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THE NAVAL POSTGRADUATE SCHOOL MISSION

The mission of the Naval Postgraduate School is to provide advanced
professional studies at the graduate level for military officers
and defense officials from all services and other nations. The
school’s focus is to increase the combat effectiveness of the armed
forces of the United States by providing quality education which
supports the unique needs of the defense establishment.
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PREFACE

The Naval Postgraduate School Research Program follows from
the School’s mission "... to increase the combat effectiveness of
our Nation’s armed services by providing quality education ...".
Quality education requires that the School foster a program of
research to sustain academic excellence. The NPS Research Program
is guided by the Research Office in accordance with the Research
Office mission statement:

To develop, on an ongoing basis, an overall research
investment strategy that ensures a high quality creative and
relavent learning experience for our graduate students, that
encourages pursuit of new discoveries and applications in areas
critical to DOD and that actively enhances the long term combat
effectiveness of the Navy and other services.

The overall program consists of two parts, the Direct Funded
Research Program and the Reimbursable Research Program. The Direct
Funded Research Program provides internal funding for (1) the
Research Initiation Program for new faculty, (2) Navy relevant,
meritorious research, (3) interdisciplinary research, (4) unique
facilities of institutional importance, and (5) postdoctoral
programs. The Reimbursable Research Program consists of those
projects which have been funded by outside agencies on the basis of
proposals submitted by NPS faculty. 1In all cases we expect that
research pursued at NPS should provide creative, relavent thesis
opportunities for our students. The two programs are complementary
and ensure that the overall research program is flexible,
responsive, balanced and supportive of the School’s curricula.

In 1992, the faculty executed 124 research work-years. Of
this total, 62% were reimbursable and 38% were direct funded. The
work was 70% Navy and 30% non-Navy. The reimbursable research
totaled $21M and was equally divided between Navy and non-Navy
sponsors. The research work resulted in 838 theses, 361 journal
papers, 272 conference papers, 612 conference presentations, 160
technical reports, 54 books and chapters, and 8 patents. In
addition, NPS faculty received various national and international
awards in recognition of their research accomplishments.

Research at NPS is carried out by faculty in the School’s 11
Academic Departments and 4 Academic Groups. In the pages that
follow, Research Summaries are provided for projects conducted by
the faculty during FY 1992. They are grouped by Department and
Academic Group with an overview provided by the Department or Group
Chair. A List of Publications for each Academic Department is also
included. Questions about particular projects may be directed to
the principal investigator or to the Research Office. General
guestions about the NPS Research Program should be directed to the
Research Office (408) 656-2098.
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A companion volume, "Compilation of Abstracts of Theses
Submitted by Candidates for Degrees" contains abstracts of
approximately 800 unclassified theses completed by NPS graduate
students, and is also published yearly.

November 1993 Jeffrey B. Knorr
Associate Dean

of Research
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Copies of publications with unlimited distribution may be obtained from either
of the following agencies depending upon the particular circumstances:

Individuals affiliated with a research and development activity within the
U.S. Government or its associated contractors, subcontractors, or grantees, under
current U.S. Government contract, should order from:

DEFENSE TECHNICAL INFORMATION CENTER
Cameron Station
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order from:
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DEPARTMENT OF
ADMINISTRATIVE SCIENCES

The Department of Administrative Sciences is responsible for academic
programs designed to educate officers and DOD civilians in a variety of
functional management specialties. The diversity of the faculty’s professional
expertise and scholarship is reflected in the wide variety of research projects
conducted in the department.

In addition to permanent faculty, the department’s research efforts have been
augmented by the participation of a number of adjunct professors. The research
projects cover a broad range of public sector management issues, ranging from
basic scholarly research projects to applied research designed to assist policy
makers and operational decision makers. For ease of exposition the research
projects are grouped into the following functional areas: acquisition; logistics
and transportation; computer and information systems; financial management;
manpower, personnel, and training analysis; and policy analysis, management, and
communications.

ACQUISITION

Professors D. Boger and S. Liao continued a multi-year, direct funded
project under the sponsorship of the Naval Air Systems Command, Cost Analysis
Division. The objective of the project is to develop parametric cost estimation
models for aircraft modification (MOD) progrms. In this phase, data on twelve
MOD programs were analyzed. Also supported by NAVSEA’s Cost Analysis Division,
Professor Doug Moses began a direct funded project that attempts to identify and
measure the factors expected to influence year-to-year changes in the unit cost
of weapons systems.

LOGISTICS AND IRANSPORTATION

Research in logistics focuses on providing support to the Navy Supply Corp
in inventory modeling. Professor A. McMasters continued his long-term research
effort to develop improved wholesale inventory models under the sponsorship of
Navy Fleet Material support Office. He also continued a second direct funded
project to develop expert systems to facilitate decision making by inventory
managers at Navy Stock Points, concentrating on hazardous materials. Professor
D. Trietsch continued his work for the Naval Sea Systems Command prioritizing
set-up reduction times in shipyard repair operations. He also started a project
that will implement TQM methods in Naval Repair Facilities. Professor T. Moore
started a project for the Army Combat Developments Experimentation Center that
attempts to implement a screening procedure to perform low-cost evaluations of
the resiliency in specific Table of Organization and Equipment (TOE) designs.




COMPUTERS, INFORMATION AND COMMUNICATION SYSTEMS

The NPS Research Council supported the research efforts of several faculty
members in the IS area. Professor M. Zviran completed a project that utilized
Multiple Criteria Analysis to evaluate the selection of computer hardware, and
continued a second project on che characteristics of user passwords and
evaluation of alternative authentication techniques. He and Professor W. Haga
started a new project, sponsored by the Space and Naval Warfare Systems Command,
on evaluating the characteristics of alternative data integrity models. Professor
K. Sengupta completed a direct funded project aimed at developing design
principles for incorporating feedback in group decision support systems. He
started a second project aimed at investigating the feasibility of constructing
interactive knowledge acquisition mechanisms for building expert systems.
Professor T. Abdel-Hamid continued a project on software cost and schedule
estimation. Professor M. Suh started a project on the optimal configuration of
a distributed database system. Professor N. Schneidewind received funding from
Navy Surface Warfare Center to continue his research on enhancing his software
reliability model. Professor D. Dolk continued a project developing a decision
support system for emergency telecommunications. Professor Haga and D. Henderson
are reviewing economic techniques used to evaluate ADP investments by the Navy.
Finally, Professor M. Kamel started a project to establish a multi-level
framework for investigating the interoperability and integration of distributed
databases in heterogeneous environments.

FINANCIAI, MANAGEMENT

Professors D. Dolk and K. Euske collaborated on a direct funded project
sponsored by Naval Supply Systems Command to analyze the management control and
information systems that supports the RAMP project, which is concerned with
developing highly automated manufacturing facilities using advance robotics.
Professors Euske and L. Jones collaborated on a study to analyze the impact of
budget issues on squadron operations of the Pacific Fleet Naval Air Forces.
Professors Euske, Jones, and J. McCaffery continued an on-going project analyzing
the effect of the resource allocation process on CINCPACFLT. Professor L. Jones
also began a project sponsored by NAVCOMPT on the Navy budget justification
process and the impact of Navy budget reductions. Professor J. San Miguel
started a project with direct funding on unit costing of defense activities.

MANPOWER, PERSONNEL, AND TRAINING ANALYSIS

An umbrella reimbursable research project sponsored by the Deputy Chief of
Naval Operations (Manpower) supported several MPT faculty members: Professor A.
Crawford analyzed attrition policy at Navy A-Schools; Professor L. Solnick
developed a prototype methodology for validating OPNAV manpower forecasting
models; Professor S. Mehay analyzed naval officer accession programs and CRNC’s
officer goaling models; and Professor D. Henderson completed work on the impact
of national service on the Navy. A second umbrella project funded by the Naval




Avionics Center (NAC) supported several manpower-related efforts. Professor K.
Thomas and B. Roberts completed an analysis of the career orientation and job
satisfaction of scientists and engineers employed at NAC. Professor L. Solnick
continued the development of a longitudinal personnel data base of NAC employees.
This data base is to be used in several future sub-projects. Professor M.
Eitelberg contined evaluating:- the effects of several different personnel
procuremeit systems on the quality of defense manpower for the Office of the
Assistant Secretary of Defense (FM&P). He is also examining the military
selection and classification process for 0SD.

The Army Recruiting Command also sponsored several MPT faculty. Professors
M. Eitelberg and S. Mehay continued the project on recruiting in the 21st
century. Professors G. Thomas and I.. Gorman collaborated with K. Kocher and
Professor S. Sohn from the OR Department on separate projects covering a wide
range of recruiting-related issues, including a model of the commute behavior of
Army Reservists, USAR Nurse retention and attrition, and the development of
projections of the qualified military available and interested population in
local areas in future years.

POLICY ANALYSIS, MANAGEMENT AND COMMUNICATIONS

Professor N. Roberts continued to work with Professor J. Tritten of the NSA
Department on strategic management for the Department of Defense. This project
has several sponsors within the Office of the Secretary of Defense. Professor
G. Fann-Thomas started a direct funded project to examine communication
strategies used for implementing organizational change. Professor W. Gates, K.
Terasawa and L. Jones collaborated with Professors M Sovereign in the OR
Department and E. Laurance in NSA on reimbursable research for the Chief of Staff
of the Army. The project investigated various issues associated with burden
sharing with U.S. allies. Professor J. Suchan continued a project for the
Personnel Secuvrity Research Center that assesses the impact of field agent’s
report writing on the adjudication process.




SOFTWARE PROJECT MANAGEMENT
Tarek K. Abdel-Hamid, Assistant Professor of
Information Systems
Kishore Sengupta, Assistant Professor of
Information Systems
Department of Administrative Sciences
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
is to examine the processes by which
software projects are managed and to
investigate methods by which the
management of software projects can
be improved.

SUMMARY : The research project
entailed conducting laboratory
experiments on the decision processes
underlying the management of software
projects. The research finds that
individuals have difficulty in making
decisions in complex, dynamic
environments. The quality of the
decisions can be improved by
delivering information on the task
environment and altering reward
structures.

THESES DIRECTED: Costello, T.,
“Anchoring and Adjustment in Software

DATA D

ATR DIFICATT

Project Management: An Experimental
Investigation," Master’s Thesis,
September 1992.

Baker, D., " An Experimental
Investigation of the Effects of
Software Size Increase on Software
Project Management Behavior,"
Master’s Thesis, March 1992.

OTHER: Abdel-Hamid, T.K, K.
Sengupta, and M. Hardebeck have
submitted "The Impact of Reward
Structures on Staff Allocations in a
Multi-Project Software Development
Environment,'" to IEEE Transactions on
Engineering Management.

Sengupta, K. and Abdel-Hamid, T.,
have submitted “Anchoring and
Adjustment: a Dynamic Perspective" to
Information Systems Research.

TIMAT ) of
ERTVATE

D.C. Boger, Professor of Economics
S.S. Liao, Professor of Accounting
Department of Administrative Sciences
Sponsor: Naval Air Systems Command,
Cost Analysis Division
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
iss to develop databases for eventual
development of parametric cost
estimating models for aircraft
modification and derivative programs.

SUMMARY: In prior reporting period
of this multi-year project, a survey

of data availability, the formulation
of a cost element structure, and
acquisition were completed. Final
database development was completed.

PUBLICATIONS: Boger, D.C. and Liao,
S.8., "aircraft Modifications Cost
Analysis, Volume 10: The KC-135R




Engine Modification, " NPS Technical
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Report, NPS-AS-009PR, October 1992.
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Tung Bui, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: Mr. Paul A. Strassmann,
Director of Defense Information, OASD (C3I)

OBJECTIVE: The objective of the
research was to conduct a series of
case studies that focus on important
issues in '~ the implementation of
management information systems within
the DobD. A case study may unfold
either food or unsound practices, or
possibly a mixture of both. Critical
analyses of these findings will help
formulate future implementation
policies of DoD MIS.

SUMMARY : With four NPS faculty
members and nine students, we
conducted extensive field studies at
DoD agencies that have played
pioneering role in using information
technology to enhance DoD combat
effectiveness. Visited sites
included the US Army Corps of
Engineers, the Sata Management Center
at Fort Belvoir, the RAPID center,
Fort Lewis, Naval Logistics Command,
OASD-C3I, and contractors involved in
the projects initiated by these
commands. Personal interviews, site
visits, follow-on data gathering
using questionnaires were conducted.
We examined and evaluated research
publications in the MIS literature,

and paid visit to civilian
institutions that engaged in similar
use of information technology.

Lessons learned were derived from
these studies.

PUBLICATIONS: Bui, Tung, Dolk,
Hayes, and Donohue. "Data Management:
Implementation and Lessons Learned
from the DOA Data Management Program,
Technical Report, NPS-AS-93-04.

LEN 2T I

Bui, T., Blake, and Emery,
"Prototyping with Application
Generators: Lessons Learned from the
Naval Aviation Logistics Command
Management Information System Case,"
Technical Report, NPS-AS-93-005.

Bui, T., Emery, Suh, Harms, and
VanHook, "A Clearinghouse for Reuse:
Lessons Learned from the US Army
RAPID Project, Technical Report, NPS-
AS-93-06.

Bui, T., Emery, Duvall, and Elliot,
"Business Re-Engineering: Lessons
Learned from the US Army Corps of
Engineers Modernization Program,"
Technical Report, NPS-AS-93-07.

THESES DIRECTED: Elliot, Maryjo, LT,
USN, and Gilliann Duvall, LCDR., USN
"Business Re-Engineering: Lessons
Learned from the USA Army Corps of
Engineers," Master’s Thesis,
September 1992.

Blake, Cheryl, LT, USN, "Software

Development with Application
Generators: The Naval Aviation
Logistics Command Management

Information Systems (NALCOMIS) Case",
Master’s Thesis, September 1992.

vanHook, Tina, LT, USN and Gerard
Harms, LCDR. USN, "A Clearinghouse
for Software Re-use: Lessons Learned
from the RAPID/DSRS Initiatives",
Master’s Thesis, September 1992.

Donohue, Christine, LT, USN, and
Hayes, Gregory, LT, USN, "Data




Management : Implementation and
Lessons Learned for de DOA Data
Management Program," Master’s Thesis
September 1992.

Harkleroad, Joseph, LT, USN, "A Case

Study of Information Resource
Management In DoD", Master’s Thesis

F

LE ISE

In Electronics and Communications,
March 1992.

Jennings, Charles, LT, USN, ‘'Re-
Engineering Software Systems in DoD
using Integrated CASE," Master’s
Thesis, September 1992.

ALYST

Tung Bui, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: USA TRADOC Command

OBJECTIVE: The purpose of this two-
year research has been to conduct a
feasibility study and implementation
of the Single Exercise Analysis
System (SEAS). The system is
intended to (i) provide Army analysts
with an integrated computer system to
analyze and evaluate battle
exercises, and (ii) serve as a front-
end of Janus(A). The research adopts
a modular and prototyping approach to
build the proposed prototype.

SUMMARY: During FY92, most of the
efforts were devoted to the
conceptual design of the system,
specifically on the modeling aspects
of the battle scenario generation
process. A substantial amount of
time was spent on the knowledge
acqguisition of the (1) data
qualification process for tasked
organized unites, and (ii) the tank
route determination process. This
first year of the research has led to
the following modules of the
prototype: an expert system module
to compare OPFOR and BLUEFOR data
from various data sources (i.e.
INGRES database, video tape, NTC home
package) .

an expert system module for combat
system totals comparison

an expert system module for combat

system reallocation.

A neural net system that suggests
routes based on qualified data a
multimedia interface.

PUBLICATIONS: Bui, T., Davis Dryer,
and Matthew Laskoski, "A neural-
Network Based Behavioral Theory of
Tank Commanders," NPS Technical
Report, NPS-AS-92-015, published in
the Conference Proceedings, = =2ural
Network Conference, Navy Personnel
Research and Development, San Diego,
February 1993.

CONFERENCE PRESENTATION: Bui, T., "A
Cognitive Model cof Tank Commanders,
Military Operations Research Society
(MORS) conference, Monterey, May
1992.

THESES DIRECTED: Bryant, Lance,
Jr.,CPT, USMC, Richard white Jr., LT,
USN, ‘"Automating the NTC-Janus(A)
Conversion Process with Rule-Based

Systems," Master’s Thesis, March
1992.
Thur, Julia Ann, LCDR, USN,

"Multimedia: The Case with Army’s
Single Exercise Analysis Prototype,"
Master’s Thesis, September 1992.




Elridge, Dwayne, LT., USN, "Using
Neural Network for Determining Battle

Vehicle Routing in War Games,"
Master’s Thesis, September 1992.

DEFENSE AND DESCENSUS: THE IMPACT OF
CONGRESSTONAL BUDGET STALEMATE

ON DEFENSE RESQURCES
Richard Doyle, Associate Professor of Public Budgeting,
Department of Administrative Sciences
Sponsor: Research Council
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this
investigation was to extend an
assessment of the impact of the
Budget Enforcement Act of 1990 on the
congressional budget process during
the second full year of |its
implementation and the final vyear
during which walls were in effect
between the major categories of
discretion spending.

SUMMARY : All of the major events
associated with the development of
the FY 1993 budget were recorded and
analyzed. Spending conflict focus on
an intense but unsuccessful efforts
to remove the discretionary spending
walls in order to shift resources
from defense to domestic programs.
Other controversies surrounded
similarly unsuccessful efforts to
amend the constitution to require a
balanced budget and to cap
entitlement spending. Because of the
recession, increased spending for
entitlements and the limited mandate
of the Budget Enforcement Act,
Congress was unable to prevent the
deficit from reaching another

record high.

CONFERENCE PRESENTATIONS: “The
Impact of the Budget Enforcement Act
of 1990 on Defense Budgets, "
presented at the annual meeting of
the International Security Studies
Section and the International Studies
Association-West, Fall 1992.

“Reconciliation Revisited: A Decade
of Practice and Policy," presented at
the annual meeting of the Section on
Budgeting and Financial Management of
the American Society for Public
Administration, October 1992.

Colloquium, "U.S. Defense Spending
After the Cold War," presented to the
Pacific Northwest Colloquium on
International Security, Jackson
School of 1International Studies,
Seattle, WA, 3 Apri, 1992.

THESES DIRECTED: Knowles, Win, LCDR,
USN, "The Budget Enforcement Act of
1990: Supplemental Appropriation
Spending Control Effectiveness,"
Master’s Thesis, December 1992.




AND CLASSIFICATION
Mark J. Eitelberg, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: Office of the Assistant Secretary of
Defense (Force Management and Personnel)
Directorate of Accession Policy

OBJECTIVE: To review the historical
role &nd accomplishments of the
military in human resource
development and to explore several
additional contributions that can be
made through the military’s selection

and classification system. To
examine selected aspects of
population representation in the
military. This is part of a

continuing project at NPS.

SUMMARY: The second phase of work on
this project involved the preparation
of a report to Congress. The report
looked at the historical
contributions of the Department of
Defense with respect to human
resource development. It also
examined the results of a pilot
project in pre-enlistment skill
training that was undertaken by the
University of Mississippi; a case
study of recruits from Florida who
entered the military with a juvenile
arrest record; a study of the
Morn.tgomery GI Bill (enrollment
patterns and usage rates since its
introduction in July 1985); and new
research on the transfer of military
skills to the civilian sector. A
second report was prepared for
Congress on "population
representation" in Operations Desert
Shield and Desert Storm, following an
extensive effort to develop and
refine a data base on personnel
deployed to the ©Persian Gulf.
Concluding work on the project
resulted in two conference
presentations in 1992 and preparation
for follow-up activities in the years

ahead.

CONFERENCE PRESENTATIONS: Mark J.
Eitelberg, "Military Manpower Policy

and the Defense Department’s
Reduction-in-Force,” Annual Meeting
of The Military Testing

Association,San Diego, California,
October 1992.

Eitelberg, Mark J., "Human Resource
Development 1Issues in the U.S.
Department of Defense," Annual
Meeting of UTP-3, The Technical.
Cooperation Program, Kingston,
Ontario, Canada, July 1992.

Eitelberg, Mark J. and Stephen L.
Mehay, "Demographics and the American
Military at the end of the 20th
Century," paper presented at a
"Workshop on U.S. Domestic and
National Security Agendas: Into the
2ist Century,: Cantigny, Illinois,
September 1992. Sponsored by the
U.S. Army War College, the National
Strategy Forum, and the Robert R.
McCormick Tribune Foundation.

Eitelberg, Mark J. and Stephen L.
Mehay, '"The Shape of Things to Come:
Trends and Projections Affecting
Military Recruiting and Manpower in
the 21st Century," paper presented
at a '"Workshop on Sociocultural
Designs for the Future Army."
University of Maryland, March 1992.

Eitelberg, Mark J. and Stephen L.
Mehay, "The Shape of Things to Come,"
in David R. Segal, Sociocultural
Dimension of the Future Army.




Alexandria, VA: U.S. Army Research
Institute for the . Behavioral and
Social Sciences, 1992.

PUBLICATIONS: Eitelberg, Mark J. and
Stephen L. Mehay. "The Shape of

b " > —

Things to Come: Trends and
Projections Affecting Military
Recruiting and Manpower in the 21st
Century," NPS Technical Report, NPS-
AS-92023, 1992.

ANALYSIS OF THE MANAGEMENT CONTROL

K. J. Euske, Associate Professor
Department of Administrative Sciences
Sponsor: Commander, Naval Supply Systems Command

OBJECTIVE: This is a continuation of
part of a previous research project.
The specific Objective of this
research project is:

1) Analyze the current management
control system currently in place to
support the RAMP project.

2) Recommend adjustments to that
system such that the output of
the system will provide information
that accurately appraises the RAMP
project.

3) Ensure that the system provides
valid and reliable information

R

regarding the cost, effectiveness,
and efficiency of the RAMP project.
The RAMP Project within the Navy is
concerned with developing highly
automated manufacturing facilities
using advanced robotics.

Release time: One Quarter.

THESES DIRECTED: Douglas, Robert C.,
"An Assessment of the FCIM Decision
Support System for the Effects of
Lead Time on Procurement Decisions,"
Master’s Thesis, December 1992.

IMP] P E

K. J. Euske, Associate Professor
W. J. Haga, Associate Professor
Department of Administrative Sciences
Sponsor: Office of the Director of Defense Information

OBJECTIVE: The objective of the
project is to design a process help
the functional manager understand

how to accomplish process
improvement. The researchers will
develop:

1). a model of how to effect process
redesign,

2). an inventory of alternative
resources and inputs that can be
used by process redesign teams to
accomplish their goal,

3). a case study demonstrating the

application of the model and
inventory.

THESES DIRECTED: Kotheimer, William
C., Jr., "Development of a prototype
Database to Support Business
Reengineering in the Department of
Defense,"” Master’s Thesis, September
1992.

White, Scott A., '"Modeling Process
Redesign, " Master’s Thesis, September
1992.




IDENTIFICATION OF PERFORMANCE

K. J. Euske, Associate Professor
Department of Administrative Sciences
Michel J. Lebas, Professor, Hautes Etudes Commericales
C. J. McNair, Associate Professor, Bason College
Sponsor: CAM-I International

OBJECTIVE: The purpose of the project
is to identify how private sector
organizations develop and use
performance measures. The Objeciive
of the study is to identify existing
performance measurement practices,
detail the linkages to and divergence
form "accepted" theory and identify
areas where performance management
systems can be improved. The Project
directly supports DoD efforts to
support and improve the stability and
competitiveness of the U.S. defense
industrial base.

THESIS DIRECTED: Chacule, Sandra
Kay, “Performance Measurement
Systems: A Best Practices Study,"
Master’s Thesis, December 1992.

CONFERENCE PRESENTATION: Euske, K.J.,
M. J. Lebas, and C. J. McNair,
“Management Performance in an
Industrial Setting: A Survey of
Current Practice," The Second
European Management Control
Symposium, Hautes Etudes
Commerciales, France, 9-11 July 1992.

David R. Henderson, Associate Professor of Economics
Department of Administrative Sciences
Sponsor/Funding: Under MPTA Faculty Research

to Support BUFERS and OP-01

OBJECTIVE: The goal of this project
was to. investigate how the private
sector meets the challenge of giving
incentives to recruiters, with the
idea of drawing lessons from the
private sector for use by the Navy.

SUMMARY : A thorough literature
review was done and a questionnaire
was sent to recruiters at various
large companies in a wide range of
industries. The literature was
summarized and the data from the
questionnaire were reported. There
were three main findings. First,
firms in the private sector often
reward employees for referring other
potential employees if those
potential employees become actual

employees. This way, many members of
the employer’s labor force, not just
those who specialize in recruiting,
are recruiters. Second, variety in
incentives may be important to keep

recruiters insensitive. Third,
increasing incentives at the margin
are sometimes used. This makes

sense, if as seem likely, additional
recruits are harder and harder to
find.

THESIS DIRECTED: Skidmore, Mark, LT,
USN, "Incentives for Navy Recruiters:
Lessons from the Private Sector,"
Master’s Thesis, September 1992.

CONFERENCE PRESENTATIONS:

Henderson, pavid R., "A  Humane




Economist’s Case for Drug Olympic Winner," The Freeman, July

Legalization," presentation at the 1992.

Cato Institute-CISLE Conference,

“Liberating the Hemisphere: Free Henderson, David R., "The Economics
Trade and Beyond", Mexico City, May of Privatization," Speech given at
22, 1992. Harvard University’s John F. Kennedy

School of Government, 28 August 1992.
PUBLICATIONS: Henderson, David R.,

“Adultery’s Legal; Why not Henderson, David R., “Academic
Marijuana?," Los Angeles Times, 13 Frauds" review of Impostors in the
February, 1992. Temple by Martin Anderson, Fortune,

November 16, 1992.
Henderson, David R, "Incentives for

Navy Recruiters: Lessons from the Henderson, David R., "What Should the
Private Sector," report prepared for President Read?", Reason, December
Bureau of Naval Personnel (pers-2). 1992,

David R. Henderson, "Capitalism: An

G.G. Hildebrandt, Visiting Associate Professor
Department of Administrative Sciences
Sponsor and Funding: Office of the Secretary of Defense

OBJECTIVE: The analysis will SUMMARY: The project was initiated
investigate issues associated with on 28 September 1992. Work will
the maintenance of U.S. military- begin during the Summer 1993 term.
technological superiority into the Final report is due 30 September 93.

twenty first century.

NARFARE CENTER, AIRCRAFT DIVISIQ
S. P. Hocivar, Adjunct professor
Department of Administrative Sciences
Sponsor/Funding: Naval Air Warfare Center

Aircraft Division, Indianapolis

OBJECTIVE: The goal of this project data were analyzed, and results on
was to assist the sponsor with the the status of 1992 as well as
design, analysis and interpretation comparison with 1990 data were
of internal employee attitude surveys provided. The second component
used as mechanisms for continuous involved the Quality of WwWork Life
improvement. (QWL) survey, an instrument developed

by the Center that has been used on a
SUMMARY: Two employee surveys were regular basis over the past 3 years.
conducted during 1992. First, the Analyses were done using data from

culture Gap survey was administered, prior administrations to enhance the

1




measurement characteristics of this
instrument and recommendations were
made to enhance the reliability of
reported findings.

This revised instrument was then
administered and analyzed at the end
of 1992. A final report will
summarize survey item results and
longitudinal trends as well as
qualitative comments.

PUBLICATION: Hocivar, S.P., "Culture

Gap Study, 1990-1992," NPS Technical
Report, NPS-AS-92-024PR, August,
1992.

OTHER: A briefing of the results of
the Culture Gap Survey results was
made to the Board of Directors of the
NAWC-AD, Indianapolis and
implications were discussed. The
report on the QWL survey was
completed and briefed in March 1993.

L.R. Jones,

Professor

J.L. McCaffery, Professor
Department of Administrative Sciences
Sponsor: Office of the Comptroller,
Office of Budget and Reports,
Department of the Navy
Funding: Naval Postgraduate School and the
Office of the Comptroller, COMNAVAIRPAC

OBJECTIVE: The goal of this project
was to examine the structure of the
financial management curricula
offered at civilian institutions in
the U.S., and with the programs
offered by the Department of the Army
and the Department of the Air Force
and compare them to the financial
management curriculum offered at NPS.

SUMMARY : The NPS curriculum was
compared in detail to 54 other
curricula accredited by the National
Association of Schools of Public
Affairs and Administration, including
several prominent business schools
and management schools with public
sector programs. It was found that
the NPS program offered a unique
combination of MPA and MBA subjects
tailored to the needs of the Navy.
No other school had such a program.
The NPS program was judged superior
to MPA curricula 1in accounting,

econonics, and public sector
budgeting and financial management.
The NPS curricula programs in public
sector budgeting, management, and
public policy study. Relative to
other DoD programs, the Navy educates
public managers, while the Army is
oriented toward business and the Air
Force toward cost analysis. The
possibility was raised that Navy
students studying at civilian
universities and seeking a financial
management subspecialty code might
not be adequately prepared in public
sector emphasis, since most study in
business curricula. The study also
makes recommendations for improving
NPS education, focusing on more
financial management and more
computer instruction and reasonable
class sizes.

PUBLICATION: Jones, L.R., J.L.
McCaffery, and R.

Jackson. Y-




RO LRI -

Comparison Graduate Financial
Management Programs Offered in U.S.
institutions of Higher Learning."
NPS Technical Report, August 1992.

THESIS DIRECTED: Jackson, R., LDCR,

USN, "Comparison of the Financial
Management Curriculum at the Naval
Postgraduate School and other
Graduate Public Financial Management
Curricula in the United States.' June
1992.

NAVY SHIP MAINTENANCE AND REPAIR
AND IMPACT OF BUDGET REDUCTION
L.R. Jones,

Department of Administrative Sciences
Sponsor and Funding: Naval Sea Systems Command

OBJECTIVE: The goal of this project
was to assess the roles, participants
and relationships in the Navy system
for Ship Maintenance and Repair and
to analyze methods for improving the
efficiency and cost-effectiveness of
this system. Selected issuves in
programming and budgeting for ship
maintenance and repair also were
examined. The goals and funding for
this project were provided late in FY
1991 and continued in FY 1992.

SUMMARY :
PACFLT and LANTFLT to assess the
characteristics of the Navy ship
maintenance and repair systems. This
system was analyzed in terms of the
roles of the participants and their
relationships in the work preparation
and documentation process for Navy
ship repair and maintenance. The
work preparation system as described
and analyzed for methods and
alternatives to improve efficiency
and cost-effectiveness. Preliminary
results were presented to the sponsor
and feedback was obtained on further
approaches to analysis. The climate
and characteristics of the POM and
budget preparation were assessed to

assist in the design of further
research.
PUBLICATIONS: Jones, L.R. and G.

Research was performed in
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Professor

Bixler, "Mission Budgeting to Realign
National Defense,'" (Greenwich, CT:JAI
Press, 1992).

Jones, L.R., "Public Budget Execution
Control," in J. Rabin, ed., Handbook
of Public Budgeting and Financial
Management, (New York, NY: marcel
Dekker, 1992).

Jones, L. R., J. M. McCaffery, and J.
Shields, "Financial Management Reform
in the Federal Government, Technical
Report, NPS-AS-92-04, August 1992.

CONFERENCE PRESENTATION: Presented a
paper on Corporate Environmental
Policy at International Conference on
Public Service Ethics 1in Siena,
Italy, June 1992.

THESES DIRECTED: Radice, M.,
"Analysis of the Defense Enterprise
Program,'" Master’s Thesis, June 1992
(Primary Advisor: Conrad Scholar).

Perkins, J., "Post-Availability
Evaluation Systens in Ship
Maintenance and Repair," Master’s
Thesis, December 1992.

Haidvogel, R., “"The Afloat
Maintenante Command and Finding
Alternatives," Master’s Thesis,

December 1992.




Marchbanks, K., '"Ship Maintenance and
Repair in the Deployed Environments
and the Effectiveness of Ship
Tenders,'" Master’s Thesis, December
1992,

Shields, J.J., 'The Chief Financial
Officer Act of 1992," Master’s
Thesis, December 1992.

NAVY FLEET AND FLIGHT HOUR BUDGETING AND IMPACT OF
DMR AND BUDGET REDUCTION
L.R. Jones,

Department of Administrative Sciences
Sponsor and Funding: AIRPAC, Pacific Fleetr

OBJECTIVE: The goal of this project
was to assess the budget and the
impact of budget reductions in the
AIRPAC, PACFLT command, to assess
management control system and
accounting changes to respond to
budget austerity including those
related to DMR process and analyze
U.S.-Japan national defense resource
burdensharing.

SUMMARY: Research was performed in
the field in AIRPAC HQ and
installations to assess the
characteristics of budget and

accounting systems. These systems
were analyzed in terms of the roles
of the ©participants and their
relationships in budget preparation,
analysis and justification. The
budget preparation system was
analyzed for methods and alternatives
to improve efficiency and cost-
effectiveness. Preliminary results
were presented to the sponsor and
feedback was obtained on approaches
to further analysis. The climate
land characteristics of the POM and
budget preparation were assessed with
the assistance of the sponsor to
assist in the design of further
research. Characteristics of U.S.-
Japanese defense resource
burdensharing also were examined from
a budgetary, political and economic
perspective.
PUBLICATION: and R.

Jones, L.R.
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Professor

Doyle, "Public Policy and Management

Issues in Budgeting for National
Defense," Defense Analysis, 23 March
1993.

CONFERENCE PRESENTATION: Paper on
U.S.-Japan economic, trade land
security relations at the annual
research conference of the

Association for Public Policy and
Management, Denver, CO, October 1992.

Speech on the DMR process delivered
to the San Diego Chapter of the
American Society of Military
Comptrollers, San Diego, CA. February
1992.

THESES DIRECTED: Martin, E., '"The
Navy Flight Hour Program: An Analysis
of Potential Improvements,'" Master’s
Thesis, June 1992

Edwards, M., "Issues in Budgeting the
Navy Flight Hour Program,' Master’s

Thesis, December 1992.

Jacksom, P., '"Cost Recovery for
Health Care in the Navy," (Co-
Advisor) Master’s Thesis, December
1992.

Jimenez, R., "Naval Hospital Care

Costs: A Case Study." (Assoc. Advi.),
Master’s Thesis, December 1992.

for
the

Kunkel, K.,
Environmental

"Budgeting
Programs in




the DoD and the Navy."

Ccongress,
(Assoc.Advisor), Master’s Thesis,

December 1992.

L.R.

OBJECTIVE: The goal of this project
was to assess the impact of budget
reductions in DoD including those
related to the DMR process and to
conduct a survey of quality
assessment in DoD Financial
Management Education and Training
Institutions.

SUMMARY: Research was performed to
assess budget and DMR processes and
reductions. These were analyzed in
terms of the roles of the
participants and their relationships.
The budget system was analyzed for
methods and alternatives to improve
efficiency and cost-effectiveness.
Preliminary results were presented to
the sponsor and feedback was obtained
on approaches to further analysis.
The climate and characteristics of
the budget preparation were assessed
with the assistance of the sponsor to

assist in the design of further
research. The impact of the DMR in
DoD was assessed. A survey of

quality assessment methods in DoD
Financial Management Education and
Training Institutions was conducted
and reported to the DoD Comptroller
and staff to follow up on a part of
DMR 385.

PUBLICATIONS: Jones, L.R., "The
Defense Squeeze, " Government
Executive, 24/2, February 1992.

Jones, L.R,
Business,"

"Minding the Pentagon’s
Government Executive,

Jones,
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Professor
J.L. McCaffery, Professor
Department of Administrative Sciences
Sponsor: Office of the Comptroller, DoD
Funding: Naval Postgraduate School

24/10, October 1992.

Doyle, R. and J.L. McCaffery, '"The
Budget Enforcement Act - One Year
Later," Public Budgeting and Finance,

11/3, 1992.
Jones, L.R., J. McCaffery, and M.
Cragen, "Quality Assessment in DoD

Financial Management Education and
Training Institutions,' NPS Technical
Report, NPS-AS-92-05, August 1992.

Jones, L.R., J. McCaffery, and R.
Jackson, "“A Survey of Graduate
Financial Management Education,"'" NPS
Technical Report, NPS-AS-92-06,
August 1992).

CONFERENCE AND INVITED PRESENTATIONS:
(1) Presented paper on DoD Financial
Management Education and Training at
annual conference of the Comptroller,
DoD in Monterey, September 1992.

THESES DIRECTED: Cragen, M., "A
Survey of Quality Assessment in
Financial Management in DoD",
(CoAdvisor), Master’s Thesis, June
1992.

Jackson, R., ‘'Comparing Graduate

Financial Management Curricula in the

U.S. to the Program at the Naval
Postgraduate School,'" (CoAdvisor),
Master’s Thesis, June 1992.

Gilat, E.,
Israel."

“The Arab 0il Boycott of
(Assoc.Advisor), Master’s




Thesis, December 1992. (CoAdvisor), Master’s Thesis, June
1992.

Gallrein, E., "Navy Special Warfare
Graduate Education Assessment,"

Magdi N. Kamel, Assistant Professor

Department of Administrative Sciences

Sponsor: Naval Research Laboratory
AN Funding: Naval Postgraduate School
OBJECTIVE: The objective of this of attributes and metrics, using the
research project is to implement, Analytic Hierarch Process, this

validate, and refine a comparative
evaluation method for risk management
methodologies and tools.

SUMMARY: A new approach was recently
proposed to effectively and
objectively evaluate risk management
methodologies and tools for their
suitability to a given organizational
situation. The proposed approach,
known as CERTS, is based on defining
suitability in terms of criteria
which in turn are described in terms

I DETERMINATT

project develops the CERTS approach
into an automated Decision Support
System (DSS). The developed DSS is
applied to three case studies to gain
insights into and refine proposed
methodology.

THESIS DIRECTED: Crump, L.A., Jr.,
and J.G. Pound, "DE-CERTS: A Decision
Support System for a Comparative
Evaluation Method for Risk Management

Methodologies and Tools,'" Master’s
Thesis, September 1991.
R R T

Keebom Kang, Adjunct Professor
Department of Administrative Sciences
Michael Bailey, Assistant Professor
Lyn Whitaker, Associate Professor
So Young Sohn, Assistant Professor
Department Operations Research
Sponsor and Funding: Naval Surface Warfare Center, Crane, IN

OBJECTIVE: This is a continuing
support from Naval Surface Warfare
Center, Crane, IN. The primary
okiective of the research 1is to
determine how the effectiveness of
NGFS changes with changes in round
component reliability. The secondary
concerns the storage of the millions
of dollars worth of major caliber
ammunition purchased every year. The
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continuing goal of this research is
to develop good models and
methodologies of estimation to
predict deterioration rates as a
func ion of a variety of conditions,
such as vendor information and
storage characteristics. These
estimated deterioration rates would
then be used to determine the best
time to reorder ammunition before the




quality had deteriorated below an
acceptable level.

SUMMARY : (1) Continuation of the
study of reliability performance of

major caliber ammunition used in
NGFS, (11) Construction of a
simulation model for NGFS exercises
and qualification test. (1i1i)
Development of a Measure of
reliability and bonus system to
reward contractors with products

whose reliability exceeds a minimum
acceptable level, (iv) Development of
methods that provide depot managers
with information regarding
appropriate time for reorder of
ammunition before the quality reaches
an unacceptable level. The first and
the last items will be continued in
FY93-FY9%4.

PUBLICATIONS: Bailey, M.P., M.
Bartoli, K. Kang, and A.J. Callahan,
"Establishing Reliability Goals for
Naval Major Caliber Ammunition,"
Naval Research Logistics, Vol 39,
1992, pp 877-892.

wWhitaker, L. and M.P. Bailey,
“Pyrotechnic Device Reliability,"
Technical Report NPS-OR-92-05, Naval
Postgraduate School, 1992.

Sohn, S. Young, "An Application of
Growth Curve Analysis to the
Ammunition Deterioration Model, "
Technical Report NPS-OR-92-013, Naval
Postgraduate School, 1992.

CONFERENCE PRESENTATION:
“"An Application

Sohn, S.Y.,
of Growth Curve
Analysis to the Ammunition
Deterioration Model, " ORSA/TIMS
National Conference, San Francisco,
CA, November 1992.

THESIS DIRECTED: Mazanac, W., Lt.,
USN, "A Real Time Training System for
NGFS Qualification Testing."
Master’s Thesis, Advisor: Prof. M.
Bailey, March 1992.

DEFINITIONS OF CONTRACTING TERMS
D.V. Lamm, Associate Professor

Department of Administrative Sciences
Sponsor: Naval Postgraduate School
Funding: Unfunded

OBJECTIVE: The objective of this
project was, and continues to be, the
development of a dictionary of
contracting terms.

SUMMARY: The contracting profession
has been criticized over the past
several years for the lack of clear
definitions for a number of its
terms. Beginning in 1988, NPS and the
Air Force Institute of Technology
(AFIT) have collaborated on a project
to develop a dictionary of
contracting terms to be used by the

17

OTHER: Spreadsheet-based decision
support model was developed and
delivered to NWSC.

profession. The work has been

accomplished principally by graduate
thesis students at both institutions

in the contracting curricula.
Approximately 500 terms have been
earmarked for definition, and

approximately 350 terms have been

defined. The process involves a
comprehensive review of the
literature, including The Federal
Acquisition Regulation (FAR) , to

determine how a term is currently
defined and to develop a 'working"
definition. A survey questionnaire




is used with selected experienced
contracting professionals to obtain
feedback concerning the terms use in
practice. Responses are synthesized
and a new proposed definition |is
presented. Terms are then published
in the Contract Management journal
with an invitation to respond to the
researcher regarding any recommended
changes.

PUBLICATIONS: Pursch, W.C. and D.V.
Lamm, “A Dictionary of Contracting
Terms, Part II," Contract Management,
Vol 31, Issue 11, pp 42-45, November
1991.

CONFERENCE PRESENTATION: Lamm, D.V.,
“"Acquisition Research," Fifth Annual
Academic Conference for Contract
Management Educators, University of
California, Pomona, CA, 13 August
1992.

THESES DIRECTED: Zarau, M.M., "A
Dictionary of Acquisition and
Contracting Terms," Master’s Thesis,
December 1992.

Omeechevarria, G.L., "A Dictionary of
Acquisition and Contracting Terms,"
Master’s Thesis, December 1992.

Furforo, M.S.,
Acquisition and
Master’s Thesis,

“"A Dictionary of
Contracting Terms,*
December 1992.

Hayes, S.T., “A Dictionary of
Acquisition and Contracting Terms,'
Master’s Thesis, December 1992.

Brown, M.A., YA Dictionary of
Acquisition and Contracting Terms,"
Master’s Thesis, December 1992.

Roe, R.G., A Dictionary of
Acquisition and Contracting Terms,"
Master’s Thesis, December 1991.

Cotters, J.F., "A Dictionary of
Acquisition and Contracting Terms,"
Master’s Thesis, December 1991.

OTHER: Future articles will be

published in Contract Management
during 1993.

CONTRACT NEGOTIATIONS

D. V. Lamm,

Associate Professor

Department of Administrative Sciences
Sponsor: Naval Postgraduate School
Funding: Unfunded

OBJECTIVE: The focus of this
research was to examine the key
differences among inexperienced
negotiators and experienced
negotiators related to general

considerations as well as specific
negotiation situations.

SUMMARY : A series of survey
questionnaires were used to examine
several negotiation elements as
perceived by experienced and
inexperienced negotiators. The test
group for this study included
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students (considered to be
experienced) participating in the
Contract Pricing and Negotiations
Course (MN3304) at NPS and industry
contract administrators (considered
to be experienced) participating in
the in a sequence of negotiations
with the students. The factors
centered around the strategy,
tactics, and ethics of negotiations
as perceived by the two groups. A
series of four questionnaires was
used during the study. The first
questionnaire was of a general nature




and was completed approximately 30
days before the negotiation sessions.
The second, third and fourth
questionnaires were administered
immediately before, during and after
the actual negotiation sessions. An
analysis of the results includes a
comparison of the two groups in terms
of ethical vs unethical actions that
might be taken during negotiations,
the strategies considered the most
feasible, and the tactics each group
as a whole are likely to consider
employing throughout the negotiation
process.

THESES DIRECTED: Besch, T.M.,

“Identification of Negotiation
Tactics and Strategies of Army
Negotiators," Master’s Thesis,
December 1992.

Bennett, R.J., “Simulated
Negotiations: A Measure of Their

Effectiveness on Negotiated Outcome, "
Master’s Thesis, December 1991.

OTHER : Two papers accepted for
presentation at the 1993 Acquisition
Research Symposium, June 1993. The
researcher continues to wuse the
Contract Pricing and Negotiations
course/students as data collection
base.

CONTRACTING TAXONOMIES
D.V. Lamm, Associate Professor
Department of Administrative Sciences
Sponsor: Naval Postgraduate School
Funding: Unfunded

OBJECTIVE: This project is a
continuing effort to identify and
examine various characteristics of
the contracting profession through

the development and use of the
taxonomical approach. Taxonomies
were develop for goods and for
services.

SUMMARY: In order to research the
acquisition and contracting
profession, rigorous classification

of significant characteristics must
be accomplished. The premise that
Federal Government goods exhibit
elements than can be sued from a
strategic sense in the buying process
led to an attempt to identify and

classify these elements. Through a
panel of experts a theoretical
structure was established.

Questionnaires were used to obtain
data for classification purposes. A
model classification scheme was
developed as the basis for further
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investigation. A second study was
undertaken to examine homogeneous
goods with specific sets of buyers.
The study has been undertaken to
examine the practical applications
and benefits that can be gained
through use of the taxonomy.

CONFERENCE PRESENTATION: D.V. Larmm
for J.J. Pendergast, "“Application of
a Taxonomic Structure for Classifying
Federal Goods, " 1992 National
Purchasing and Materials Management
Research Symposium, California State
University, Fresno, 13 March 1992.

THESES DIRECTED: Sheehan, E.W., "A
Taronomy of Goods Procured by the
Federal Government," Master’s Thesis,
December 1992.

Perdergast, J.J., "Application of a
Taxonomical Structure for Classifying
Goods Procured by the Federal




Government," Master’s Thesis,

December 1991.

Allen, S.T., "A Taxonomy of Services
Procured by the Federal Government,"
Master’s Thesis, December 1991.

OTHER: Paper accepted for

presentation at the 1993 Acquisition
Research Symposium, June 1993. This
is a continuing project in an attempt
to integrate several taxonomies
within the contracting profession
into theoretical body of knowledge.

IN SUPPORT OF N1/BUPERS
Sthephen L. Mehay,Professor
Linda Gorman, Adjunct Professor
Mark Eitelberg, Associate Professor
David Henderson, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: Deputy Chief of Naval Operations (MPT)
N1/BUPERS, Washington, D.C.

OBJECTIVE: The project provided an
umbrella funding within which
individual projects were proposed and
carried out by individual
researchers. Mehay coordinated the
overall project and facilitated
interactions between individual MPT
faculty and N1/BUPERS. Also, Mehay
was the principal investigator of
several sub-projects: 1. Economic
Returns to Naval Service," 2. "OP-01

Model vValidation and Technical
Review," 3. “Analysis of Naval
Officer Performance," and 4. '"Wage

Growth in Civilian Technical and Non-
Technical Occupations.”

SUMMARY: This project involved
exploring alternative data bases to

statistically estimate earnings
patterns of military veterans and to
compare navy veterans with those of
other services; Projects # 2, 3, and
4 are on-going.

OTHER: Mehay, S., 'Post-Service
Earnings of Draft- and Volunteer Era
Veterans,' working paper.

Hirsch, B. and S. Mehay, “A
Decomposition Analysis of Veterans
Barnings Using Alternative Data
Sets."

THESIS DIRECTED: Haumer, Mike,
"Occupational Trends in the Civilian
and Navy Labor Markets,'" December
1991.




Stephen L. Mehay, Professor
Mark J. Eitelberg, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: U. S. Army Recruiting Command
Program Analysis and Evaluation Directorate
Fort Sheridan, Illinois

OBJECTIVE: To provide an overview of
the future environment in which Army
recruiting will be conducted in the
1990s and beyond. The project
involves an extensive review of the
literature and on future trends in
social, dJemographic, labor force,
economic, geopolitical and other
relevant areas. These trends and
projections will be evaluated
quantitatively for their impact on
Army recruiting requirements and
markets.
SUMMARY : (1) We compiled numerous
demographic, social, economic and
other trends and projections,
developed the implications of these

trends for both active Army and
reserve military manpower and
recruiting; (2) We constructed a

computerized bibliographic reference
system using the Q&A software
package. The database includes over
200 separate sources of information
on trends in the relevant subjects
areas. (3) We published a periodic
report ("Trendlines") for high-level

ATT

MODELT

Army manpower and recruiting
officials. The report highlights
selected topics and analyzes various
trends for their implications for

Army recruiting and manpower
policies.

PUBLICATION: Mehay, S., and G.
Swibies, "USAR Recruiting and

Manpower in the 21st Century,"

NPS Technical Report, U.S. Army
Recruiting Command, Ft. Knox, KY,
1992.

Eitelberg, M. and S. Mehay, "The
Shape of Things to Come: Trends and
Projections Affecting Military

Recruiting and Manpower in the 21st
Century, " NPS Technical Report, NPS-
AS-92-023, 1992.

OTHER: Organized a major conference
entitled "Marching Toward the 21st
Century," held in Arlington, VA in
July 1992. The Conference brought
together experts from numerous fields
and will result in the publication of
a book.

RT

A.W. McMasters, Professor of Operations Research and
Administrative Sciences
Department of Administrative Sciences
Sponsor: Navy Fleet Material Support Office
Funding: Unfunded

OBJECTIVE: A  continuing project to
develop a Wholesale level inventory
model for the Navy to use to
replenish their inventories of
repairable items; the: objective
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function of this model should be
related to readiness.

SUMMARY: A new inventory model for
managing repairables at Wholesale or




Inventory Control Point (ICP) level
is needed to determine when to
replenish repairable items. This
model should have the same objective
function as the Wholesale
provisioning (or first buy quantity)
model developed on this project
between 1982 and 1986; namely the
minimization of the aggregate Mean
Supply Response Time (MSRT).

A realistic simulation model of the
Navy’s repairable inventory
management process was successfully
developed this past year, with the
help of an OR thesis student, which
allowED determination of the
empirical time-weighted distributions
for the inventory position (IP) and
the net inventory levels. This model
reflects the time a carcass is in
repair as the measured repair turn-
around time (RTAT) and allows a batch
to be phased into repair, one unit at
a time. As each ~arcass is
successfully repaired, both the IP
value and the net inventory value are
adjusted to reflect that fact. 1In
addition, carcasses which fail to be
repaired are discharged from repair
as soon as they are inducted and the
IP is updated at that time.
Simulation results have provided two

important results; a means for
defining safety stock for repairable
item inventories and a confirmation
of a model for IP derived two years
ago.

In addition to the repairable item
replenishment model, work continued
on the development, with the help of
three thesis students, of a queuing

model for the Navy’s process of
handling carcasses being returned
from the customer (called the

Advanced Traceability and Control
(ATAC) system). A year’s worth of
ATAC data was analyzed in two
different theses: the first looked at
an average item and the second
subdivided the items into the major
cognizance groups.

THESES DIRECTED: Pritchard, J.W.,
LCDR, USN, "The Advanced Traceability
and Control System Performance Data

Analysis," Master’s Thesis, June
1992.

Mahaffey, V.G., LT, USN and R.A.
Walker, LT, USN, "An Analysis to

Specific Cognizance Symbol Material
in the Advanced Traceability and
Control (ATAC) Program," Master’s
Thesis, December 1992.

YSI F THE C
IMPROVEMENT ANALYSTS
A.W. McMasters, Professor of Operations Research and
Administrative Sciences
Department of Administrative Sciences
Sponsor and Funding: Naval Air Systems Command

OBJECTIVE: A continuing project to
develop models to predict the savings
in life-cycle costs of proposed
engineering changes intended to
improve reliability, maintain-
ability, and sustainability of
engines for Naval aircraft.
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SUMMARY : An important element of
aircraft logistical support is the
aircraft engine Component Improvement
Program (CIP). The CIP is essential
for the continuing evolution of these
engines. This project is looking for
ways to justify that program. The
approach is two-prolonged. The first




phase is to examine the current life-
cycle cost models used by Air Force
and the Navy to show expected savings

from a specific improvement.
Consideration of the Air Force model
is being done because that service
has been more successful in obtaining
support for its CIP than the Navy.
In addition, a better model than
either of these is being sought. The
second phase is to validate the
logistics effectiveness of the CIP by
looking at historical data. That may
also suggest ideas for an improved
model.

This Year sensitivity analyses of the
Navy and Air Force models were
performed and a User’s Manual for the
GE version of the Air Force model was
developed, These are important steps
towards understanding the models’
assumptions. Data analyses of the J-
52 engine were conducted to determine
what connection there could be made
between failures due to fuel nozzle
problems were also studied.

THESES DIRECTED: Crowder, G.L., LT,
USN, “Evaluation of the Cost
Effectiveness Analysis Model Being
Developed for the Component
Improvement Programs of the Air Force

and the Navy,' Master’s Thesis, June
1992.

Baldwin, R.P., LCDR, USN, "Aircraft
Engine Reliability Analysis Using
Lower Confidence Limit Estimate
Procedures, " Master’s Thesis,

December 1992.

Butler, R.S., LCDR, USN, "Preliminary
Analysis of the J-52 Aircraft Engine
Component Improvement Program, "
Master’s Thesis, December 1992.

Clague, D.G., LT, USN, "A User’s
Manual for the General Electric
Aircraft Engines Cost Effectiveness
Analysis Model, (GE CEAMOND) , "

Master’s Thesis, December 1992.
Gordon, L.B., LCDR, USN, "An Analysis
of the Correlation Between the J-52
Engine Component Improvement Program
and Improved Maintenance Parameters,"
Master’s Thesis, December 1992.

Martens, S.L., LT, USN, "Estimating
Characteristic Life and Reliability
of an Aircraft Engine Component

Improvement in the Early Stages of
the Implementation process,'" Master’s
Thesis, December 1992,

1 RESEARCH E

I D

PMENT PLAN

A.W. McMasters, Professor of Operations Research and
Administrative Sciences
Department of Administrative Sciences
Sponsor and Funding: Carderock Division,
Naval Surface Warfare Center

OBJECTIVE: To conduct a preliminary
study to assess the estate-of-the-art
of Navy-related Operations Research
logistics models in an attempt to
identify areas where further model
developments is needed. The full
spectrum of models from weapon system
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integrated logistics support to
operational logistics is to be
examined.

SUMMARY : Since World Wwar II,
logistics research ‘has received

considerable attention and has lead




to Operations Research methodologies
for solving a wide variety of
logistics problems. Much of the
continuing evolution of logistics
models 1is being documented in
professional journals. However, most
of this research is not focused on
military and, in particular, Navy
logistics issues. And not all
military logistics research is
reported in the open literature.
There are several organizations
within the military services and in
the private sector which have worked
on such problems. Meetings with
these agencies were held during
August and September. The conclusion
reached was that, with the exception
of the Naval Postgraduate School,
only very minor Navy-related OR
modeling efforts are being conducted.

Five years have been identified for
which the need is most pressing for

OR logistics models:
prediction of new and existing
complex systens; readiness-based
sparing models for repairables which
allow batching for procurement and
repair; inventory location and
transportation models to help decide
stock positioning under a reduced
infrastructure; underway
replenishment models for helping to
reduce the time that battle group is
not available for combat; and a
logistics tasking order model for
scheduling and coordinating logistics
support for task force and joint
operations.

reliabilicy

These modeling efforts must consider
the current constrains imposed by the
Navy’s new strategic plan ("..From
the sea"), the Defense Management
Review Decisions and the moves
towards Jjoint services logistics
management .

INVESTIGATION AND EVALUATION OF COST

O0.D. Moses,

Associate Professor

Department of Administrative Sciences
Sponsor: Naval Sea Systems Command, Cost
Estimating and Analysis Division
Funding: Naval Postgraduate School

OBJECTIVE: This project continues
the investigator’s program of
research on the performance of

various cost estimating methods and
models. The goal of this year’s
project was to assess the degree to
which particular statistics were
indicative of the predictive ability
(accuracy) of selected learning curve
type cost models.

SUMMARY: A simulation approach was
used to create data reflecting series
of unit costs of weapon systems
acquired under varying conditions.
Alternative cost models were fit to
the data and statistics indicating
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the closeness of fit were observed.
Then the models were used to forecast
future cost and the accuracy of the
cost forecasts was measured. The
central question was whether fit
statistics were good indicators of
the forecasting ability of a model.
Finding revealed which fit statistics
best signaled model accuracy, and
under which conditions.

PUBLICATION: Moses, 0.D., "On the
Reliability of Indicator of Learning
Curve Models Accuracy," Naval
Postgraduate School Technical Report
No. NPS-AS-92-16, July 1992.
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COMFERENCE PRESENTATIONS: Moses,

0.D., “An Investigation of Learning
Curve and Rate Adjustment Model
Bias," Decision Sciences Institute
National Meeting, Miami, FLA,

November 1991.

Moses, 0.D., "Learning Curve and Rate
Adjustment Models: Evidence on
Accuracy and Bias," Society of Cost

Estimating and Analysis National
Conference, Washington, D.C., July
1992.

Moses, O0.D., "An Investigation of

Indicators of Cost Progress Model
Accuracy," 26th Annual DoD Cost
Analysis Symposium, Washington, D.C.,
September 1992.

Moses, 0.D., "On the Reliability of
Indicators of Learning Curve Model
Accuracy," Decision Sciences
Institute National Meeting, San
Francisco, CA, November 1992.

THESIS DIRECTED: Tagg, D.A., CAPT,
USMC, “Evaluating the Bias of
Alternative Cost Progress Models,"”
Master’s Thesis, December 1992.

A.1 RNOWLEDGE-BASED SUPPORT FOR

SYSTEMS DESIGN AND MAINTENANCE
B. Ramesh, Assistant Professor
Department of Administrative Sciences
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: The objective of this
research is to develop an environment
to support various stakeholders
involved in systems development by
reasoning with design rationale
knowledge.

SUMMARY : Support for various
stakeholders involved in software
projects (designers, maintenance
personnel, project managers and
executives, end users) can be:

provided by capturing the history of
about design decisions (or process
knowledge) in the early stages of the
systems development lifecycle. This
research project builds on our
earlier work in which a conceptual
model characterizing the wuse of
design rationale knowledge to objects
that are created during the systems
development process. We have
developed a prototype system based on
our model that can provide assistance
to the various stakeholders involved
in the design and management of large
systems. various activities for
which support is provided include the
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following areas: capturing design
rationale, reuse of design knowledge
components, domain knowledge
acquisition, design synthesis, design

decision support, maintenance of
changing requirements, process
knowledge reuse, design replay,
temporal reasoning in project
management.

PUBLICATIONS: Ramesh, B. and V.
Dhar, "Supporting Systems Development
Using Knowledge Captured During
Reguirements Engineering," IEEE

Transactions on Software Engineering,
June 1992.

Ramesh, B. and V. Dhar, "Group
Support and Change Propagation in
Requirements Engineering,'" in Jarke
M. (Ed.): Development Assistance for
Interactive Database Applications",

Springer-vVerlagq, Hidelberg. Fall
1992.
Ramesh, B. and V. Dhar, "“Applying

Artificial Intelligence to Software
Problems in REMAP project," in




Artificial
Symposium

Intelligence Spring
on Computational

proceedings of the IEEE Conference on
AI Applications workshop on Applying

Al to Software Problems, Monterey, Considerations in Modification and
CA, January 1992. Reuse, Stanford, CA, March 1992.

Ramesh, B. and V. Dhar, "Process THESIS DIRECTED: Stenzoski, J.J.,
knowledge Based Modification in LCDR USN, "X Windows Applications

Extensions using the Andrew Toolkit,"
Master’s Thesis, September 1992.

Systems Development," in proceedings
of the American Association for

COMPLEX TRACEABILITY TECHNIQUES

FOR LARGE SCALE SYSTEMO
B. Ramesh, Assistant Professor

Department of Administrative Sciences
Sponsor and Funding: Naval Surface Warfare Center,
Dahlgren Division

OBJECTIVE: The objective of this
research is to develop a model of
requirements traceability to support
various stakeholders in large scale
systems development.

SUMMARY : Development of complex,
mission critical systems involves
modification, refinement and
evolution of initial requirements
that lead to design solutions. 1In
order to provide intelligent and
useful support to the process of
design and maintenance, a formal
representation of the linkages
between the design solutions and the
requirements is essential. A
comprehensive traceability scheme
should no only identify traceability
linkages to be maintained, but also
provide the mechanisms to support use
such a model and mechanisms by
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studying the current practices and

techniques for requirements
traceability and by identifying
desired features in an ideal

requirements traceability model and
tool.

PUBLICATIONS: Ramesh, B. and M.
Edwards, “YAn Initial Model ©of
Requirements Traceability," in
proceedings of the Workshop on

Complex Systems Design, Naval Surface

Warfare Center, Silver Springs, MD,
September 1991.

THESIS DIRECTED: Abbott, Ann, LT,
USN and Mona Busch, LT, USN, "an
Investigation of Requirements
Traceability to Support Systems
Development, " Master’s Thesis,

September 1992.
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N.C. Roberts, Associate Professor
K. Sengupta, Assistant Professor
Department of Administrative Sciences

Sponsor:

Naval Oceans Systems Center, San Diego

Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
was to investigate how individuals,
groups and organizations make
decisions in military and DoD related
contexts at both the strategic and
operational levels of analysis and to
make recommendations for improvement.

SUMMARY : This research cautions
against the transfer of ‘'lessons
learned" from business decision
making research and practice to

organizations like the DoD/DoN with
their special missions and mandates.
Decision making in strategic and
operational settings, especially
under combat conditions, requires a
decision approach geared to these
unique contexts and situations.

PUBLICATIONS: Entin, E., D. Serfaty,
D. Kleinman, and K. Sengupta,
"Identification Error Under Stress in
Navy Teams," Proceedings of the
Annual Conference of the American
Psychological Association,
Washington, D.C., August 1992.

Roberts, N.C. "Reconstructing Combat

Decisions: Reflections on the
Shootdown of Flight 655, NPS
Technical Report, NPS-AS-93-008,

October 1992.

Serfaty, D., Sengupta, K., Kleinman,
D.L., Song, A., and Deckert, J.,
"Hierarchical Decision Making and

Resource Allocation in Command
Teams," Proceedings of the IEEE
Conference on Systems, Man and
Cybernetics, Chicago, 1IL, October
1992.

CONFERENCE PRESENTATIONS: Bradley,
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R.T., and N.C. Roberts, "Dynamics of
Collective Organization," paper
presented to the International
Sunbelt Network Conference, San
Diego, CA, 14-17 February.

N.C. Roberts, '"Strategic Planning in
Public Bureaus," presentation to the
Navy TQL Executive Leaders Seminar, 9
January 1992.

N.C. Roberts, "Reflections on the
Shutdown of Fight 655," presentation
to the 9th Annual Conference on C2
Decision Aids. Luncheon Speaker with
Captain Will Rogers, 8 June 1992.

THESES DIRECTED: Kinney, B.C., and
Symunds, S.B., "“Achieving Just-in-
Time Inventory Management at Naval
Hospital, Oakland,'" Master’s Thesis,
December 1992.

Herrera, E.A., "Central Factors
Affecting Purchasing and Contracting

at Marine Corps Air Stations:
Historical, Doctrinal, and
Regulatory, " Master’s Thesis,

December 1992.

Dotterway, K., '"Systematic Analysis
of Complex Dynamic Systems: The Case
of the USS Vincennes," Master’s
Thesis, June 1992.

Ford, J.P., "Voluntary Separation and
Early Retirement Plans: A Survey of
Naval Postgraduate School Lieutenant

Commanders,'" Master’s Thesis, June
1992.
Broadwater, D.G., "SMMA Development
Case Study," Master’s Thesis, June
1992.




Frew, J.L., "Method for Implementing
Computer Aided Software Engineering

(Case) Tools at Fleet Numerical
Oceanography Center," Master’s
Thesis, March 1992.

Lane, C.J., and J.W. Monk, "Decision

Making in Military Command Teams: An
Experimental Study," Master’s Thesis,
March 1992.

Krotow, G., "The Impact of Cognitive

Feedback on the Performance of
Intelligence Analysts," Master’s
Thesis, March 1992.

OTHER: Sengupta, K., D. Klinman, and
D. Serfaty have submitted the Impact
of Uncertainty in Resource Allocation
Decisions in Naval Command Teams: An
experimental Investigation" to IEEE
Transactions on Systems, Man, and
Cybernetics.

CASE STUDIES
J.G. San Miguel, Professor
Department of Administrative Sciences
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: This field research
examines numerous issues involving
the Department of Defense’s design
and implementation of unit costing to

provide resources to defense
activities.
SUMMARY : The easing of tension

between the Soviet Union and the U.S.
coupled with the rising federal
deficit and a change in
administrations have brought about
several Department of Defense
initiatives to improve management
planning and control across defense
activities. Two of these initiatives
are: the consolidation of similar
activities across the armed services,
and the use of total cost per unit of
output to resource defense activities

such as supply depots, recruiting,
training, commissaries, etc. This
field research examines the

management issues involved in the
design and implementation of unit
costing for the prototype
consolidation of the physical
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distribution or supply activities.
Individual supply centers’ managers
and DoD officials will be contacted
as well as performing data collection
and analyses. This project was
funded for one month, June 1992.

OTHER: Abrams Company and Seaside
Naval Shipyard.

THESES DIRECTED: Bruhn, D.D., LT,
USN, "The Costs/Benefits of Opening a
Skilled Nursing Facility at Naval
Hospital San Diego,” Master’s Thesis,
June 1992.

Doyle, G., LT, USN, "Cost Estimation
of Software Development and
Implications for the Program
Manager," Master’s Thesis, June 1992.

Berchtold, D., LT, USN, and D.
Danner, LT, USN, "Utilities Cost
Comparison Analysis Between A Public
Works Center and Non-DoD Sector,”
Master’s Thesis, December 1992.




SIRATEGIC PROFIT ANALYSIS
J. G. San Miguel, Professor
Department of Administrative Sciences
Sponsor: None
Funding: Unfunded

OBJECTIVE:
to develop a new approach to profit
variance analysis that incorporates

This research project is

cost
and

new theories concerning
definitions, aggregation,
competitive analysis.

SUMMARY: Conventional cost-volume-
profit analysis and profit variance
analysis has been criticized because
of the underlying cost behavior
assumptions and unrealistic decision

horizon. Given recent changes in
cost definitions, cost disaggregation

theories, and use of value added
factors, a new framework is needed to
meet the challenges of global
competition and information
technology.

OTHER: Bridgewater Castings, Inc.,
(Revised) December 1992; Emerson

Electric Company, September 1992.

Norman F. Schneidewind, Professor
Department of Administrative Sciences
Sponsor and Funding: Strategic Systems Department Naval Surface
Warfare Center, Dahlgren, VA 22448

OBJECTIVE: 1) Investigate whether
the Schneidewind software reliability
model can be used to formulate test
strategies; 2) Investigate whether
criteria can be identified to
optimally determine the starting
point of using the failure data in

order to provide the greatest
prediction accuracy of future
failures.

SUMMARY: 1) A strategy for testing

was developed by allocating test
execution time in a given test
interval for a given module according
to the ©proportion of failures
predicted for the module to the total
number of failures predicted across
modules. 2) PFour criteria were
evaluated for determining the optimal
staring interval for the use of
failure data. It was found that the
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mean square error criterion was the
most consistent of the criteria in
identifying the optimal starting
interval for both predicted
cumulative failures and time to next
failure.

PUBLICATIONS: Schneidewind, N.F.,
and T.W. Keller, "“Application of
Reliability Models to the Space
Shuttle," IEEE Software, July 1992
pp. 28-33.

CONFERENCE
Schneidewind,

PRESENTATIONS:

N.F., .Panel:
"Collection and Application of
Software Quality Data," Third
International Symposium of Software
Reliability Engineering, Raleigh, NC,
October 1992, pp. 283-284.

Schneidewind, N.S., "“Application of




Assessment Techniques Throughout the
System Development Process," 1992
Complex Systems Engineering Synthesis
and Assessment Technology Workshop,

Naval Surface Warfare Center, White
Oak, MD, 21 July 1992.

Schneidewind, N.F., "A Software
Reliability  Model with Optimal

Selection of Failure Data," Computer
Science Symposium, University of
Houston, TX, 5 November 1992.

N.F., “"a Software
Reliability Model with Optimal
Selection of Failure Data,' IBM
Federal Sector Services Corporation,
Houston, TX, 4 Novewber 19922.

Schneigdewind,

Schneidewind, N.F., "Overview of the
Schneidewind Software Reliability
Model," NASA, Houston, TX, 4 November
1992.

Schneidewind, N.F., "Applying
Reliability Models to the maintenance
of Space System Software," Software
Process Improvement Network,
University of California, Irvine, CA,
31 July 1992.

Schneidewind, N., "Applying
Reliability Models to the Maintenance

of Space Shuttle Software, "
Proceedings of the NASA/Goddard
Software Engineering Laboratory
Seventeenth Annual Software

Engineering Workshop, Greenbelt, MD,
2 December 1992.

N. Schneidewind, ''Reliability Models
and Metrics for Space Shuttle
Maintenance," (Position Statement),
Conference on Software Maintenance,
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1992, Orlando, FLA,
pp. 386.

12 November 1992,

Keller, T.W. and N.F. Schneidewind,
“"Applying Reliability Models to the
Maintenance of Space Systems
Software," Proceedings of the 1992
International Simulation Technology
Conference, 4-6 November 1992, Clear
Lake, TX., pp 273-278.

Schneidewind, N.F., Panel on American
Institute of Aeronautics and
Astronautics Recommended Practice for
Software Reliability: Overview,
Proceedings of the Third
International Symposium on Software
Reliability Engineering," Raleigh,
NC, 3 October 1992, pp. 124-125.

Schneidewind N.F. and T. W. Keller,
"Application of Software Reliability
Models to Space Systems,'" Fourth
Annual Laboratory Software Quality

Workshop, 5 August 1992. This paper
was aliso reported in the Data
Analysis Center for Scftware
Newsletter, Vol. XI, No. 1, Fall
1992.

Schneidewind, N.F., "Methodology for

valideting Software Metrics,"
Proceedings of the 1992 Complex
Systems Engineering Synthesis and

Assessment Technology Workshop, Naval
Surface Warfare Center, white Oak,
MD, 21 July 1992, pp. 171-199.

Schneidewind, N.F.,
Reliability Models for Developing
Test Strategies," proceedings of the
Fourth Annual Oregon Workshop on
Software Metrics, Silver Falls, OR,
23 March 1992.

"Using Software
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Norman F. Schneidewind, Professor
Department of Administrative Sciences

Sponsor and Funding:

U.S. Army Operational Test and Evaluation

Command CSTE-POC Park Center IV, Room 1050
4501 Ford Avenue, Alexandria, VA 22302-1458

OBJECTIVE: Validate and Apply
Software Quality Metrics for the STEP
Program.

SUMMARY : A comprehensive metrics
validation methodology was developed
that has six criteria, which support
the quality functions assessment,
control and prediction, where gquality
functions are activities conducted by
software organizations for the
purpose of achieving project quality
goals. Six criteria have been
defined and illustrated:
association, consistency,
discriminative power, tracking,
predictability and repeatability. It
was shown that non -parametric
statistical methods like the
contingency tables play an imp.rtant
role in evaluating metrics against
the validity criteria. A metrics
validation process was defined that

integrates quality factors, metrics
and guality functions.
PUBLICATIONS: Schneidewind, N.F.,

"Methodology for Validating Software

Metrics," IEEE Transactions on
Software Engineering,” May 1992,
PP.410-422.

Schneidewind, N.F., Editor, IEEE

Standard for a Software Quality
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Metrics Methodology, P1061,D24,
1, 1992 (Technical Report).

May

Schneidewind, N.F., "Minimizing Risks
in Applying Metrics on Multiple
Projects,'" Proceedings of the Third
International Symposium on Software
Reliability Engineering, Raleigh, NC,
9 October 1992, pp.173-182.

Schneidewind, N.F., "Experimental
Designs for Validating Metrics and
Applying them across Multiple
Projects," Proceedings of the
Experimental Software Engineering
Issues Seminar, Dagstuhl Castle,
Germany, 14-16 September 1992,
Springer-Verlag.

CONFERENCE PRESENTATIONS:
Schneidewind, N.F., "Minimizing Risk
in Applying Metrics on Multiple
Projects," Florida Atlantic
University, Department of Computer
Science and Engineering, 13 November
1992.

Schneidewind, N.F., "Status of

Software Metrics: Methodology and
Validation," University of California
at Berkeley, Department of Electrical
Engineering and Computer Sciences,
Computer Science Colloguium, 11 March
1992.




George W. Thomas, Associate Professor

Daniel R. Dolk, Associate Professor

Department of Administrative Sciences
Sponsor and Funding: U. S. Army Research Institute

OBJECTIVE: To Assist the Deputy
Chief of Staff of the Army for
Personnel (DESPER) in defining the
personnel system of the future.
Database and analytical modeling

requirements will be identified to
support manpower policy analysis for
the Army Future Personnel System.

SUMMARY : A new Global military
balance coupled with domestic
budgetary constrains is necessitating
an evolution of the Army Persomnel
system. The Army Future Personnel
System will require a more fluid and
integrated use of data and modeling

resources. Whereas current models
(e.g. PCS model, company rotation
model, and £fill rate optimization

models) have been developed by
disparate organizations with a
resultant loss of data uniformity

and inter-operability, the personnel
models of the future must be
integrated to reflect the steady
state Army of the future and to
support personnel management from a
total force and total systems
perspective. Current models need to
be assessed for their strengths and
weaknesses. A requirement analysis
is being conducted to ascertain
existing and desired model and data
resources, and to assist in planning
a migration path from the current

human resource policy analysis
environment to the desired one. This
project was instituted September
1992,

NAVAL, POSTGRADUATE SCHOOL RESEARCH

RT

R

George W. Thomas, Associate Professor
Daniel R. Dolk, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: Army Reserve Personnel Center

OBJECTIVE: To establish and umbrella
research effort on the part of a
group of NPS faculty to support the
on-going research needs of ARPERCEN.

SUMMARY : This relationship was
initiated in September 1992. We
currently are working with the
sponsor to develop a plan. Some

elements of the study plan will be
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funded under the current umbrella.
Other elements will be the basis for
a long term relationship to ARPERCEN.
The purpose of the first pro-project
under this umbrella relationship is
to develop a study plan for
quantitatively identifying segments
of the prior service market for
personnel who have left the active
component within two years.




George W. Thomas, Associate Professor
Daniel R. Dolk, Associate Professor
Department of Administrative Sciences
Sponsor and Funding: Strategic Logistics Agency

OBJECTIVE: To establish an umbrella
research effort on the part of a
group of NPS faculty to support the
on-going research needs os SLA.

SUMMARY : The Strategic Logistics
Agency is responsible for performing
developmental design, analysis and
testing to determine the most
efficient methods for modernization
of the supply, maintenance,
transportation, provisioning,
distribution and service functions of

existing and emerging 1logistics
automation systems. Opportunities
exist for research in logistics,
information systems, Cc3, and
economics. This project was
initiated in September 1992. Twenty
two proposals were received in

response to our internal solicitation
of NPS faculty. They were reviewed
by the sponsors and three integrated
projects currently are in the process
of being funded for faculty in the AS
and OR Departments.

E

Dani Zweig, Assistant Professor
Department of Administrative Sciences
Sponsor: SEER Technologies
Funding: Naval Postgraduate School

OBJECTIVE: This is the continuation
of an empirical research project,
whose purpose 1is to identify (and
quantify) factors which determine the
success of efforts to reuse existing
software for new application systems.

SUMMARY: We have been studying two
sites (one investment bank and one
retailer) which are using an
integrated. Object-based CASE
development environment. In the past
year the emphasis was on comparing
the sites’ different management
approaches to software reuse.
Although they were quite different -
the bank choosing a more lazes-faire
policy and the retailer attempting to
monitor and control reuse- the sites
achieved almost identical levels of
success. Our earlier research gave
us a number of testable hypotheses to
explain these results, and this past
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year we were able to obtain data from
the sites’ object-repositories and to
quantitatively test these hypotheses.
The success of both programs of
software reuse was greater than we
had initially estimated, but both
were constrained by a need for better
search and classification mechanisms.
This accords with generally held

opinions about software reuse, but
there has previously been little
empirical work to support those
opinions.

CONFERENCE PRESENTATIONS: Banker,
R.D., R.J. Kauffman, and D. 2Zweigq,

"The Integral Tool: An Automated
Approach to Repository Evaluation and
Software Asset management," second
MITRE Software Engineering Economics
Conference, 13 July 1992.

OTHER: ‘"Automating Output Size and




Reusability Metrics in an Object- conference presentation was requested
Based CASE Environment," is under for a forthcoming book, and is
review at IEEE Software Transactions, currently being written.

and an article based upon the
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Faculty Publications
and Presentations




TECHNICAL REPORTS

Bhargava, H. and Kang, K., "Policy and Modeling Altenatives for Fleet Mix
Planning the U. S. Coast Guard," Research Report, 1992.

Boger, D.C. and Liao, S.S., "Aircraft Modifications Cost Analysis, Volume 7:
Availability and Reliability of Aircraft Modification Cost Data from the Naval
Aviation Depots," NPS Technical Report, NPS-AS-93-011PR, November 1992.

Boger, D.C. and Liao, S.S., "Aircraft Modifications Cost Analysis, Volume 9: The
B-1B Offensive Avionics System Modification," NPS Technical Report, NPS-AS-92-
012PR, March 1992.

Boger, D.C. and Liao, S.S., "Aircraft Modifications Cost Analysis, Volume 8: The
B-52 Strategic Radar Modification," NPS Technical Report, NPS-AS-92011PR,
February 1992.

Boger, D.C. and Liao, S.S., "Aircraft Modifications Cost Analysis, Volume 10: The
KC-135R Engine Modification, " NPS Technical Report, NPS-AS-~009PR, October 1992.

Crawford, A.M., "A Profile of Scientist and Engineer Training at the Naval
Avionics Center 1981 to 1991," NPS Technical Report, 1992.

Crawford, A.M. and Gregory, M.L., "Evaluvation of The Training System for
Scientists and Engineers at the Naval Avionics Center,'" NPS Technical Report,
1992.

Crawford, A. M. and Hocivar, S.P., "Employee Perceptions of Selected Management
Training Courses at the Naval Avionics Center,' NPS Technical Report, NPS-AS-92-
014PR, 1992.

Eitelberg, Mark J. and Mehay, Stephen L., 'The Shape of Things to Come: Trends
and Projections Affecting Military Recruiting and Manpower in the 21st Century,
NPS Technical Report NPS-AS-92-023, 1992.

Eitelberg, M. and Mehay, Stephen L., '"The Shape of Things to Come: Trends and
Projections Affecting Military Recruiting and Manpower in the 21st Century," NPS
Technical Report, NPS-AS-92-023, 1992.

Hocivar, S. P., "Culture Gap Study, 1990-1992," NPS Technical Report, NPS-AS-92-
024PR, August 1992.

Jones, L.R., McCaffery, J.L. and Kackson, R., "A Comparison Graduate Financial
Management Programs Offered in U.S. institutions of Higher Learning." NPS
Technical Report, August 1992.

Jones, L.R., "Financial Management Reform in the Federal Government," NPS

Technical Report, NPS-AS-92-04, August 1992, (co-authored with J.M. McCaffery and
J. Shields).
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Mehay, S. and Swibies, G., "USAR Recruiting and Manpower in the 21st Century."
NPS Technical Report, 1992.

Moses, O. D., "On the Reliability of 1Indicator of Learning Curve Models
Accuracy," NPS Technical Report NPS-AS-92-16, July 1992.

Schneidewind, Norman F., Editor, "IEEE Standard for a Software Quality Metrics
Methodology,'" Technical Report P1061,D24, 1 May 1992.

Sohn, S. Young, '"An Application of Growth Curve Analysis to the Ammunition
Deterioration Model," NPS Technical Report NPS-OR-92-013, 1992.

Sumner, J.D. and Kang, K., "Analysis of Material Handling Equipment for Maritime
Prepositioning Ships (MPS) Offloading," NPS Technical Report, NPS-AS-92-018,
April 1992.

whitaker, L. and Bailey, M.P., "Pyrotechnic Device Reliability," NPS Technical
Report NPS-OR-92-05, 1992.

JOURNAL ARTICLES

Bailey, M.P., Bartoli, M., Kang, K., and Callahan, A.J., "Establishing
Reliability Goals for Naval Major Caliber Ammunition," Naval Research Logistics,
Vol 39, 1992, pp. 877-892.

Doyle, R. and McCaffery, J.L., "The Budget Enforcement Act-One Year Later,"
Public Budgeting and Finance, 11/3, 1992.

Evered, Roger and Tanenbaum, R., "A Dialog on the Nature of Dialog," Journal of
Mangement Inquiry, February 1992, pp. 43-45.

Evered, Roger, Vail, P. and McWwhinney, W., "A Dialog Between Reviewers,'" Journal
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DEPARTMENT OF
AERONAUTICS AND ASTRONAUTICS

The research program in the Department of Aeronautics and Astronautics is
the product of the activities of the Department’s five technical groups; namely,
Aerodynamics, Structures, Propulsion, Flight Mechanics and Controls, and System
Design (both air and spacecraft). Within, and across, these technical
disciplines, the research effort is focussed on topics of critical importance to
Navy and other military weapons systems. With the exception of one project by
Professor Biblarz, which involves wind tunnel tests and analysis to explain
errors in the Navy’s Service Aircraft Instrumentation Package (SAIP) for NAWC,
Point Magu, the Department’s research activities are concentrated in the
following areas:

F18, X31, HIGH-ALPHA AERODYNAMICS AND ENHANCED AIRCRAFT
MANEUVERABILITY STUDIES

Initiated concurrently with the Navy’s X31 research aircraft project, a
collaborative effort by Professors Platzer, Chandrasekhara, Ekaterinaris and
Hebbar is underway to investigate the flow behavior around current and proposed
fighter configurations during high angle of attack maneuvers. The effort
involves both experimental and advanced computational (CFD) tasks conducted at
NPS and at NASA Ames Research Center through the auspices of the NPS-Ames Joint
Institute. Low speed wind and water tunnel studies have been carried out at NPS
with an X-31A-like fighter model (with and without oscillating canards), double
delta and YF-17 aircraft models. The latter study complimented full-scale F/A-18
tests in the Ames 80x120 ft wind tunnel. Experiments to establish
compressibility effects of dynamic stall are conducted at Ames. Methods to
predict the complex flow structures and resulting unsteady forces and movements
are under development using both Navier-Stokes and Viscous-Inviscid Interaction
approaches. 1In a separate effort carried out at NPS by Professor Howard, the
canard-vortex/wing-vortex interaction of a close-coupled canard aircraft
configuration was visualized and probed in a low speed wind tunnel to explain the
underlying mechanism for achieving enhanced 1ift. Both static and oscillating
canards were investigated. Presently, pneumatic flow control of strake vortices
is being studied.

HIGH-ANGLE-OF-ATTACK MISSILE AERODYNAMICS

In support of the Naval Air Warfare Center-China Lake, Professors Platzer
and Ekaterinaris are developing Navier-Stokes solutions for turbulent flow over
missile configurations in steady and unsteady high angle of attack flight at
subsonic, transonic, and supersonic Mach numbers. Also, a canard-controlled
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missile was tested in the NPS low speed wind tunnel to determine its high-angle-
of-attack aerodynamic characteristics.

ADVANCED HELICOPTER STUDIES

A program led by Professor Wood has four areas. First, higher harmonic
control (HHC) for helicopters is being studied using flight test results obtained
earlier in a NASA/Ames/Hughes HHC flight test program. HHC is an active control
system which promises vastly reduced structural vibrations, and radiated noise,
and potentially improved performance. Second, the no tail-rotor (NOTAR) concept
is being examined and scale models of alternate concepts have been built for
testing. Third, the use of radio-controlled scale model flight testing is being
evaluated as a tool for helicopter R&D. Finally, computer flight simulation is
being applied to both full scale and UAV scale model helicopters. In a separate
study, aimed at the '"retreating blade" problem, Professors Chandrasekhara and
Platzer are conducting unique experiments to examine the effects of
compressibility on the dynamic stall of oscillating airfoils with a view to
eventually controlling the stall of the retreating blade.

UNMANNED AIR VEHICLE (UAV) TECHNOLOGY

In support of the Navy’s lead role in the development of UAV’s, Professor
Howard has developed a UAV laboratory at NPS which now contains nineteen vehicles
for flight or wind tunnel tests. The broad goal is to develop technologies and
techniques applicable to UAV’s, including Maritime, Close-Range and Vertical
Takeoff & Landing (VIOL) types. In this past year, the design, construction and
testing of a full scale VIOL UAV was initiated. Current focus,. jointly with
Professor Kaminer, is on flight controls and stability augmentation for this
unique vehicle configuration. Also, studies which were completed of the
aerodynamics of the Pioneer UAV and of the handling qualities of other half scale
vehicles established by flight and wind tunnel testing, were reported. In a new
project sponsored by the UAV Joint Project Office, an evaluation of candidate
technologies for an Autonomous Landing, and Takeoff System (ALTOS) was carried
out by Professor Wood and his students, in association with a contracted study
at Orion Aviation Inc. Recommendations given in the final report included the
identification of promising technologies for further study.

IMPROVING AIR VEHICLE CONTROLS AND MILITARY APPLICATIONS OF NEURAL
NETWORKS

Track controllers for advanced air vehicles need to be robust.
Professor Kangner has begun a study of the application of Hy, and a synthesis of
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H, and H, techniques to the design of such controllers. The development of

a methodology to properly implement gain-scheduled controllers in the air vehicle
system is identified as a primary goal. A second effort is to investigate the
application of the sensor and actuator failure detection and isolation (FDI)
techniques developed for automobiles to air vehicle systems. Also, the
development of a differential GPS/INS navigation system for automatic aircraft
landing is being initiated, and real-time hardware-in-the-loop simulation with
3D animation is planned. Following work on the X29 controller, Professor Collins
has extended his work on neural networks to two important Navy problems. In the
first, neural networks are being developed to identify transient sonar signals.
In the second, neural network technology is being applied to ionspheric modeling
and to PMA operator training. Also under investigation are adaptive controllers
based on neural networks for reconfigurable fighter aircraft.

FAILURE AND LIFE PREDICTION FOR ADVANCED COMPOSITE AND AGING
ALUMINUM VEHICLE STRUCTURES

Increased use of composite structures in all weapons platforms requires that
there be developed reliable predictive methods for failure and probable
structural life. Professor Wu has undertaken this fundamental problem using an
analytical approach which separates fiber, matrix and interface mechanisms, and
uses carefully controlled experiments to establish necessary statistical strength
and life data. A unigue new laboratory for composites has been established at
NPS and the first successful research results were recently reported. The
important problem of predicting fatigue lifetimes of current Navy Aircraft,
including the A-6 and SH-60B is the goal of Professor Lindsey’s research efforts.

ADVANCED AIRCRAFT ENGINE AND MISSILE PROPULSION STUDIES

Currently in its second phase, the goals of the third phase of the (tri-
service) Integrated High Performance Turbine Engine Technology (IHPTET) Program
can only be reached by achieving very significant performance and weight advances
in each of the engine components. Advancing fan and compressor and turbine
aerodynamics (to allow higher-blade loading) is the focus of the work of
Professors Shreeve and Hobson at the Turbopropulsion Laboratory. The general
approach is to use the laboratory’s exceptional experimental facilities to
validate CFD codes being developed for use in advanced design. The off-design
and stalling behavior of controlled-diffusion compressor blading is being
measured in a very large-scale subsonic cascade wind tunnel. The alleviation of
shock boundary-interaction losses is being studied in a transonic blow-down wind
tunnel model simulation of the flow through fan passages. The details of flow
in the tip region of high speed turbines is to be studied using, as a tool, the
Space Shuttle Main Engine fuel xmp turbine and an annular cascade. Two- and
three-dimensional traversing Laser Doppler Velocimeter (LDV) systems have been
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developed for velocity field mapping. The development of successful diagnostic
techniques to resolve small scale three-dimensional effects near to walls is
necessary to achieve the goals of this and the IHPTET program.

Professor Netzer’s work at the Combustion Laboratory has two thrusts
relating to missile propulsion. First, toward IR signature reduction, under Air
Force Sponsorship, a technique for evaluating the effects of rocket motor chamber
conditions and fuel additives on the emissivity of the plume is being developed.
The study involves experiments in which plume particle size and concentration
measurements are made and plume radiation is compared with computational code
predictions. Second, under Navy sponsorship, a number of advanced ramjet
propulsion ideas are investigated experimentally. These include supersonic
combustion with solid fuels, ignition and plume characteristics with boron/boron-
carbide fuel and investigations relating to the combustion of metallized slurry
fuels.

SPACECRAFT AND SPACE-BASED WEAPONS

The dynamics and control of spacecraft is the focus of Professor Agrawal’s
research. The application of piezoelectric actuators and sensors in actively
suppressing vibrations in flexible spacecraft structures has been demonstrated
in laboratory experiments. Several control techniques have been studied for the
slew maneuver of flexible spacecraft and first experimental and analytical
results were published recently. The Fltsatcom satellite installed at NPS (a
unique resource) will be used to test command software for the Navy Satellite
Operation Center (NAVSOC). Professor Ross’ interests are directed toward the
optimization of trajectories within the atmosphere, such as would be important
to the design of Aerodynamically Assisted Orbital Transfer (AOTV) vehicles.
Toward practical space propulsion, Professor Biblarz has made significant
progress in understanding the thermionic breakdown which is an essential step
toward the optimum design of xenon ion engines. Towards high energy laser
weapons, the contributions of bound- clusters to mirror damage, and to the
operation of uncooled optics, are also being examined.

AIRCRAFT COMBAT SURVIVABILITY LETHALITY ASSESSMENT

Professor Ball originated the study of survivability at NPS 19 years ago
and has since provided technical support to NAVAIR and the Joint Technical
Coordinating Group on Aircraft Survivability (JTCG/AS) by providing 5 day short
(and "shorter", 2 day) courses and conducting analytical studies on specific
weapons systems. One recent classified project (as an example) involved
simulating several possible ordnance delivery profiles for the A-6 and F/A-18
aircraft using standard low drag and high drag MK 80 series bomks, and an
advanced bomb family, and determining the survivability of the aircraft for each
profile. Weapons data were provided by Naval Strike Warfare. Computer programs
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BLUEMAX, ESAMS and RADGUNS were used to determine delivery profiles and assess
survivability. Recently NAVAIR has sponsored the development of a survivability
and lethality assessment center within the NPS Wargaming Analysis & Research
Laboratory. To date extensive software packages have been loaded onto the
Laboratory’s Vax computer after hardware upgrades were made to the system. Also,
a study of the survivability of the F-~14A Tomcat in the overland strike role has
been carried out in association with the Naval Air Warfare Center-Weapons
Division.
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Funding: Naval Postgraduate Schoo

OBJECTIVE: The goal of this project
is to develop improved control
techniques for flexible spacecraft
and space robotics and validate them
by experimental tests. It is a
continuing project.

SUMMARY : The application of
piezoelectric actuators and sensors
in the vibration suppression of
flexible space = structures was
demonstrated experimentally. Damping
of the first structural mode was
increased by a factor 4 by using this
active control. Several control
techniques, proportional-derivative
control, reference trajectories, and
optimal control were evaluated
analytically and experimentally for
the slew maneuver of a flexible
spacecraft simulator. Reference
trajectory using sinusoidal torque
profile provided the best
performance. Thruster control was
also studied for slew maneuver. The
analytical and experimental results
are in good agreement.

PUBLICATION: Agrawal, B.N., "Dynamic
Characteristics of Liquid Motion in
Partially Filled Tanks of Spinning
Spacecraft, “ AIAA Journal of
Guidance, Control, and Dynamics,
(July-August 1993) Forthcoming.

CONFERENCE PRESENTATIONS: Hailey, J.,
C. Sortun and B. Agrawal,
"Experimental Verification of
Attitude Control Techniques for Slew
Maneuvers of Flexible Spacecraft,"”
AIAA 92-4456, Proceeding of 1992 AIAA
Guidance, Navigation and Control
Conference, Hilton Head Island, SC,
10-12 August 1992.
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Agrawal, B.N., H. Bang, and E. Jones,

“Applications of Piezoelectric
Actuators and Sensors in the
Vibration Control of Flexible

Spacecraft Structures," IAF-92-0319,
43rd Congress of the International
Astronautical Federation, Washington,
DC, 28 August - 5 September 1992.

Agrawal, B.N. and J. Hailey, "Optimal
Slew Maneuver of a Flexible
Spacecraft- Analytical and
Experimental Results," IAF-92-0024,
43rd Congress of the International
Astronautical Federation, Washington,
DC, 28 August - 5 September 1992.

Agrawal, B.N.," Attitude Control of
Flexible Spacecraft, "Proceedings of
International Symposium on Advances

in Aerospace Sciences and
Engineering, Banglore, India, 12-15
December 1992

Agrawal, B.N., "Liquid Dynamic
Characteristics in Spinning
Spacecraft," Presented at
International Conference on
Computational Engineering Science
(ICES’92) , Hong Kong, 17-22 December
1992.

THESES DIRECTED: Jones, E., LT, USN,
"Application of Active Damping of the

Attitude Control of Flexible
Spacecraft,” Master’s Thesis,
December, 1991.

Hailey, J. A., LT, USN,"Experimental

Verification of Attitude Control
Techniques for Flexible Spacecraft
Slew Maneuvers, ' Engineer’s Thesis,
March 1992.

D. Sorensen, LT, USN," Design and




Control of a Space Based Two Link
Manipulator with Lyapunov Based
Control Laws," Engineer’s Theses,
September 1992.

Newman, S., LT, USN," Active Damping

Control of A Flexible Space Structure
Using Piezoelectric
Sensors/Actuators, ' Master’s Thesis,
December, 1992.

B. N. Agrawal, Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: Space and Navy Warfare Systems Command

OBJECTIVE: To develop improved
spacecraft system design techniques
and continue development of
spacecraft laboratories to perform
research in spacecraft systems. It
is a continuing project.

SUMMARY : Fltsatcom satellite was
moved into a newly constructed room.
A joint project was initiated with
the Navy Satellite Operation Center
(NAVSOC) to test command software
using Fltsatcom at NPS.
Piezoelectric actuators and sensors,
thruster system, and a two-link mani-
pulator were added to the flexible
spacecraft simulator. Two spacecraft
system design projects were
completed. Development of a general

purpose spacecraft design computer
program was initiated.

PUBLICATION: Agrawal, B., ‘High
Latitude Communications Satellite,"
Navy Engineer Journal, (September
1993) . "“Forthcoming"

CONFERENCE PRESENTATION: Agrawal,
B.N., "Design of Multipurpose
Spacecraft Bus," AIAA 92-980, 1992
Aerospace Design Conference, Irvine,
CA, February 3-6, 1992.

THESES DIRECTED: Lashbrook, L.D.,
LCDR, USN,"Computer Based Satellite
Design, " Master’s Thesis, September
1992.

ABIT.TTY RT
Robert E. Ball, Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: The Joint Technical Coordinating Group on
Aircraft Survivability (JTCG/AS)

OBJECTIVE: The objective of this
effort is to continue the technical
support provided to the JTCG/AS for
the past 19 years by conducting
research, presenting shorter courses,
developing educational material, and
performing analyses in aircraft
combat survivability. The
accomplishments during FY 92 are

given below. (Prof Ball was only
available during the first and third
quarters.)

SUMMARY: Short and Shorter Courses.
For about the past twelve years, the
one week NPS/JTCG/AS short course has
been offered every other vyear,
primarily in Monterey. 1In order to




make the material available to more
people, Prof. Ball conducted two 16
hour versions of the short course,
known as the shorter course, to the
Army Aviation and Troop Command in
St. Louis and to the Air Fogce
Material Command in Dayton.
Approximately 25 and 50 students
attended, respectively. In the last
half of the year, Prof. Ball began
the preparations for the 1993 one
week short course to be held at NPS
during the week of April 19th. These
preparations consist of preparing the
course schedule and the flyer
announcing the course. An
announcement of the course for the
JTCG/AS and SURVIAC newsletters was
written.

EDUCATIONAL MATERIALS: In the third
quarter, Prof. Ball began a major
effort to update the short course and
shorter course notebook materials.
Many of the materials were 15 years
old. (Time flies.) He has nearly
finished the notebooks. He has also
started an initiative regarding
consistent definitions of the words

“E.
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Ball, Professor

and terms used in survivability,

lethality, and munitions
effectiveness.
OTHER : One classified proc cct was

completed in December of 1992. It
consists of simulating several
possible ordnance delivery profiles
using both the standard low drag and
high drag MK 80 series of bombs and
the advanced bomb family and
determining the survivability of the
aircraft for each profile. The order
of battle and the weapon laydown was
provided by the Naval Strike Warfare,
Fallon, Nevada. BLUEMAX is used to
determine the aircraft delivery
profiles, and the ESAMS and RADGUNS
programs are used to assess the
survivability of the aircraft. The
NWC Mk 80 and the ABF delivery

programs are used to assess the
accuracy of ordnance delivery. Both
A-6 and F/A-18 aircraft are
considered.

THESES DIRECTED: Ferrell, R.E.,

Classified Thesis,
December 1991.

Master’s Thesis,

x¥

Department of Aeronautics and Astronautics

Sponsor and Funding:

OBJECTIVE: The objectives of this
project are (1) to develop a
survivability and lethality
assessment center within the NPS
Wargaming Analysis & Research
Laboratory, and (2) to use the center
to conduct survivability and
lethality studies. The computer
programs in the center are available
to the students and faculty at NPS
for research in specific
survivability and lethality topics as
well as research on the programs
themselves. The following efforts
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were completed or are still underway
at the end of 1992. (Professor Ball
was not able to work directly on this
project during the first three
quarters, and he was teaching half
time during the fourth quarter.)

SUMMARY: The JTCG/AS surface-to-air
missile program ESAMS was obtained
from the JTCG/AS and installed on the
center’'s VAX computer. During the
first two quarters, a study of the
survivability of the F-14A TOMCAT in
the overland strike role, with and




without fuel system protection, was
conducted using ESAMS and the JTCG/AS
endgame program JSEM. A tactical
scenario and order of battle were
obtained from the Naval Strike
Warfare Center, Fallon, NV. Typical
flight profiles were developed using
several weapon delivery profiles.
The survivability of the F-14 was
determined using ESAMS for the flyout
and JSEM for the endgame. The JSEM
runs were executed by the
Survivability and Lethality Division,
Naval Weapons Center, using the
flyout data generated by ESAMS in the

center at NPS and ‘the proposed
reduction in fuel system
vulnerability.

The JTCG/AS endgame program JSEM was
obtained and installed on the
center's VAX computer. A comparison
of the endgame models in MICE II,
ESAMS, and JSEM was completed in
June. The output of this study is a
document that can be used by anyone
desiring to conduct either endgame
studies or survivability studies
using any of these programs. This
manual 1is incorporated into the
assessment center’s library. The
JTCG/AS radar detection program ALARM

was installed on the assessment
center’s VAX computer. A thesis
project to verify the code (as much
as possible) and to expand the
capabilities of ALARM to work over
water by including radar clutter at
sea. A version of ALARM for the SUN
workstation was developed, and a
user-friendly input program was
written. The new program is called
ALARM-NPS.

All of the JTCG/AS programs, except
FASTGEN, have been obtained from
SURVIAC and are now installed on the
VAX in the assessment center. In
addition, upgrades to the VAX
capabilities and in the available
output options have been accomplished
as a result of this funding.

THESES DIRECTED: Gil, L. D., Jxr.,
YA Comparison of Three Computer

Weapon-Target Simulations for
Aircraft," Master’s Thesis, June
1992.

Mosher, T. D., “Improvements to the
Advanced Low Altitude Radar Model
(ALARM 91)," Master’s Thesis,

September 1992.

EFFECTS OF BQUND CLUSTERS ON THE OPTICAL AND THERMAL
PROPERTTES

Oscar Biblarz, Associate Professor
Department of Aeronautics and Astronautics

Sponsor:
Funding:

OBJECTIVE: The goal of this project
is to investigate possible cluster
contributions to mirror damage and
to the operation of uncooled optics
in high energy laser applications.
This is a new project.

SUMMARY: High energy laser mirrors
exhibit damage of unknown origin. We
are studying possible contributions

53

NAWC Physics Division, China Lake
Naval Postgraduate School

from intrinsic clusters to this
damage. Bound clusters which
originate from the substrate have the
same chemical elements as the rest

of the surface but manifest a
different structure. They have,
therefore, different properties,
both optical and thermal. The
existence of these <clusters is
predicted from equilibrium




relationships.

By studying damage
and relating it known <cluster
characteristics, we would anticipate
improving damage thresholds.

THESIS DIRECTED: Moroney, D.T.,

LCDR, USN, ‘'"Use
Multichannel
Reflectivity Measurements"
Thesis, March 1992.

of an Optical
Analyzer for
Master’s

Oscar Biblarz,AAssociste Professor
Department of Aeronautics and Astronautics

Sponsor:

Naval Research Laboratories

Funding: Naval Postgraduate School

OBJECTIVE: To better understand low-
voltage thermionic discharges so that
they may be implemented to ionization
chambers. The advantages of low
voltage operation may translate into
less demand from power-conditioning
equipment as well as less sputtering
from energetic ions. These
discharges are also of interest to
many other arc devices. This is a
continuing project.

SUMMARY : We have arrived at an
equivalent form of Paschen’s law
which applies to low-voltage,
thermionic discharges. The key

element is that there be a source of
electrons at the cathode sheath prior
to the formation of the arc. The
small voltages observed require very
small gaps so that the implementation
of the scheme requires an auxiliary

device such as an incandescent
filament across the electrodes.
NASA’s work with the ionization xenon
for ion engines has been scrutinized.
Some preliminary modifications to
this ionizer have been looked at.

CONFERENCE PRESENTATION: Biblarz,
0., "Thermionic Arc Initiation," IEEE
International Conf. on Plasma Sci.,
Tampa, FL, June 1992.

THESIS DIRECTED: Bell, WwW.J., LT,
USN, “"Proposed Model of
Thermionically Assisted Breakdown an
Implementation on Electrostatic
Thrusters," Master’s Thesis, December
1991.

OTHER: A publication has been
submitted to the IEEE Transactions on
Plasma Science.

Oscar Blblarz, Assoc1ate Professor
Department of Aeronautics and Astronautics
Sponsor: PMTC, Point Mugu, CA
Funding: Unfunded

OBJECTIVE: The goal of this project
is to identify the sources of error
in the measurement of barometric-
pressure altitude in the 'Navy’s
Service Aircraft Instrumentation
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Package (SAIP). Errors have been
observed beyond those standard for
this technique. 1In the long term we
had hoped to influence new designs.
This is a continuing project.




SUMMARY: Altitude measurements with
the SAIP do not conform with the
specifications for the probe. Errors
seem to worsen with aircraft speed
and altitude and, therefore, appear
to be of aerodynamic origin. Our
work with a second-generation SAIP
(model # NCA S/N 0040, P/N 2111940-
001]) indicated that there is a
grounding problem arising from an
ambiguous specification. After
correcting this, however, the probe
continues to read above the static
value of the pressure and we have
identified the 5"-body of the SAIP as
the culprit along with the aircraft

mounting location. We have refined a
computer description and are
presently looking very closely at the
way the data are reduced in order to
define parameter sensitivity.

THESES DIRECTED: Rixey, J. W., LT,
USN, "A Multifaceted Engineering
Study of Aerodynamic Errors of the
Service Aircraft Instrumentation
Package (SAIP)", Master‘s Thesis,
September 1992.

OTHER:
Division,

Briefing at NAWC Weapons
Point Mugu.

COMPRESSIBILITY EFFECTS ON AND CONTROL OF DYNAMIC

L

M.S. Chandrasekhara, Research Associate Professor

M.F. Platzer,

Professor

Department of Aeronautics and Astronautics

Sponsor and Funding:

OBJECTIVE: To study the effects of
compressibility on dynamic stall of
oscillating airfoils and control the
process of dynamic stall. The
research has application in
helicopter ‘retreating blade stall.’
The knowledge will be useful in
extending the flight envelope of
future helicopter systems. On-going
program since March 1990.

SUMMARY: The flow over a helicopter
"retreating” blade is being simulated
in the newly built Compressible
Dynamic Stall Facility (CDSF) and
studied with a view to understand the
basic flow physics for possible
improvements in the blade design.
During the reporting period, the new
flow field diagnostic technique known
as Point Diffraction
Interferometry, (PDI), was refined,
developed further and used to measure
the flow field. Aalso, a fringe
analysis software package was
developed to rapidly process the
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U.S. Army Research Office

digitized interferogram images. A
number - of the images obtained from
earlier experiments were processed.
The unique feature of this package is
its semi-automation and ability to
produce graphical information of the
flow variables. Also, the LDV data
obtained in the previous year was
analyzed, papers were prepared and
presented.

PUBLICATIONS: Carr, L.W.

Chandrasekhara, "Design and
Development of a Compressible Dynamic
Facility", AIAA Journal of Aircraft,

and M.S.

vVol. 29, No. 3, May-June 1992, pp.
314-318.
Forthcoming: Hess, R.A., N.J. Brock,

L.W. Carr and M.S. Chandrasekhara, "“A
Holographic Animation of Compressible
Flow Interferograms', Prize Winning
Entry at the 44th American Physical
Society, Fluid Dynamics Division
Photo Contest, Physics of Fluids,
March 1992.




CONFERENCE PRESENTATIONS:
Chandrasekhara, M.S., "Oscillating
Airfoil Compressible Dynamic Stall
Studies", Invited Paper pre:ented at
the Indian Institute of Science
International Symposium on Advances
in Sciences and Engineering,
Bangalore, India, 12-15
1992.

December

Chandrasekhara. M.S., L.W. Carr, J.A.
Ekaterinaris and M.F. Platzer,
“"Interferometry and Computational
Studies of an Oscillating Airfoil

IBILITY EFFE
ERGOT

N DYNAMT
RAPID TRANSIENT PITCHI

Comprgssible Dynamic Stall",
presented at the 5th Asian Congress
of Fluid Mechanics, Taejon City,

Korea, 10-13 August 1992.

VanDyken, R.D., and M.S.
Chandrasekhara, "Leading Edge
Velocity Field of an Oscillating
Airfoil in Compressible Dynamic
Stall", AIAA Paper No. 92-0193,

presented at the AIAA 30th Aerospace

Sciences Meeting, Reno, NV, 6-9
January 1992.
TALL OF AT IL,

MOTT

M.S. Chandrasekhara, Research Professor

M.F. Platzer,

Professor

Department of Aeronautics and Astronautics

Sponsor and Funding: U.S.

Air Force Office of Scientific

Research

OBJECTIVE: To study the effects of
compressibility on dynamic stall of
an airfoil undergoing a rapid ramp
type pitching motion with applica-
tions to supermaneuverability of
fighter aircraft. On-going project
since October 1989.

SUMMARY : In the reporting period,
the technique of Point Diffraction
Interferometry (PDI) developed in the
Navy- NASA Joint Institute of
Aeronautics was used extensively to
document the full flow field as well
as the leading edge flow field over
an airfoil executing rapid transient
pitch maneuvers from 0-60 degrees
angle of attack. The data was
analyzed using an in-house developed
fringe analysis software package. The
results showed that compressibility

unfavorably interacts with the outer
inviscid flow to limit the airfoil
performance. These studies also led

56

to the concept that if the pressure
distribution over the airfoil could
some how be modified, then the
airfoil could be made stall-free.
Based on this, a new proposal to
control dynamic stall using adaptive
geometries was proposed, which was
accepted and funded.

CONFERENCE PRESENTATIONS: Platzer,
M.F., M.S. Chandrasekhara, J.A.
Ekaterinaris and L.W. Carr,

"Dynamic Airfoil Stall

Investigations" presented at the 5th
Symposium on Numé¢rical and Physical
Aspects of Aerodynamic Flows, Long
Beach, CA, 13-16 January 1992.

Ekaterinaris, J.A., M.F. Flatzer, and
M.S. Chandrasekhara, '"Low Reynolds
Number Airfoil Predictions",
presented at the 45th APS Meeting,
Tallahassee, FL, 22-24 November 1992.




Daniel J. Collins,

Funding:

OBJECTIVE: The purpose of this
investigation is to apply neural
network technology to ionospheric
modeling and to PMA  operator
training. A properly trained neural
network could reduce the operator
workload and increase the accuracy of
ROTHR.

SUMMARY: Theoretical models of the
ionosphere will be used to train
neural networks based on the
backpropagation algorithm. Testing

Professor
Department of Aeronautics and Astronautics
Sponsor: NRL Code 5324, Dr. J. Thompson

Naval Postgraduate School

of the neural networks will be done
with actual data. Comparisons of the
neural networks performance will

be made with the present automatic
selection system, with historical
data and with expert selection of the
ionospheric model.

Neural Networks have been created
that accurately model the daily
variations of ionosphere. Further
work on a complete seasonal modelling
has been begun.

Daniel J. Colllns, Professor
Department of Aeronautics and Astronautics

Sponsor:

OBJECTIVE: Neural Networks are used
to identify transient sonar signals
and identify key frequencies of sonar
signals.

SUMMARY : Backpropagation networks
have been developed to identify
actual sonar signals. Excellent

results have been obtained both for
transient signals and for key
frequencies.

Further work has begun on "Beartrap
DATA".

OTHER: Theses in process '"Passive
Acoustic Classification by Means of
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CDR McLaughton, Code 546 W
Washington, D.C.

20361
Neural Networks," LT Downing.
CONFERENCE PRESENTATIONS: Bertrand,

S.R., Collins, D.J. "Neural Network
Controllers for the X29 Aircraft:
IJCNN Vol. 1, Baltimore, Maryland, 7-
11 June 1992.

Shipley, M. and Collins, D.J.
"Classification of Acoustic
Transients by means of Neural
Networks", Third Annual R&D
Conference, Naval Surface Warfare
Center, Silver Spring, Maryland,
April 1992.




S. K. Hebbar,

M. F. Platzer,

Adjunct Professbr

Professor

Department of Aeronautics and Astronautics

Sponsor:

Funding:
OBJECTIVE: This is a multiyear
program aimed at establishing a

state-of-the-art research center for
high angle-of-attack, 1low speed,
steady/unsteady, aerodynamic studies
at the Naval Postgraduate School.

SUMMARY : A low-speed experimental
program on high-alpha, steady
/unsteady aerodynamics was pursued in
the low speed wind tunnel and the
water tunnel of the Naval
Postgraduate School, to carryout the
investigations related to enhanced
fighter maneuverability. During the
period under review (last year of the
multiyear program), the following
major tasks were accomplished: (a)
Flow visualization studies of a 2.3%
canard-configured X-31A-like fighter
aircraft model during sideslipping
maneuvers. (b) Water tunnel studies
of the X-31A-like model with an
oscillating canard. (c) Fabrication
of several double-delta wing models
with different geometric
modifications (fillets) at the kink.
(d) Static and dynamic flow
visualization studies of two double-
delta wing models at high angles of
attack.

PUBLICATIONS: Hebbar, S.K., M.F.
Platzer, and 0.V. Cavazos, "Pitch
Rate/Sideslip Effects on LEX Vortices
of an F/A-18 Aircraft Model,' Journal
of Aircraft, Vol. 29, No.4, Jul-Aug.
1992, p. 720.

Hebbar, S.K., M.F. Platzer, S.N.
Park, and 0.V. Cavazos, "A Dynamic
Flow Visualization Study of a Two-
percent F/A-18 Fighter Aircraft Model
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Naval Air Systems Command
Naval Postgraduate School

at High Angles of Attack,'" High-
Angle-of-Attack Technology, Vol.1,
NASA CP-3149, Part 3, May 1992, p.
1025.

Hebbar, S.K., M.F. Platzer, and C.H.
Kim, "Water Tunnel Visualization of
Dynamic Effects during Sideslipping
of a Canard-Configured Fighter
Model," Proceedings of Fifth Asian
Congress of Fluid Mechanics, Vol. 2,
Aug. 1992, p. 1161.

Small, J.F., S.K. Hebbar, and M.F.
Platzer, "Flow Visualization and Wake
Analysis for Complex Three-
Dimensional Bluff Bodies at
Subcritical through Critical Reynolds
Numbers,'" AIAA-92-0155, Jan. 1992.

CONFERENCE PRESENTATIONS: Hebbar,
S.K., M.F. Platzer, and C.H.
Kim,"Water Tunnel Visualization of
Dynamic Effects during Sideslipping
of a Canard-Configured Fighter
Model," Fifth Asian Congress of Fluid
Mechanics, Taejon, Korea, 10-14
August 1992.

Small, J.F., S.K. Hebbar, and M.F.
Platzer, "Flow Visualization and Wake
Analysis for Complex Three
Dimensional Bluff Bodies at
Subcritical through Critical Reynolds
Numbers, " AIAA 30th Aerospace
Sciences Meeting, Reno, Nevada, 6-9
January 1992.

THESES DIRECTED: Liu, D.M.,
ROC Navy, "Effect of Canard
Oscillations on the Vortical
Flowfield of a X-31A-Like Fighter
Aircraft Model," M.S. Thesis, March

LCDR,




1992.

Li, F.H., CDR, ROC Navy, "“Static and
Dynamic Flow Visualization Studies of
Two Double-Delta Wing Models at High
Angles of Attack,'" Master’s Thesis,
March 1992.

OTHER : The results of the wind
tunnel investigation on F/A-18 model
with and without LEX fences will be
presented in the AIAA 31st Aerospace
Sciences Meeting, Reno, Nevada, 11-14
January 1993. Also presented in the
same meeting will be the results of
the wind tunnel tests on a canard-
controlled sidewinder missile model

at high angles of attack. The
results of the water tunnel
investigations on the oscillating

canard model and two double-delta
wing models have been submitted for
presentation in the forthcoming AIAA
Fluid Dynamics Conference (July 93,
Orlando, Florida), and Applied
Aerodynamics Conference (August 93,
Monterey, California). A manuscript
entitled "Water Tunnel Investigation
of a Canard-Configured X-31A-Like
Aircraft Model in Dynamic Motion,"
has been submitted for publication in
the Journal Zeitschrift fur
flugwissenschaften and
Weltraumforschung (2FW).

I TIGATION OF F/A-1

R AT

F_ATTACK

S. K. Hebbar, Adjunct Professor
M. F. Platzer, Professor
Department of Aeronautics and Astronautics
Sponsor: Naval Air Systems Command
Funding: Naval Postgraduate School

OBJECTIVE: This is the continuation
of the second project of a series of
cooperative studies of F/A-18 between
the Aeronautics and Astronautics
Department of the NPS and the Fixed-
Wing Aerodynamics Branch of NASA Ames
Research Center and is aimed at
studying the interaction between the
F/A-18’s LEX Vortex and the vertical
tail surfaces, with and without the
LEX fences.

SUMMARY: A low speed investigation
was conducted in the NPS wind tunnel
to examine the vortex wake downstream
of a 3% scale model of the YF-17
lightweight fighter prototype at high
angles of attack. The study was in
support of a full scale F/A-18 in the
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NASA-Ames 80-ft x 120-ft wind tunnel
as part of NASA‘s High Alpha
Technology Program. During the
period under review, the earlier data

from hot wire surveys and power
spectra measurements (already
reported in a M.S. Thesis) was
further analyzed and the trends
compared with similar work done
elsewhere. A comprehensive report

was prepared and submitted to NASA
Project Director, NFAC F-18 High
Alpha Test.

OTHER: The results of this
investigation are being summarized in
the form of a Technical/Engineering
Note for publication in a journal.




TURBINE TIP-LEAKAGE FLOWS
G.V. Hobson, Associate Professor
Department of Aeronautics and Astronautics
Sponsor: Naval Air Warfare Center (Trenton)
Funding: Naval Postgraduate School

OBJECTIVE: Investigate the nature of
turbine tip-leakage flows in the new
annular turbine cascade as well as in
the Space Shuttle Main Engine High
Pressure Fuel Turbo Pump.
SUMMARY:The turbine tip- leakage
study will be continued in a newly
designed annular turbine cascade
facility. The intent for this
cascade is to gain experience in
taking three-component LDV measure-
ments through a curved window in a
highly swirling flow. A stationary
tip leakage flow (no relative
movement between the tip wall and
blades) can be simulated in this
facility on a scale typical of small
to medium gas turbines. The new
three-component fibre-optics LDV has
been commissioned and a new
three-axis traverse mechanism has
also been purchased with NPS OPN
funds. This traverse is currently

being mounted onto a mobile table so
that exploratory three-component
measurements can be performed in the
corner vortex flow of the Low Speed
Cascade. A capability of analyzing
3-D turbomachinery flows now exists
at the Department of Aeronautics and
Astronautics, with the installation
of Rotor Viscous Code Three
Dimensional (RVC3D), written by Rod
Chima of NASA Lewis Research Center,
on the Schools”’ Supercomputer
Workstations.

CONFERENCE PUBLICATION: Hobson, G.
V., and Wang, C-W., "A Turbulence
Model Based on RNG for Quasi-Three-
Dimensional Cascade Flows," AIAA
paper 92-3312, presented at the
AIAA/SAE/ ASME/ASEE 28th Joint
Propulsion Conference, Nashville,
1992.

Department of Aeronautics and Astronautics
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: Establish a continuous
running turbine facility for laser
Doppler measurements of the
intra-blade flows, and establish an
experimental database for computer
code verification as part of the NASA
MSFC Turbine CFD Consortium.

SUMMARY : The SSME turbine has two
stages thus the Turbine Test Rig will
have to be modified to accommodate
the additional stage. Once all the
necessary modifications to the rig

60

and the dynamometer coupling has been
made the new turbine will be
installed and essential performance
monitoring probes will be connected.
Initial performance tests will be
performed to verify these
measurements with those made by NASA
MSFC in their blowdown facility.

Before these performance tests can
been carried out the casing of the
turbine will have to be modified to
accommodate a laser access optical




window. After the performance tests
have been completed the LDV
measurements will commence. Initially
two-component measurements at mid

span of the turbine blades will be
performed. Depending on the success
of these measurements three-component
measurements will be taken.

G.V. Hobson, Associate Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: Develop an improved design

capability for turbo- machinery
components by con- ducting an
experimental and ‘computational

investigation into the viscous flow
behavior in such components.

SUMMARY : The experimental
investigation of the NASA
Controlled-Diffusion Compressor

Blades continued with laser sheet
flow visualization video recordings
of the leading edge separation bubble
at 48 degrees inlet flow angle. These
results were presented at a seminar
at NASA LeRC in May, 1992. The inlet
manifold and suction slots on the Low
Speed Cascade Tunnel, have been
completed and preliminary endwall
boundary layer suction was performed
with the inlet flow angle at 48
degrees. Initial span wise
pitot-static probe measurements have
indicated that the suction slots
decrease the endwall boundary layer
to approximacely half its original
thickness. Presently the cascade
inlet flow angle has been reduced to
43 degrees and baseline rake probe
surveys have been completed upstream
of the cascade, with no endwall slots
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installed. The slots have been
modified to include a porous wall
behind the slot openings for more
even suction in the pitchwise
direction. Two-component LDV
measurements are complete at this
inlet flow angle to establish a
baseline flowfield. The TPL took
delivery of all the fibre optics for
a three-component LDV system, which
is currently being commissioned for

3D endwall measurements in the
cascade.

PUBLICATIONS: Hobson, G. V., "A
Navier-Stokes Analysis of a
Controlled- Diffusior Compressor
Cascade at Very High Incidence," AIAA
92-3313, presented at the
AIAA/SAE/ASME/ASEE 28th Joint
Propulsion Conference, Nashville,
1992.

Hcbson, G. V., and Shreeve, R. P. S.,
"Inlet Turbulence Distortion and
Viscous Flow Development in a
Controlled-Diffusion Compressor
Cascade at Very High Incidence," AIAA

91-2004, Presented at the AIAA/SAE/
ASME/ASEE 27th Joint Propulsion
Conference, Sacramento, 1991.




IN AIRCRAFT SUPERMANEUVERABILITY
R.M. Howard, Associate Professor
Department of Aeronautics and Astronautics

Sponsor:
Funding:

OBJECTIVE: The goal of this project
was to define the vortex-interaction
flow mechanism for a close-coupled-
canard aircraft configuration by
flowfield measurements in downstream
crossplanes. The measurements
determined local velocity magnitudes
and flow pitch and yaw angles, as
well as contours of loss in total
pressure.

SUMMARY : The maintenance of air
superiority in the future will depend
an ability to perform high-lift
maneuvers, often into the post-stall
flight regime. Canards located in
close proximity to swept wings are
known to provide increased 1lift due
to the canard and wing leading-edge
vortices. Studies of flowfield
measurements at the angles of attack
for which major 1ift enhancements are
found have been lacking. Wake
surveys at an angle of attack of 22
degrees were conducted at three
crossplanes to produce plots of
crossplane velocity vectors and
contours of total pressure. The
canard vortex clearly provided
the mechanism for massive flow

Naval Air Systems Command
Naval Postgraduate School

reattachment over the inboard wing
section.

Flow visuvalization indicated the
previously-separated flow over the
wing became a strong coherent
leading-edge vortex under the
influence of the canard vortex.

THESES DIRECTED: O’Leary, C.F., CPT,
USMC, "Flowfield sStudy of a Close-
Coupled Canard Configuration,"
Master’s Thesis, June 1992.

Schmidt, D.C., LT, USN, "Lift
Enhancement Using a Close-Coupled
Oscillating Canard, ' Master’s Thesis,
September 1992.

Willson, J.G., LT, USN, "Quantitative
Force Measurements of Pneumatic
Control on a Wing/Strake Model,"
Master’s Thesis, September 1992.

OTHER: Howard R.M. and J.F. O‘Leary,
"“"A Flowfield Study of a Close-Coupled
Canard Configuration," AIAA 11th
Applied Aerodynamics Conference, 9-11
August 1993, submitted.

ADVANCED DEVELOPMENT .‘ESSARCH PROGRAM

R.M. Howard, Associate Professor
Department of Aeronautics and Astronautics
Sponsor:
Funding: Unfunded

OBJECTIVE: The goal of this project
is to develop technologies applicable
to the new class of Unmanned Air
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None

Vehicles: Maritime, Close-Range, and
Vertical Takeoff and Landing (VTOL).




SUMMARY : Current launch-and-
recovery technigques of UAVs at sea
are inadequate for future systenms,
which will operate from small surface

combatants. Air vehicles will be
required to takeoff and land
vertically, to provide an adequate

amount of deck safety from whirling
blades, and to transit at speeds of
fixed-wing platforms. The design,
construction and testing of a
full-scale VTOL UAV was begun this
past year, using available assets
from canceled DoD programs. The UAV
is a tailsitter configuration, taking
off vertically and transitioning to
forward £flight through a pushover
maneuver. This year, progress was
made in the design and construction
of the spar structure to mount wings
to the ducted-fan platform, and in
testing of control vane effectiveness
using a newly constructed
torque/thrust stand.

PUBLICATIONS: Howard, R.M., J.C.
Tanner and D.F. Lyons, "Flight Test
of a Half-Scale Unmanned Air
Vehicle," Journal of Aircraft, Vol.
28, No. 12, Dec. 1991, pp. 843-848

CONFERENCE PRESENTATIONS: Howard,
R.M. and R.M. Bray, "Flight Test and
Wind-Tunnel Study of a Scaled
Unmanned Air Vehicle," AIAA Paper
92-4075, AIAA 6th Biennial Flight
Test Conference, Hilton Head, SC,
24-26 August 1992.

Bray, R.M., D.F. Lyons, and R.M.
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Howard, "Aerodynamic Analysis of the
Pioneer Unmanned Air Vehicle," AIAA
Paper 92-4635, AIAA Atmospheric
Flight Mechanics Conference, Hilton
Head, SC, 10-12 August 19352.

Howard, R.M., J.D. Salmons, K.R.
Aitcheson, and P.A. Koch,
"Flying-Qualities Flight Test of a
Half-Scale Unmanned Air Vehicle,"
Proceedings of the Society of Flight
Test Engineers 23rd Annual Symposium,
Hauppauge, NY, 3-7 August 1992, pp.
5-41 - 5-49.

R.M., "Scaled Research for
UAVs: Short, Close- Maritime,
Endurance,"” Civilian and Military
Needs for Auto- mated Instrument
Platforms, Association for Unmanned
Vehicle Systems Workshop, Menlo Park,
CA, 28-30 January 1992.

Howard,

THESES DIRECTED: Brynestad, M.A.,
LCDR, USN, “Investigation of the
Flight Control Requirements of a
Half-Scale Ducted Fan Unmanned Air
Vehicle," Master‘’s Thesis, March
1992.

Koch, P.A., LT, USN, "“Flight Testing

of a Half-Scale Remotely, Piloted
Vehicle,"” Master’s Thesis, March
1992.

Kress, G.A., LT, USN, "Preliminary

Development of a VTOL Unmanned Air
Vehicle for the Close-Range Mission,"
Master’s Thesis, September 1992.




ouérd,
Department of Aeronautics and Astronautics

R.u.

Sponsor:
Funding:

OBJECTIVE: The goal of this project
was to define the vortex-interaction
flow mechanism for a close-coupled-

canard aircraft configuration by
flowfield measurements in downstream
crossplanes. The measurements

determined local velocity magnitudes
and flow pitch and yaw angles, as
well as contours of loss in total
pressure.

SUMMARY : The maintenance of air
superiority in the future will depend
an ability to perform high-lift
maneuvers, often into the post-stall
flight regime. Canards located in
close proximity to swept wings are
known to provide increased lift due
to the canard and wing leading-edge
vortices. Studies of flowfield
measurements at the angles of attack
for which major 1ift enhancements are
found have been lacking. Wake
surveys at an angle of attack of 22
degrees were conducted at three
crossplanes to produce plots of
crossplane velocity vectors and

Naval Air Systems Command
Naval Postgraduate School

contours of total pressure. The
canard vortex clearly provided
the mechanism for massive flow

reattachment over the inboard wing
section.

Flow visualization indicated the
previously-separated flow over the
wing became a strong coherent
leading-edge vortex under the
influence of the canard vortex.

THESES DIRECTED: O’Leary, C.F., CPT,
USMC, "Flowfield Study of a Close-
Coupled Canard Configuration,"
Master’s Thesis, June 1992.

Schmidt, D.C., LT, USN, "Lift
Enhancement Using a Close-Coupled
Oscillating Canard,” Master’s Thesis,
September 1992.

Willson, J.G., LT, USN, "Quantitative
Force Measurements of Pneumatic
Control on a Wing/Strake Model,"
Master’s Thesis, September 1992.

APPLICATION OF Hw AND MIXED H,/He
SYNTHESIS TO DESIGN OF ROBUST TRACKING CONTROLLERS

AND RELATED THEORY
I. I. Kaminer, Assistant Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: To investigate the
application of He and mixed Hp/He
synthesis techniques to the design of
robust tracking controllers.
Furthermore, should there be a lack
of theoretical tools needed to
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accomplish this task, such tools will
be developed.

SUMMARY: In the work covered by this
proposal we would 1like to address
certain issues which are important




for the design of control systems for
air wvehicles. In particular, we
propose to apply recently developed
robust control design methodologies
to a number of real-life control
design problems. For the case of
nonlinear plants such designs are
usually done for linear models of the
plant around a number of nominal
operating conditions. It turns out

that for a certain class of nonlinear
plants such designs result in gain-
scheduled controllers. The issue of
properly implementing such
controllers has received little
attention in the literature.
Therefore, we propose to develop a
methodology to properly implement
gain-scheduled controllers on the
nonlinear plants.

ADVANCED AVIONICS TECHNOLOGY
I. I. Kaminer, Assistant Profe:ssor
Department of Aeronautics and Astronautics
Naval Air Command AAS&T

Sponsor and Funding:

OBJECTIVE: To perform research and
development in advanced avionics
technology topics.

SUMMARY: In the work covered by this
proposal we would like to address
certain issues which are important
for the design of avionics systems
for air vehicles. In particular, we
propose to investigate the
applicability of sensor and actuator
failure detection and isolation

AIR A

techniques (FDI) developed for
automobile electronic systems to
aircraft avionics systems. Next, we
propose to develop differential
GPS/INS navigation system for
aircraft avionics autoland systems.
Finally, 1in order to facilitate
proper development and testing of the
above systems we propose to build the
real-time hardware-in-the-loop

Gerald H. Lindsey, Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: Naval Air Systems Command

OBJECTIVE: The goals of this research

effort were to (1) perform
statistical analyses of the loads
experienced by A-6 and SH-60B
aircraft, (2) produce a model
spectrum for each and (3) perform
fatigue analyses on each, studying

the effects of the load spectrum,
load sequence, material property
variations and mean stresses on the

predicted life.

SUMMARY: A-6 flight loads in the form
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simulation station with the 3D
animation capability.

PE
of acceleration counts were not

amenable to modeling with probability
distribution functions; however, it
was possible to describe the data
with a Weibull expression in the

upper twenty five percent of the
distribution. Flight load sgpectra
for the seventy fifth percentile

aircraft and above were created and
model flight load histories were
generated and used in fatigue 1life
calculations to study the effects of
load spectra percentile and




variations in material properties. A
statistical model was developed for
the spectrum of flight loads expected
to act upon the servo beam of the SH-
60 helicopter during symmetric pull-
out maneuvers. In addition, the
maximum loads for all pull-out
maneuvers were modeled with an
extreme value distribution, and the
two can be used together to make
damage predictions for any
desireddegree of conservatism as
expressed by percentiles of maximum
loads to be expected. Mean stress
effects on the damage calculations
were also evaluated by using a cycle
by cycle method of determining mean
stresses at each stage of the
maneuver . This effect made a
significant difference in the damage
calculations and the resulting life
predictions.

IR SIGNATURE

ARTT

PUBLICATION: Lindsey, G.H., “Final
Report on Aircraft Fatigue Load
Spectra Investigation," NPS Technical
Report, November 1992

THESES DIRECTED: Walter, Richard w.
II, LT USN, “Study of Statistical
Variations of Load Spectra and
Material ©Properties on Aircraft
Fatigue Life," Master’s Thesis,
September 1992.

deGozzaldi, Sally, T, USN,

“Statistical Fatigue Analysis of the
SH-60B Servo Beam Rail Component,"
Master’s Thesis, September 1992.

OTHER: The investigator is preparing
a manuscript describing the results
of this research for publication as
an AA article.

R 1 LID

ROCKET MOTOR PLUMES
D.W. Netzer,
D. Laredo, NRC Research Associate
Department of Aeronautics and Astronautics

Professor

Sponsors: Air Force Phillips Laboratory and National Research
Council

Funding: Air Force Phillips Laboratory and Naval Postgraduate
School

OBJECTIV3: Measure as a function of
motor operating conditions and
propellant composition the spatial
variations of particle size
distribution and optical properties
and the plume temperature, IR
signature and size using a small
rocket motor which utilizes
aluminized propellant. Compare
measured results with
SPFIII/R/SIRRMII predictions.
Develop a technique for evaluating
the effects of motor operating
conditions and contaminants
/additives on the emissivity of
collected particulate as a function
of temperature. This is a continuing
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investigation.

SUMMARY: No one diagnostic technique
has been found adequate for measuring
the particle size distributions in
motors and plumes due to the wide
dynamic range and high number density
of particles and to the presence of
large thermal gradients. A
combination of single and ensemble
particle analyzers, combined optical/
collection probes and SEM analysis of
collected samples have been found
necessary. Condensed Al,0; was found
to be the major source of radiation
in the 3.5-5p band in the near-plume
and gas phase radiation in the far-




plume. Afterburning effects were
predominantly confined to reheating
of the alumina, which then radiates
more than the gaseous species.
Highly metallized propellants
produced plumes with volume
distributed radiation sources and
with apparent emissivities
predominantly between 0.16-0.19.
Particle size distributions were
normally bimodal at the nozzle
entrance (with 50-90% of the number
and <10% of the volume in particles
smaller than 1p) and tri- or quadra-
modal in the near plume (with
approximately 50% of the volume in
particles <1p). The small particles

in the edges of the plume are
primarily gamma- alumina with an
index of refraction of 1.64. A

technigque has been developed using
rotating tungsten wires in the plume
and post-collection examination with
an IR microscope to measure the
emissivity of plume particulate as a
function of temperature. To date,
difficulties with convergence have
prevented a complete solution of
SPFIII/R from being attained for the
subscale motor and test conditions
employed.

Aluminum/ Aluminum Oxide Particle
Behavior in a Subscale Solid
Propellant Rocket Motor", Jet

Propulsion and Power, Vol. 8, No. 5,
September/October 1992, 954-960.

Laredo, D. and D.W. Netzer, “The
Dominant Effect of Alumina on
Nearfield Plume Radiation", J.
Quantitative Spectroscopy and

Radiative Transfer, November 1992.

CONFERENCE PRESENTATIONS: Laredo, D.
and D.W. Netzer, "Application of
Optical Diagnostics to Particle
Measurements in solid Propellant
Rocket Motors and Plumes", 23rd
Annual Meeting of The Fine Particle

Society, 13-17 July 1992, Las Vegas,
NV.

THESES DIRECTED: Whisman, C.D.
"Emissivity of Rocket Plume
Particulates", Master’s Thesis,
September 1992.

McCrorie, J.D., II, "Particle

Behavior in Solid Propellant Rocket
Motors and Plumes, Master’s Thesis,
December 1992.

Vaughn, J.K., '"Measurement of Sub-
PUBLICATIONS: Brennan, W.D., D.L. Micron Al,0; Particles in Rocket
Hovland and D.W. Netzer, '"Measured Plumes", Master’s Thesis, December
1992.
LID FUEL AND SI, Y FUEL COMBUSTIO
D.W. Netzer, Professor

Department of Aeronautics and Astronautics

Sponsor and Funding: Naval Air Warfare Center, Weapons
Division

OBJECTIVES: (1) To complete plume particulate and (3) to

demonstration of the feasibility of
supersonic combustion in solid fuel
ramjets, (2) To develop techniques to
measure the ignition and combustion
characteristics of B/B,C and to
measure the optical properties of
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determine the effects of atomizer
design on the obtainable particle
size distribution and combustion
efficiency of gelled, metallized
slurry fuels.




SUMMARY: Work was completed on the
deveélopment and demonstration of a
subscale supersonic combustion scolid
fuel ramjet utilizing Plexiglas fuel.
The combustor used a mixed
supersonic-subsonic flame
stabilization region with a smdll
amount of hydrogen pilot gas. Inlet
air at M=1.5 was thermally choked in
a constant area section and then
expanded in a diverging section.
Combustor exit Mach numbers were 1.1-
1.4 with combustion efficiencies as
high as 87% for equivalence ratios
between 0.49-0.67. A technique was
developed to measure the emissivity
of plume particulate in which wires
are placed in the plume to collect
particles. The wires are then placed
under an IR microscope. By accurately
measuring the resistance of the
electrically heated wire the
temperature is determined as the IR
image 1is recorded to yield the
emissivity. An initial technique
using heated air to heat the wire was
unsuccessful. Use of the IR camera
to measure the ignition and
~ombustion characteristics of B/B,C
was not accomplished due both to
limitations of the IR system
temperature range and to a shifting
of emphasis to the gelled slurry
fuels. Recent IR system upgrades
have corrected the high temperature
calibration problems. The particle
sizes produced by two air-blast and
one ultrasonic atomizers were
measured using a Malvern particle
analyzer. The air-blast atomizers
were capable of producing the desired
Dy, of 30-40p, but only with
unacceptably high air pressure drops
and high atomizer air-fuel ratios.
The ultrasonic atomizer uses more of
the available air, but requires very
low pressure drops to obtain the
desired atomization quality. A
combustor was designed and used with
center dump, inlet air swirl and
axial fuel injection. The air-blast
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atomizer would not sustain
combustion. The ultrasonic atomizer
sustained combustion with an
efficiency of 76% at an equivalence
ratio of 0.78.

PUBLICATIONS: Campbell, W.H., Jr.,
B.N. Ko, S.R. Lowe and D.W. Netzer,
"Solid Fuel Ramjet Regression
Rate/Thrust Modulation", Jet
Propulsion and Power, Vol. 8, No. 3,
May-June 1992, 624-629.

Lee, T. and D.W. Netzer,
"Temperature Effects on Solid Fuel
Ramjet Fuel Properties and
Combustion”, Jet Propulsion and
Power, Vol. 8, No. 3, May-June 1992,
721-723.

vVaught, C., M. Witt, A Gany-and D.
Netzer, "An Investigation of Solid-
Fuel, Dual Mode Combustion Ramjets",
Jet Propulsion and Power, Vol. 8, No.
5, September/October 1992, 1004-1011.

Nabity, J., T. Lee, B. Natan and D.
Netzer, “Combustion Behavior of Boron
Carbide Fuel in Solid Fuel
Ramjets", Combustion of Boron-Based
Solid Bropellants and Solid Fuels,
Ed. K.K. Kuo and R. Pein, CRC
Press/Begell House, 1992, 287-302.

Natan B. and D.W. Netzer,
"Experimental Investigation of the
Effects of Bypass Air on Boron
Combustion in a Solid Fuel Ramjet",
Combustion of Boron-Based Solid
Propellants and Solid Fuels, Ed. K.K.
Kuo and R. Pein, CRC Press/Begell
House, 1992, 427-437.

PRESENTATIONS : Angus, W.J., M.A.
Witt, D. Laredo and D.W. Netzer,
Solid Fuel Supersonic Combustion',
29th JANNAF Combustion Subcommittee
Meeting, Hampton, VA, 19-23 October
1992.

Netzer, D.W., "NPS Ramjet Combustion




Alr ~aunched/Surface Launched
Weaponry Propulsion 6.2 Program
Technology Exchange, NAWCWD, China
Lake, CA, 26-27 March 1992.

THESES DIRECTED: Yang, J-C., "“IR
Imaging for Combustion
Characteristics and Optical

Properties of Boron/ Boron Carbide,
Master’s Thesis, June 1992.

R_A

Guglielmi, J.D., "Atomization of JP-
10/B,C Gelled Slurry Fuel, Master’s

Thesis, June 1992.

Urbon, B.C., "Atomization and
Combustion of a Gelled, Metallized
Slurry Fuel", Master’s Thesis,

December 1992.

DEST

C.F. Newberry, Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
is to identify a methodology for
using exergy as an aerospace vehicle
design tool.

SUMMARY : Research publications
related to exergy were examined to
ascertain the extent to which exergy
has been used to support aerospace
vehicle analysis/design. Attention

has been given to simple models of

vehicle components/flowfields.
Consideration has been given to
methodologies which permit an

assessment of the degree to which
exergy can be used as a design and
design optimization tool. Research
has been focused on launch vehicle
flowfields and acoustic
refrigerators.

A TDER DESIGN
C.F. Newberry, Professor
Department of Aeronautics and Astronautics
Sponsor and Funding: NASA/USRA Advanced Design Program

OBJECTIVE: The goal of this project
is to determine whether or not
waverider configurations are feasible
for actual airplane designs; in
particular, are such configurations
suitable for tactical aircraft
designs. Participation in this
NASA/USRA program 1is expected to
enhance all aeronautical design
- education programs at the Naval
Postgraduate School.
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SUMMARY: Design teams within the AE
4273 Aircraft Design class are
considering waverider configurations
for a long range, M=3-6, carrier
compatible interceptor.

OTHER : A paper summarizing the
results of four design teams has been
accepted for the 1993 Aircraft Design
Conference.




OBJECTIVE: Develop computational
methods and obtain computational
solutions for steady and unsteady
flows over fighter aircraft
configurations and helicopter blades
at high angles of attack and through
jet engine. compressors and turbines.

SUMMARY : Potential flow, viscous-
inviscid interaction and compressibie
Navier-Stokes computations were
completed to study the dynamic stall
characteristics of oscillating and
rapidly pitching airfoils and the
interaction effects between airfoils.

CONFERENCE PRESENTATIONS: Cricelli,
A. S., J.A. Ekaterinaris, and M.F.
Platzer, "Unsteady Airfoil Flow
Solutions on Moving 2Zonal Grids,"
AIAA Paper 92-0543, 30th Aerospace
Sciences Meeting, Reno, NV, 6-9
January 1992.

Platzer, M.F., M.S. Chandrasekhara,
J.A. Ekaterinaris, and L.W. Carr,
"Dynamic Airfoil Stall
Investigations," 5th Symposium on
Numerical and Physical Aspects of
Aerodynamic Flows, Long Beach, Ca,
13-15 January 1992.
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M. F. Platzer, Professor
J. A. Ekaterinaris, Research Associate Professor
Department of Aeronautics and Astronautics
Sponsor: Naval Air Systems Command
Funding: Naval Postgraduate School

Criscelli, A.S., M.F. Platzer, H.M.
Jang, and H.H. Chen, "A Viscous
Inviscid Interaction Approach to the
Calculation of Dynamic Stall
Initiation on Airfoils,"” ASME Paper
92-GT-128, International Gas Turbine
and Aeroengine Congress, Cologne,
Germany, 1-4 June, 1992 (accepted for
publication in the Transactions of
ASME) .

THESES DIRECTED: Neace, Kerry, S.
“Computational and Experimental
Investigation of the Propulsive and
Lifting Characteristics of
Oscillating Airfoils and Airfoil
Combinations in Incompressible Flow,"
Master’s Thesis, September 1992.

Nowak, Lisa M., "Computational
Investigations of a NACA 0012 Airfoil
in Low Reynolds Number Flows,"
Master’s Thesis, September 1992.

Cricelli, Antonio, S., ‘'Unsteady
Airfoil Flow Solutions on Moving
Zonal Grids," M.S. in Aeronautical

Engineering, December 1992.




R ENHANCED
M. F. Platzer,

A HIER
Professor

S. K. Hebbar, Research Associate Professor
J. A. Ekaterinaris, Research Associate Professor
Department of Aeronautics and Astronautics

Sponsor:

Naval Air Warfare Center

Aircraft Division, Johnsville, PA
Funding: Naval Postgraduate School

OBJECTIVE: Identify promising
methods for the generation and
exploitation of dynamic 1lift. To
this end, perform detailed
experimental and computational
studies on airfoils, double delta
wings and complete aircraft

configurations in dynamic motion.

SUMMARY: Water tunnel studies were
conducted to determine the following
effects: a) pitch rate/sideslip
effects on leading-edge extension
vortices of an F/A-18 aircraft model,
b) dynamic effects during
sideslipping of a canard-configured
fighter model, c¢) the effect of
canard oscillations on the vortical
flow development, d) the effect of
fillets on the vortex development

PUBLICATIONS: Hebbar, S.K., Hebbar,
M., F. Platzer, C.H. Kim, "Water
Tunnel Visualization of Dynamic

Effects during Sideslipping of a
Canard-Configured Fighter
Model," Proceedings of Fifth Asian
Congress of Fluid Mechanics, Vol. 2,
August 1992, p. 1161.

Cricelli, J.A. Ekaterinaris, and M.F.
Platzer, "Unsteady Airfoil Flow
Solutions on Moving Zonal Grids,"
AIAA Paper 92-0543, 30th Aerospace

Sciences Meeting, Reno, NV, 6-9
January 1992.

THESES DIRECTED: Feng-Hsi Li,
“"Static and Dynamic Flow

Visualization Studies of Two Double-
Delta Wing Models at High Angles of

over double-delta wings. Attack," M.S. in Aeronautical

Furthermore, Navier-Stokes Engineering.

calculations were continued for flows

over airfoils, double-delta wings and Da-Ming Liu, "Effect of Canard

wing-body configurations at high Oscillations on the Vortical

angles of attack. Flowfield of a X-31A-Like Fighter
Aircraft Model," M.S. in Aeronautical
Engineering, March 1992.

TRANSONIC FAN CASCADE EVALUATION

R. P. Shreeve, Professor
Department of Aeronautics and Astronautics

Sponsor:

Naval Air Systems Command

Funding: Naval Postgraduate School

OBJECTIVE: To modify an existing
supersonic blow-down wind tunnel to
model the flow through the passages
of an advanced engine fan, and to

71

evaluate the use of passive
separation alleviation techniques on
the passage shock-boundary layer
interaction at a relative Mach number




of 1.7.

SUMMARY : Increasing relative Mach
numbers are encountered as fan speeds
are increased to obtain higher
pressure ratios per stage.
Separation, as the passage shock
interacts with the boundary layer on
the blade suction surface, limits the

RE R STALL AND OFF-DESI P
R.P. Shreeve,

fan performance. The purpose here is
to set up a relevant two dimensional
experimental model in order to
evaluate blade elements designed to
incorporate separation control. The
design of the test section and model
will be based on a pilot experiment
developed at M=1.4.

E_TMPR
Professor

G. V. Hobson, Associate Professor
W.B. Roberts, Research Associate
Department of Aeronautics and Astronautics

Sponsor and Funding:

Naval Air Warfare Center, Aircraft Division,

Trenton

OBJECTIVE: Current tasks aim (1) to
validate off-design performance and

stall prediction for
controlled-diffusion blading and
obtain experimental information

necessary to enable higher blade
loading designs, (2) to develop the
means to test shock-boundary 1layer
alleviation devices for transonic
fans.

SUMMARY : Previous tasks to measure
the effects of tip clearance
variation in a multistage compressor
and to include secondary flow effects
in throughflow code calculations were
reported. Laser Doppler Velocimetry
measurements in a large subsonic

cascade wind tunnel containing
controlled-diffusion blades at
near-stalling incidence were

augmented with laser-sheet flow
visualization. New inlet guide vanes
and suction for side wall boundary
layer thickness control were
installed in preparation for tests at
stall. A small scale two-passage
model simulation of the flow through
a transonic fan at M=1.4  was
developed in a blow-down wind tunnel.
Surface static pressure and wake
impact pressure distributions were

72

obtained and shadowgraph and fluid
injection methods were applied to
visualize the shock-boundary layer
interaction. A numerical simulation
was also obtained using the RVCQ3D
code. The

results provide a baseline for the
evaluation of separation control
techniques.

PUBLICATIONS: Moyle, I.N.,
Walker, G.W. and Shreeve, R.P.,
"Stator-Averaged, Rotor
Blade-to-Blade Near-Wall Flow in a
Multistage Axial Compressor with Tip
Clearance Variation", Transactions of
the ASME, Journal of Turbomachinery,
vol.114, No.3, Jul 1992, pp. 668-674

CONFERENCE PRESENTATION: Ucer, A.S.
and Shreeve, R.P.,"A Viscous
Ax*symmetric Throughflow Prediction
Method for Multi-Stage Compressors",
ASME Paper 92-GT-293, presented at
the International Gas Turbine
Congress and Exposition, Cologne,
Germany, 1-4 June 1992.

THESES DIRECTED: Golden, W.L.,
Jr.,"Static Pressure Measurements of
the Shock-Boundary Layer Interaction
in a Simulated Fan Passage', Master’s




Thesis, March 1992.

Myre, D.D.,
Simulation,"
December 1992.

"Fan Passage Flow Model
Master’s

Thesis,

E. R. W

’

Wendland, R.A., “Upgrade and
Extension of the Data Acquisition
System for Propulsion and Gas Dynamic

Department of Aeronautics and Astronautics
Sponsor: UAV Joint Project Office,
Naval Air Systems Command
Funding: Naval Air Systems Command

OBJECTIVE: The objective of this
project was to evaluate five
candidate technologies for an

Autonomous Landing and TakeOff System

(ALTOS) to guide Unmanned Aerial
Vehicles (UAV’s) being launched
from U. S. Navy surface combatants.

The evaluation was divided into four
tasks which were: (1) define
selection criteria; (2) identify
candidate technologies; (3) evaluate
the candidate technologies; and (4)
recommend technologies to be
investigated further.

SUMMARY: The project was carried out
by a team comprised of students from
the Naval Postgraduate School (as
part of course requirements for AE

4306) and a subcontractor, Orion
Aviation, 1Inc. of Palos Verdes,
California. Also in order to carry

out Task 3 above, the students made
use of a flight simulation computer

program, FLIGHTLAB II, which was
rented from Advanced Rotorcraft
Technology, Inc. of Mountain View,
California.

FPor the first task, defining the

selection criteria, a total of
nineteen different criteria were
identified, defined and assigned
weighting factors. Representative

criteria included Acquisition Range,
Air Vehicle Compatibility, Wave-Off
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Laboratories," Master’s Thesis, June
1992.
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Capability, Ground Station/Ship
Compatibility, Guidance Accuracy,
Landing Accuracy, and
Maintainability, Prokbability of
Intercept, etc. These selection

criteria were also reviewed by the
students as part of task three. Their
assessments are documented in
Appendix D of part three of the
project report.

The second task required the students
to identify candidate technologies.
The technologies identified were
millimeter wave radar, micro wave
radar, laser, acoustic, and global
positioning system (GPS). Each
technology was briefly described
along with a recommended math model
and performance parameters.

For the third task, evaluating the
candidate technologies, several of
the selection criteria required the
use of a mathematical model to
simulate and analyze the inflight
performance. For this, the students
used a simulation program called
FLIGHTLAB II. The millimeter wave
radar and GPS technologies. were
modelled. The micro wave and laser
technologies were not modelled
because their physical performance
parameters are similar to millimeter
wave radar. The acoustic technology
was not modelled because the perform-




ance parameters were defined as a
function of range which FLIGHTLAB is
unable to simulate.

Completion of the three tasks
resulted in recommendations for
further research which was defined in
task four. Continued work resulted in
successful modelling of the acoustic
technology in addition to laser/radar
and GPS. The conclusion based upon
performance analysis, was that all
five technologies are capable of
landing a UAV on a surface combatant.
However, other selection criteria not
related to performance have a large

H IN HELICOPTER HIGHER HARMONT
Professor

E. R. Wood,
Department of Aeronautics and Astronautics
Sponsor: Research Administration Office

Funding:
OBJECTIVE: Higher Harmonic Control
(HHC) is an active control system

concept for helicopters that promises

a major breakthrough in such
important areas as helicopter
vibrations, performance, and
acoustics. In addition, under this
heading has been included other
research related to improving

helicopter vibra- tions, performance,
and acoustics at NPS such as: (1)

NOTAR research; (2) scale model
helicopter flight research; and (3)
flight simulation modelling of
helicopters.

SUMMARY: A major goal of HHC research
being conducted at NPS is to explain
on a theoretical basis the open-loop
test results obtained from the
NASA/Army/Hughes HHC flight test
program conducted in the period 1982-
85. This research is made possible in
part by McDonnell Douglas Helicopter
Company, who has made available for
analysis the extensive flight test
data taken during the earlier
research program.
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impact on selecting the right
technology. The project report
concluded that the recommended

technology for further research is
GPS because it showed favorable
performance results and is easily
integrated into the UAV system at
minimal technical risk.

PUBLICATIONS: Wood, E. R. and Orion
Aviation, "Final Report for
Autonomous Landing and Takeoff

Systems," NPS Technical Report, NPS-
AA-92-0003PR, October 1992.

NTROT,

Naval Postgraduate School

The data is used as follows. The
vibration task requires reduction and
analysis of the closed and open-loop
data obtained from flight testing the
HHC-equipped OH-6A helicopter in
Yuma, Arizona. The performance task
requires correlating performance
flight test data against a
theoretical model based upon
Garrick’s unsteady aerodynamic
theory. In addition, it is planned to
conduct supporting flight tests using
a radio-controlled helicopter model
that is being modified for HHC.
Modifications are being made to a
newly acquired helicopter which has a
rotor diameter of 11 feet, a gross
weight of 180 1lbs, and a 60-1b.
payload.

For research on NOTAR a 1/4 scale
tailboom which incorporates Coanda
circulation control has been designed
by the students and 1is currently
being fabricated. The 1/4 scale
tailboom 1is suitable for flight
testing on the remotely piloted
helicopter. It has also been designed




to be compatible with the NASA-
Langley 1/4 scale V/STOL wind tunnel.

Studies continue to be conducted on
exploring and developing better
methods for conducting scaled
rotorcraft flight test research.
Areas being investigated include
remotely-piloted model and full-scale
helicopters. The Robinson R-22 1is
currently under serious study for
full-scale testing. Also under
consideration for full scale testing
is the whirl tower at Annapolis and
the QH-50 coaxial remotely controlled
helicopter at China Lake.

In the area of flight simulation
modelling, two MS students are
currently extending NPS’‘s capability
using FLIGHTLAB. The FLIGHTLAB
simulation computer program can be
used for real-time flight simulation
studies of rotorcraft. A pilot work
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station can be coupled to the
simulator so that the mathematical
model can literally be flown in the
computer. FLIGHTLAB is presently
being used to model both UAV‘s and
full scale helicopters.

THESES DIRECTED:
LCDR, USN,
Analytical

Trainer,
“Experimental and
Investigation of the
Vibration Characteristics of a
Remotely Piloted Helicopter,"
Master’s Thesis, June 1992.

W.T.,

vandiver, J.L., LT, USN, "RPH
Preliminary Design, Trend Analysis
and 1Initial Analysis of the NPS
Hummingbird, " Master’s Thesis,
September 1992.

“"Baseline Vibration
Remotely Piloted
Higher Harmonic
Master’s Thesis,

Ransford, K.M.,
Measurements of
Helicopters for
Control Research,"
December 1991.
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DEPARTMENT OF
COMPUTER SCIENCE

The research program in the Department of Computer Science is directed in
five areas: Artificial Intelligence and Robotics, Computer Graphics and Visual
Simulation, Computer Systems and Architectures, Database and Data Engineering,
and Software Engineering. The mission of the Computer Science curriculum is to
provide selected officers with the knowledge and skills necessary to specify,
evaluate, and manage computer systems and to provide technical guidance in
computer applications ranging from non-tactical to tactical areas. In addition
to supporting our departmental mission, our research programs contribute heavily
to the mission of DoN and DoD agencies. The following is a brief summarization
of the Department of Computer Scienrces’ five research program areas.

ARTIFICIAL INTELLIGENCE AND ROBOTICS

In the area of Artificial Intelligence and Robotics, a major research effort
is underway in the area of autonomous vehicles (both underwater and above ground)
is carried out. Topics such as path planning, sonar data interpretation, graphics
simulation, motion coordination, and image understanding are studied. A
knowledge-based approaches to the path planning of missile routes that maximize
concealment and minimize energy cost is pursued. Also, investigation in the area
of intelligent computer assisted military training (e.g. training systems for
helicopter recognition and Ada programming) is performed.

HI AL TT

In the Computer Graphics and Visual Simulation area, the research work is
focused on the NPSNET systen, a low-cost, commercially available
workstation-based version of the DARPA SIMNET system. A terrain visualization and
reasoning for developing an inexpensive 3D visual simulation for the command and
control workstation of the future is investigated. A SIMNET-compatible,
non-line-of-sight 3D visual simulator and line-of-sight moving platform simulator
are developed.

Y. ARCHITE

In the Computer Systems and Architecture area, the research is performed in
the areas of network communication protocols and VLIW architectures for the next
generation of high performance workstations. A progress is made on modeling VSAT
networks for communications satellites and on applications of very high speed
networks to improve the Navy AEGIS combat system.

DATABASE AND DATA ENGINEFRING

In the Database and Data Engineering area, a research effort is made in the

80




areas of interoperable, federated database system, multimedia database system,
and universal database front-end system. Prototype systems (some using
object-oriented development tools) are being developed.

Fundamental research in intelligent processing of complex queries,
optimizing performance of accessing data from heterogeneous databases, visual
query languages, and efficient handling of multimedia data are pursued. In the
Software Engineering area, the research on Computer-Aaided Prototyping System
(CAPS) for real-time software, general semantic model for merging changes to
software systems, model for the safety-critical multiprocessing aspects of
control systems, and model for prototypes of dynamic systems are performed.
Fundamental theory and practicing algorithms for the development and management
of software systems are actively pursued. A prototype for a low-cost combat
direction system was produced by utilizing the CAPS.

As evident from the above descriptions, the Department of Computer Sciences’
research program is highly relevant to the mission of DoN/DoD. Our external
funding sources include Naval Research Laboratory, Naval Sea Systems Command,
Naval Surface Warfare Center, Naval Weapons Center, NOSC Hawaii, Pacific Missile
Test Center, US Army Research Office, US Army Artificial Intelligence Center, US
Army Project Manager Training Devices, US Army Test and Experiment Command, US
Army AI Center. The prototype systems developed under the research programs are
actively used in teaching the department’s courses and in supporting MS and Ph.D.
theses works.
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SYNTHESIZING PROGRAMS FROM SPECIFICATIONS
V. Berzins,
Department of Computer Science
Sponsor: Office of Naval Research
Funding: Naval Postgraduate School

OBJECTIVE: Development of reliable
programs 1is a central problem in
software engineering. We are
investigating automated techniques
for generating executable Ada
programs from functional
specifications. Applications of the
resulting technology include software
tools for automatic generation of Ada
programs, for direct execution of
specifications, and for automatically
determining whether test results for
programs conform to specified
functional requirements. Our goal is
to develop new technologies for
computer-aided design of Ada software
systems. A set of software tools for
validating requirements and
formalizing design efforts of Ada
Software Systems are under design and
development by applying and extending
state of the art research results in
software engineering and in
artificial intelligence to automate a
larger part of the effort in software
development. This project emphasizes
the refinement of a formal
specification tool set suitable for
supporting computer-aided development
of large Ada programs. To meet urgent
needs of DOD, the primary goals of
this work are to improve programmer
productivity and the quality,
reliability, and flexibility of
software systems.

SUMMARY : We are investigating
mechanisms for making black-box
specifications expressed in 1logic
executable, both via simulation and
via translation into conventional
programming languages such as Ada.
Our initial effort is focused on
automatically generating the
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scaffolding code needed to
automatically test programs
containing abstract data types
relative to formal specifications.
When complete, this should lead to
the capability to run arbitrarily
large sets of automatically
constructed test cases without human
intervention except for analyzing
failures that have been detected
automatically. This work should make
it practical to achieve software
failure rates that are orders of
magnitude lower than is possible
using current software development
techniques.

We have refined our previous work on
developing a formal specification
language and explored the use of
formal specifications to support the
design of Ada software via case
stiuies. The specification language
complements Ada in the design of
large systems, and supports
descriptions of distributed and
real-time systems on a large scale,
and is supported by a set of tools
for computer-aided software design.
We have investigated the underlying
technology needed create the
necessary software tool support for
the proposed software development
methodology and have developed a
specification of an embedded control
system to demonstrate that the
facilities for describing real-time
constraints in the Spec language are
adequate for designing realistic
systems.

OTHER: We have extended a previously
developed software tool that
generates Ada specification modules




from behavioral specifications in the
Spec language to handle machines,

data types, and tasks. We also
developed a software tool for pretty
printing a formal specification

expressed in the Spec language in a
way that illustrates its logical

(COMBINLIN

V. Berzins,
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Professor

structure. This tool was generated
using attribute grammar technology,
according to uniform policies that
can be applied to other formal
languages as well.

L LOFTWAR

Department of Computer Science
Sponsor and Funding: U.S. Army Research Office

OBJECTIVE: We seek. to develop
fundamental theory and practical
methods for combining several changes
to a software system with
mathematically provable guarantees of
correctness. The main goal of this
research effort is to enable a higher
level of computer-aided design in
development and maintenance of large
software systems. Combining changes
to software is a fundamental problem
in software engineering. This process
is . important in all phases of
developing large software systems,

where multiple changes must be
developed concurrently and then
combined. This work has potential

applications to software maintenance,
view integration in specifications,
version control in design databases,

and multiple inheritance in
specification or programming
languages.

SUMMARY: We have investigated change
merging for specifications and for
software prototypes of real-time
systems. We integrated a change
merging mechanism for specifications
with an inheritance mechanism and
investigated both applications and
formal properties of the resulting
structure. We are currently
addressing problems associated with
merging changes to PSDL prototypes.
We have been working on an analog of
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the program slicing method for the
PSDL language.

Program slicing has been previously
applied to <change merging for
while-programs and we believe that a
method applicable to PSDL can be
developed based on similar principles
despite the fact that PSDL presents
new problems because it includes
explicit real-time constraints and
parallel operations. Concurrency
makes PSDL programs potentially
nondeterministic, which requires a
substantial rethinking of the
previous work that was done in the
context of deterministic sequential
programs. We have been developing a
proof that a slice will exhibit the
same behavior regardless of what
program it is embedded in. 1In
parallel, we are working out the
details of an algorithm for merging
changes to PSDL programs whose
correctness depends on the behavior
invariance theorem. We have also done
a preliminary functional
specification for an automated design
management and job assignment system.
The main advance provided by this
system is automated scheduling and
job assignment for teams of engineers
in an environment where plans are
uncertain, partially known, and
subject to change while the work is
in progress.




David K. Hsiao, Professor
Department of Computer Science
Sponsor and Funding: The Naval Pacific Missile Test Center

OBJECTIVE: The goal of this project
is to provide solutions to
heterogeneous databases scattered at
two different sites (NPMTC and
SanFranShip) and at different
locations (within NPMTC).

SUMMARY: At our project, we have
developed a solution for federated
databases and systems. By federated
databases and systems we mean these
heterogeneous databases and systems
may form a federation without
compromising their local application
specificities, integrity system.
constraints, and security
reguirements. With the federation,

the user can access any heterogeneous
database as if it is homogeneous to
the user. In other words, the user
can continue to write the transaction
in the user’s favorite data language
for the purpose of accessing the
user’s (homogeneous) databases and
the other (heterogeneous) databases.
The accessing and sharing among
commercial (heterogeneous) databases
and systems are not technically
feasible at the present time. Our
experimental work on federated
databases and systems represents the
only solution to data accessing and
sharing of heterogeneous databases
and systems at the present time.

IMAGE UNDERSTANDING FOR AUTONOMOUS ROBOTS
Yutaka Kanayama, Professor
Department of Computer Science
Sponsor: Research Council
Funding: Naval Postgraduate School

OBJECTIVES: The goal of this project
was to investigate the effectiveness
and limitation of the use of the
image understanding technique in
navigation, guidance and spatial
learning of an autonomous mobile
robot. This project is a part of the
research initiation program for the
principal investigator.

SUMMARY : We have finished the
following major tasks in this
research. (In the last year’s budget,

a color CCD camera and image grabbing
hardware system had been already
acquired. (1) We were successfully
able to do linear feature extraction
from gray scale images. This task is
an important part of image
understanding in an indoor
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environment. This is the thesis work
of LT Kevin Peterson. (2) A three
dimensional geometric model was

designed and constructed for the
fifth floor environment of Spanagel

Hall and was successfully
implemented. (3) Combining these two
tasks, we invented an and precise

algorithm of matching extracted
features and the 3D model to make
camera position identification. (4)
Shortest and safe planning research
had several successful results. (5)
As a new motion control algorithm for
Yamabico, I invented an algorithm for
path tracking. A patent is being
applied for based on this algorithm
is being applied. (6) Mainly because
of this new motion control algorithm,
software development task for new MML




{(Model-based Mobile robot Language)
for the Yamabico robot was started.

(7) Improvement of Yamabico’s sonar
system.

Robert B. McGhee, Professor
Department of Computer Science
Sponsor and Funding: National Science Foundation (BCS-9109989)

OBJECTIVE: This is a proposal for a
three year <cooperative research
program related to autonomous
underwater walking robots involving
the Naval Postgraduate School and the
Port and Harbor Research
Institute (PHRI) in Japan. The purpose
of this project is to investigate
fast gait control, vehicle dynamics,
the effects of ocean currents, and
other topics using computer
simulation and control of the real
walking robot. This project was
funded in February 1992.

SUMMARY : We started research work
right after the NSF decided to fund
us. We started weekly research
meetings with both PI’s, two MS
students and one CS staff member,
which continues to this day. In March
and April of 1992, Profs. Kanayama
and McGhee visited PHRI in Japan to
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discuss on the important topics like

goals, schedule, budgets, robot
hardware, computer support, robot
specifications and other matters
related to this research. Prof.

Kanayama visited PHRI in July again
in this year to continue discussions
mainly on software development tasks.
Prof. McGhee is on the Doctoral
Committee of Scott McMillan in the
Department of Electrical Engineering
at the Ohio State University, who
take this underwater walking robot
research as his dissertation topic
area. The dissertation title is
“Parallel Real-Time Dynamic
Simulation of an Underwater Legged
Robot.'" The research activities are
making steady progress. We are
expecting publications to come out
soon when the current activities
produce some concrete results in the
second year.

R_THE DE

Se-Hung Kwak, Adjunct Professor
Department of Computer Science

David R. Pratt, Adjunct Instructor

Department of Computer Science

Sponsor amnmd Funding: TRADOC Analysis Command, Monterey

OBJECTIVE: The goal of this project
was to investigate and improve a
JANUS simulation system by utilizing
3D-1M resolution database of PEGASUS.

SUMMARY : Currently, a JANUS
simulation system uses 50M resolution
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database. This resolution is not
adequate to accurately simulate
combat models. If 3D-1M resolution
database from a PEGASUS system is
utilized, much more accurate and
realistic results can be achieved.

However, as the resolution is




increased, more computation power is
required in order to maintain
reasonable response time from JANUS.
Especially, line-of-sight (LOS)
calculation, which is the major part
of detection process, needs much
higher computational power. Roughly
speaking, about 2000 times of
computational power is necessary to
maintain the same performance as
utilizing a 50M resolution database.
This computationally demanding
problem can be handled by
Transputers. This is one of the

inexpensive and reliable approaches
to such a highly computational
demanding task. The progress for this
reporting period has included major
effort to study 3D-1M resolution
database of PEGASUS and investigate
Transputer interface to JANUS as well
as PEGASUS database. Study on
existing sequential algorithm for LOS
was performed, and theoretical
studies in the design of parallel
algorithm for LOS is initiated.

J. Eagle, Professor
Department of Operations Research
Y. Lee, Assistant Professor
Department of Computer Science
Sponsor and Funding: Antisubmarine Warfare Division, Office of
the Chief of Naval Operations

OBJECTIVE: ASSET is a Monte Carlo
antisubmarine warfare campaign model.
It is an integrated analysis tool
with submodels for C3I, undersea and

overhead surveillance, submarine
operations, MPA operations, and mine
warfare. Although it was

well-designed, some shortcomings were
noted. The primary purpose of this
project was to analyze and implement
the improvements suggested in
previous evaluations of various
sub-areas of ASSET.

SUMMARY: The glimpse rate model for
submarine detection wused 1in the
original ASSET has been replaced with
compound Lambda-Sigma Jjump model.
There is a different target radiated
frequency in each environmental
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region. Each target will have

its own detection rate to reflect the
differences in its operating
characteristics. Multiple engagements
between platforms are used to
eliminate the limitations of
interaction between opponent
platforms. The glimpse rate model is
used to determine detection
opportunities of maritime patrol
aircraft (MPA) and to approximate a
continuous looking sensor pattern. A
different criterion of selecting
search probability area (SPA) and MPA
pairs using the ratio of MPA’s time
on-station over the SPA size has been
implemented. In addition, we have
designed and implemented a prototype
user interface for porting ASSET to a
Sun Sparcstation running X windows.




Lugi, Associate Professor

Department of Computer Science
Sponsor and Funding: National Science Foundation

OBJECTIVE: The goal of this research
is to enable rapid prototyping of
hard real-time systems via a computer
aided prototyping system (CAPS). CAPS
is based on a prototyping language

with module specifications for
modeling real-time systems and
combining reusable software. These

tools make it possible for prototypes
to be designed quickly and to be
executed for validating the
requirements. The research focuses on
automated methods for retrieving,
adapting, and combining reusable
components based on normalized module
specifications; establishing
feasibility of real-time constraints
via scheduling algorithms; simulating
unavailable components via algebraic
specifications; automatically
generating translators and real-time
schedules for supporting execution;
constructing a prototyping project
database using derived mathematical
mnodels; providing automated design
completion and error checking
facilities in a designer interface;
and establishing a convenient
graphical interface for design and
debugging.

SUMMARY: Rapid prototyping is a means
for stabilizing and validating the

ATDED PR P

requirements for Complex systems by
helping customers visualize system
behavior prior to detailed
implementation, e.g. for embedded
control systems with hard real-time
constraints. CAPS supports an
iterative prototyping process
characterized by exploratory design
and extensive prototype evolution.
This should enable the first
production version of the software to
match user needs and reduce the need
for expensive modifications after
delivery. The current version of CAPS
has been used to generate a software
prototype of a C3I system with hard
real-time constraints. The
preliminary result of such an
approach has shown great promise. It
also reveals extreme difficulties in
many sub-areas which are due to gaps
in the state of the art in many
inter-disciplinary subjects of
fundamental science. Both theoretical
and practical research effort has
been devoted with careful strategies
in order to make further progress on
the subject. The significance and
impact of this research to the
national economy and to the history
of science and engineering makes the
success of the project the only
possible choice for the researchers.

R EMBEDDED ARFE

Luqgi, Associate Professor
Department of Computer Science
Sponsor and Funding: DoD Ada Joint Program Office

OBJECTIVE: Requirements for modern
embedded software systems include the
capability to respond in real-time to
data inputs from multiple interfaces
such as commands from end users,
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multiple sensors, multiple weapons
interfaces, electronic warfare and
multiple tactical data link systems.
The demands for efficient
computation, lucid display, strict




real-time deadlines and ability to
deal with sporadic input data and
hardware interrupts in such
sophisticated systems have greatly
increased the development cost.
-Experimentation with a Computer Aided
Prototyping System (CAPS) for
systematic development of Ada
embedded software on commercial
workstations with existing system
software has demonstrated a high
technology and low cost approach to
providing state of the art software
development tools for real-time Ada
programs in the 1990’s. This project
seeks to design and develop a CAPS
system for DoD use. The initial
feasibility study for the development
of CAPS system has been completed,
and prototype versions of some of the
CAPS tools have been validated by
using them to generate an executable
Ada prototype of the essential
features of a C3I system. The initial
pilot study has demonstrated that Ada
prototypes of real-time systems can
be generated rapidly and at low cost.
The objective of this project is to
develop these tools to the point
where they can be used by DoD.

SUMMARY: Many of the software tools
in the previous version of CAPS were
developed before there was a complete
version of CAPS. Consequently, these
tools were originally patched to
operate somehow even though they
needed to interact with parts of CAPS
that did not exist at the time. This

project is redesigning and
redeveloping these tools to extend
and integrate the existing

capabilities of CAPS in a form that
is practically usable. We have
developed a new user interface for
CAPS that better integrates the
tools, substantially simplifies the
interactions between the designer and
the system, and makes the structure
of the interface correspond better to
the structure of the prototyping
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process. We have designed and
developed a new graphical editor for
CAPS, and designed a new
syntax-directed editor. The new
design provides a tight coupling
between these tools which will allow
information and automatic constraint
propagation actions to readily cross
the boundary between the two tools in
both directions, thus substantially
increasing the level of automated
assistance the tools can provide. The
new graphical editor also provides
better user-friendly features, such
as an undo command, and visual
representations of more aspects of a
prototype design, such as whether or
not an operator has been decomposed
into a 1lower level network and
whether or not a data stream
represents a state variable with a
predefined initial value. We have
also developed a tool to instantiate
and adapt components retrieved from
the software base to conform to the
interface required by the conventions
of the CAPS runtime architecture and
have started to collect, develop, and
test reusable software components to
populate the CAPS software base. The
effectiveness of CAPS in practice is
influenced by the extent to which
common operations in the problem
domain of the prototype are covered
by these reusable components.

OTHER: The project has produced
approximately 27,000 lines of program
code for components of the CAPS

system: new graphical editor 6k loc,
new syntax directed editor 7k loc,
new software base tools 10.3k loc,

new caps shell 2k 1loc, reusable
component 1.6k loc. This initial
version of the computer-aided

prototyping system for semi-automated
Ada real-time program development
established the feasibility of the
CAPS system. We used the initial
version of CAPS to develop several
real-time embedded Ada control




software systems, including. Patriot
missile control software Fish farm
control software (3 system. Robot
control software. Track processing

software. A total of 16k lines of
code were developed for the
applications.

Lugi, Associate Professor
Department of Computer Science
Sponsor and Funding: Naval Sea Systems Command

OBJECTIVE: The objective of the
project is to show the feasibility of
using commercial workstations,
off-the-shelf software packages, and
Navy Ada for cre«ting low-cost CDS
prototypes. Modern Combat Direction
Systems (CDS) require the capability
to process real-time tactical data
from multiple weapons interfaces,
electronic warfare and multiple
tactical data 1link systems. The
demands for efficient computation and
lucid display in such sophisticated
systems have greatly increased the
development cost of CDS. Our group at
Navy Postgraduate School has provided
an experimental CDS project with
opportunity to utilize the thesis
efforts of the students and advanced
software research results at NPS. The
implementation of CDS in Ada has an
experimentation phase to translate
the Ada code via the Navy Ada
Compiler. We have explored the CDS
capabilities that can be provided by
contemporary commercial workstations
with suitable Ada software. The
project will demonstrate a low cost
approach to providing state of the
art software for shipboard use. We
have addressed the feasibility of
translating the Ada CDS prototypes
containing the basic features of a
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Combat Direction System to target
AN/UYK code.

SUMMARY : We have completed
implementation of a prototype 1low
cost combat direction system. This
has involved the initial design of a
user interface for the LCCDS that
utilizes the capabilities of
commercial workstations such as
graphical displays, multiple windows,
and pointing devices. We have chosen
a computer system and operating
system to host the prototype CDS, and
a portable graphical interface
package. We have also evaluated
several object-oriented database
systems and software packages for
generating graphical interfaces for
use in the implementation of the
prototype CDS, and worked out a way
to interface programs written in Ada
to graphics packages written in C.

OTHER: Approximately 20,000 lines of
executable on-line Ada code have been
produced under the project. The
programs run on several types of
machines, including Dec vax and Sun
workstations. Program source tapes
and demo tapes have been delivered to
the sponsor in Computer Aided
Prototyping of Real-time Systems.




e Professor

Department of Computer Science
Sponsor: Naval Research Lab
Funding: Naval Postgraduate School

OBJECTIVE: A computer aided rapid
prototyping system to support the
development of software systems with
hard real-time constraints is
especially important for the critical
early stages of software design. This
research focuses on formal techniques
for specifying such complex systems
using a Prototype System Description
Language and the associated tools for
further analysis and design. A major
goal of this work is to enable the
automation of a larger part of hard
real-time software development via
execution of real-time prototypes. A
special scheme is used to treat the
hard real-time constraints and to
integrate guidelines beyond
conventional compiler technology.

SUMMARY : This project studied
automated tools for designing and
constructing large real-time software
systems. Specific subjects that were
addressed include:

1. Providing the conceptual design of
CAPS tools, e.g., static scheduler,
dynamic scheduler, run-time debugging
system, etc.

2. The application of CAPS tools to
the specification of

real-time systems to establish its
ability to handle practical problems.
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3. Proposing simplifications and
extensions to the PSDL language to
improve the treatment of |hard

real-time constraints.

4. Developing execution support tools
to handle a subset of the PSDL
language constructs sufficiently rich
to illustrate the feasibility of
automatic generation of executable
prototypes for the specified systems.

This research uniquely links the two
major research flows on modeling of

real-time systems and complexity
studies on scheduling algorithms in
this research area. The hard

real-time computational model used
and specification based prototyping
language provide systematic and
unified constructs for modeling,
specifying, designing and testing
software systems with hard real-time
propertijes.

OTHER: Approximately 25,000 lines of
executable on-line Ada and C++ code
implementing CAPS tools have been
produced under the project. We have
also developed approximately 16,000
lines of prototype code using CAPS to
validate the tools and the process:
C3I 10k 1loc, patriot missile 1.9k
loc, robot control 1.6k loz, £fish
farm control 2k loc.




Luqi, Associate Professor
Department of Computer Science
Sponsor and Funding: Naval Surface Warfare Center

OBJECTIVE: This project addresses the
development of analytical models of
dynamic software systems to support
rapid ©prototyping, computer-aided
analysis of hard real-time
constraints, and new real-time
scheduling methods for dynamic
systems. The objective of the
proposed research is to enable the
design of flexible real-time systems
that consist of variable numbers of
subsystems whose connection patterns
can change with time. Potential
applications include distributed C31
systems and damage-tolerant systems
that can automatically reconfigure
themselves in response to component
failures. The results of this
research support tools for analyzing

SUMMARY: The set of subsystems
comprising a dynamic system can
change with time. Such changes can be
due to subsystems physically crossing
the boundaries of the dynamic system,
such as aircraft entering and leaving
a controlled airspace, or due to
subsystems failing and coming back
on-line after repairs; such as
automatically reconfigurable systems
designed to survive damage to
subcomponents. Embedded software
systems are typically subject to hard

real-time constraints. However,
current approaches to designing
real-time systems depend on the

assumption that the system structure
is static. Our work is developing the
basis for removing this restriction.

hard real-time constraints and
synthesizing executable software
prototypes.
MODELING OF REAL-TIME SYSTEMS NAVAL RESEARCH LABORATORY

Lugi, Associate Professor
Department of Computer Science
Sponsor and Funding: Naval Research Laboratory

OBJECTIVE: This project involves the

design and development of the
methodology and computer-aided
software tools for building hard

real-time systems. The primary goals
of the project are to develop
suitable methodology and software
tools for Dbuilding complex hard
real-time systems and to provide
training for the software engineers
at NRL to use such methodology and
tools.

SUMMARY: Most engineers at NRL
developed system specifications from
discussion with the sponsors. They

N

then used their programming
experience to determine the system
requirements and module designs,

which were reviewed either in-house
or with the sponsors to see if they
meet the functional and operational
specifications of the users.
Prototypes for the design were then
developed and tested with test cases
that were either developed in-house
or provided by the sponsors. In order
to meet the real-time constraints,

engineers usually designed and
developed their systems to run as
fast as possible, without formal

assurance that performance will meet




the requirements or formal analysis
to determine the range of operating
conditions under which all deadlines
can be met. Given the fact that most

engineers at NRL have neither
experience nor training for any
structured design methods, we
recommend that NRL adopt the
Hatley-Pirbhai extension of the
informal Yourdon method now and

switch to a more powerful method when
stable tools are available and the
engineers have gained some experience
with systematic design methods and
some more formal training.

D P

AND ALUATION OF A_ PR

YSTEM
R.B. McGhee,
J. R. Clynch, Professor
S.H. Kwak, Professor
Department of Computer Science
Sponsor and Funding: Naval Research and Development, Hawaii

OBJECTIVE: The goal of this project
was to collect performance data and
select components for a breadboard
SANS system, including both a GPS
receiver and inertial sensors, to
order parts and start construction of
a breadboard system, and to construct
a land-based dynamic test facility.

SUMMARY: The SANS package is a
self-contained wunit suitable for
accurately determining the location
of an autonomous underwater vehicle

(AUV) using a combination of GPS,
inertial, depth, and magnetic
sensors. It also incorporates a

computer to provide control signals
to guide the AUV to a mission area,
to record mission data, and to return
the AUV to its launch point. It is
designed for either internal or
external mounting on any AUV. Design
studies and experimental
investigations described in the
publications listed below have lead
to the conclusion that the location
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OTHER : Training materials on
real-time software development and a
report based on a survey of NRL and a
technology survey on the state of the
art of real-time software development
were developed and presented at NRL.
A general survey with many questions
was given to NRL workers, and the
results were analyzed. More than 100
pages of materials were developed to
support the task. In three trips to
NRL a total of 24 hours of training
was given.

PE SMATL, A NAVIGATION

ANS

Professor

of objects detected by an AUV
operating in shallow waters can be

determined to an accuracy of
approximately 10 meters rms,
worldwide, by an navigation and

mission control package occupying not
more than 120 cu.in., and requiring
not more than 10 watts average power.

During 1992, a golf cart was
purchased and provided with the
instrumentation needed to evaluate
the accuracy of a breadboard SANS
system while driving on a calibrated
track. All components were purchased

and some software modules were
completed. Completion of the
breadboard system and land-based
testing is anticipated in 1993. Wet

testing of an integrated SANS package
using the NPS AUV is also planned,
contingent on an adequate level of
funding.

PUBLICATIONS: McGhee, R.B, Jr.,
Clynch, J.R., Kwak, S.H., and Mckeon,




J.B., “Technology Survey and 1992 IEEE Symposium on Autonomous
Preliminary Design For a Small AUV Underwater Vehicle Technology,
Navigation System, NPS Technical Washington, D.C., June 1992, pp. 291-
Report, NPS-CS-92-001, March 1992. 297.

Fwak, S.H., McKeon, J.B., Clynch, THESIS DIRECTED: McKeon, J.B., LCDR,
J.R., and McGhee, R.B., USN, “Integration of GPS INS
"Incorporation of Global Positioning Capability into a Small AUV, Master’s
System into Autonomous Underwater Thesis, March 1992.

Vehicle Navigation," Proceedings of

E OF ARE FATL RE
TESTING
T. J. Shimeall, Assistant Professor
Department of Computer Science
Sponsor and Funding: Naval Weapons Center

OBJECTIVE: The goal of this research in the conduct of software testing.
was the development of a technique By viewing the software process as
for formulation of regression testing aniterative process, regression
adequacy criteria, based on the testing 1is viewed as drawing on
properties of software failure previously-constructed groups of
regions. information. That information is then
exploited to develop detailed
SUMMARY: The problem of regression regression test Ccriteria and
testing is widely recognized as a managerial recommendations.
difficult one in the field of
software testing. This research has PUBLICATIONS: Shimeall, T.J. and
analyzed a series of software faults Shimeall, S.C., "Iterative Software
and produced a series of Testing,'" NPS Technical Report, NPS-
recommendations on how these faults CS-92-008, 1992.

(and other factors) may be exploited

INTER-REGTION ALYST F ARE, FATIL REGION
T. J. Shimeall, Assistant Professor
Department of Computer Science
Sponsor: Naval Weapons Center
Funding: NPS Merit Funding

OBJECTIVE: The goal of this research of these faults to the task of
was the analysis of relationships software testing. This examination
-among the failure regions generated was curtailed due to extensive
by a selection of known faults in a purchasing delays of required
particular piece of software. equipment (equipment was finally

received in Dec., 1992, after a
SUMMARY: This research examined purchasing delay of 23 months).
characteristics of software faults Despite this 1limiting effect, the
and the application of the properties research established that faults may
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cluster in the input space, but this
clustering appears to be limited in
scope to small groups of faults
forming each cluster, rather than all
of the “aults of a particular program
forming one large cluster. Research
in this area is ongoing in student
thesis work and in journal paper

DE

presentation with the aid of the
now-available computation resources.

PUBLICATION: Shimeall, T.J., "An
Exploration of the Failure Behavior
of Software Faults," Portland State

University, May 1992, Distinguished
Lecture.
F I I RI ARE

T. J. Shimeall, Assistant Professor
Department of Computer Science
Sponsor and Funding: Space and Naval Warfare Systems Command

OBJECTIVE: The goal of this research
was the development of a method for
the design and construction of
efficient computerized tutorials.

SUMMARY: This research has developed
a design method for CAI.
Ccncept-flow diagrams, analogous to
the conventionally-used data-flow
and control-flow diagrams, were
defined. Criteria for the review of
such diagrams were developed. A
computer program automating these

diagrams was produced and is in use
at two other sites.

THESIS DIRECTED: Maskell, D.M.,
“Concept-Flow Diagrams: Method for
Design of Computer-Aided-
Instruction," Master’s Thesis, March
1992.

OTHER : INTERP, A Concept-Flow

Diagram Interpreter delived to SPAWAR
and The University of Texas at Austin
(Software) .

A NEW PROGRAMMING LANGUAGE NAD ITS ENVIRONMENT
Dennis M. Volpano, Professor

Department of Computer Science
Funding: Naval Postgraduate School
David Gries, Department of Computer Science
Cornell University
Funding: ARPA ISTO

OBJECTIVE: The goal of this project
is to design and implement a new
programming language Polya and its
environment. Polya supports a new
notion of encapsulation that will
allow scientists to write programs at
a higher level and with less effort.

SUMMARY: A critical component of
Polya is a new type discipline that
offers more flexibility than those of
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existing prototype languages and does
not compromise the security of

traditional strong typing. Type
inference must be performed
incrementally in the context of
overloading, subtyping, and ad-hoc

polymorphic recursion. New results
for type inference in the context of
overloading have been obtained. More
flexible restrictions on a type basis
were identified wunder which the




typability problem is decidable. It
was shown that constraint-set
satisfiability under the new
restrictions can be done in low-order
polynomial time. These results show

that more natural overloadings can be
expressed without an attendant rise
in computational complexity.

C. Thomas Wu, Associate Professor
Department of Computer Science
Sponsor and Funding: Naval Weapons Station, Concord

OBJECTIVE: In this research, we
propose to extend our prototype to
incorporate a CD-ROM device where the
relational database will reside. We
will explore the issues related to
accessing CD-ROM devices connected to
a network from various machines such
as PC, Macintosh, and UNIX
workstations.

SUMMARY: We studied the issues of
converting a data storage format

of the existing prototype (which is
in the HyperCard’s internal format)
to the relational format. This step
is the necessary step toward
utilizing external physical storage
device such as  CD-ROM. Media
characteristics of CD-ROM for storing
documents are explored. We also
studied the use of object-oriented
programming tools that allow faster
prototyping.

Y PR I

PUBLICATIONS: Wu, T.C., “Faster
Program Development with Actor’s WDL
and Action Methods," Journal of
Object-Oriented Programming," Vol.
4, No. 9, February 1992, pp. 54-60.

Wu, T.C., "Improving Reusability with
Actor’s Protocol Mechanism," .fournal
of Object-Oriented Programming,” Vol.
5, No.1, March/April 1992, pp. 49-51.

THESES DIRECTED: Hale, LT R. J.,
"“"The Development of a Scheduling
Application in  Support of the
Paperless Ship, Master’s Thesis,
March 1992.

Chelouche, Major Evyatar, "Using
Object-Oriented Databases for
Implementation of Interactive
Electronic Technical Manuals, "
Master’s Thesis, March 1992.

DYA DATABASE SY

C. Thomas Wu, Associate Professor
Vincent Y. Lum, Professor
Neil C. Rowe, Associate Professor
Department of Computer Science
Sponsor and Funding: Naval Command, Control, and Ocean
Surveillance Center

OBJECTIVE: This research explores the
issues related to querying processing
in multimedia database systems. A
visual query language will Dbe

proposed ' and our earlier natural
language query processing will be
explored further.

]




SUMMARY: A visual query language
called DFQL was developed. The first
prototype that supports the proposed
language DFQL was implemented. The
current prototype generates a
sequence of SQL statements from the
given DFQL query. The parser for
natural 1language processing was
improved to incorporate a better
capability in understanding
domain-dependent semantic
information. We also studied the
issues of query processing in the
object-oriented databases.

PUBLICATIONS: Wu, C.T., "Protocol
vs. Multiple Inheritance," Journal of
Object-Oriented Programming, Vol. 5,
No. 4, July/August 1992, pp. 72-75.

Wu, C.T., "Visual Query Language for
Relational Databases,'" Proceedings of
DS-5 Conference on Semantics of
Interoperable Database Systems, Vol.

2, November 1992, Lorne, Australia,
pp- 46-59.

Wu, C.T., Gugliemo, E., Ntoka, N.,
and Rowe, N., "A Protoptype Decision
Support System and Multimedia
Database for Command and Control, 9th
Annual Decision Aids Conference,

Monterey, CA, June 1992,
Wu, C.T., Gugliemo, E., and Rowe, N.,

“Natural Language Processing of
Captions for Retrieving Multimedia

TABT.T

F T E

Data," Conference on Applied Natural
Language Processing, Trento, Italy,
April i1992.

CONFERENCE PRESENTATION: Wu, C.T.,

"Dataflow Query Language, Presenation
at International Federation for
Information Processing Working Group
2.6 Meeting, Moneterey, CA, 6-8 July
1992.

THESES DIRECTED: Li,
"User Interface of DFQL:
Oriented Approach,"
March 1992.

Captain, T.C.,
An Object-
Master’s Thesis,

Filippi, LT S.C., "Implementing
Relational Operations in an Object-
Oriented database,'" Master’s Thesis,
March 1992.

Balci, LTJG, M. and Saridogan, LTJG
Erhan, "Design ands Implementation of
a Graphical User Interface for a

Multimedia Database Management
System, Masters’ Theses, September
1992.

Spear, CcpT Ronald L., A

Relational/Object-Oriented Database
Management System: R/OODBMS, Master’s
Thesis, June 1992.

OTHER : Working prototypes were
developed by the students as part of
their theses. One paper was
submitted to a journal.

F _EXCE E

C. Thomas Wu, Associate Professor

Roger Stemp, Adjunct Instructor
Department of Computer Science
National Security Agency

Sponsor and Funding:

OBJECTIVE: An INFOSEC Center of
Excellence is a formal, cooperative
partnership between the National
Security Agency (NSA) and a
Department of Defense (DOD)

96

educational institution that provides
mutual benefit to each partner. We
will develop an information security
track that provides students with
fundamental concepts of trusted




systems and where appropriate,
exposes the students to the advanced
concepts required to support current
research endeavors.

SUMMARY: The status reports on
INFOSEC Trusted System Laboratory,
INFOSEC Reference Library, and

INFOSEC Funding Allocation were
produced. Course syllabus for CS 4601
Introduction to Computer Security and
CS4602 Advanced Computer Security was
developed. Course matrices for both
CS and ITM Computer Security Track
were developed and reported to the
appropriate committees.

Amr Zaky, Assistant Professpr
Department of Computer Science
Sponsor and Funding: Naval Sea Systems Command

OBJECTIVE: To investigate and
experiment with different mechanisms
to improve certain performance
measures for the AN/USY-2 signal
processing multiprocessor.

SUMMARY: The AN/USY-2 is employed by
USN for the purpose of real-time
(RADAR/SONAR) signal processing on
board ships. As the AN/USY-2 employs
a Large Grain Data Flow (LGDF)
processing methodology, an
application is treated as a Data Flow
Graph (DFG) of nodes - each of which
represents a signal processing
primitive. In order to increase the
utilization of the processors, and to
ensure the production of output data
at regular time intervals ( a very
important requirement for this class
of real-time applications), some
control has to be exerted on the
scheduling of the DFG nodes. AN/USY-
2 run-time mechanisms dispatch ready
nodes in a quasi-arbitrary manner
which can yield artificial data
memory congestion, lack of
computation-communication overlap,
and production of outputs at
irregular time intervals. The goal
of this project 1is to identify the
mechanisms of AN/USY-2 that can be
used in controlling the dispatch
times of the DFG nodes. This work
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{jointly with Professor S. Shuk!
the ECE Department), has resulte

the introduction of a framew.
(Revolving Cylinder Scheduling) for
compile time analysis and

restructuring of DFGs so as to avoid
the potential shortcomings - which
are discussed above - of arbitrary
node dispatching. Tools have been
developed to restructure DFGs in the
way of realizing the Revolving
Cylinder Scheduling Framework. Also,
a real-time LGDF multiprocessor has
been developed to evaluate the
relative performance of the
restructured graphs as compared to
the original graphs. Currently, two
faculty and several students in both
the Computer Science and Electrical
and Computer Engineering Departments
are involved in this project.

PUBLICATION: Shukla, S.B. and zaky,
A., "A Compile-Time Technique for
Controlling Real-Time Data-Flow
Graphs," in Proceedings of the 1992
International Conference on Parallel
Processing, Chicago, Illinois, 1992.

CONFERENCE PRESENTATION: Shukla,
S.B. and 2Zaky, A. "A Compile-Time
Technique for Controlling Real-Time
Data-Flow Graphs," in Internation
Conference of Parallel Processing,




Chicago, Illinois, 1992. This paper
won the outstanding paper award at

International Conference on Parallel
Processing.

NPSNET
Michael J. Zyda, Professor
David R. Pratt, Assistant Professor
Department of Computer Science

Sponsors and Funding:

Advanced Research Project Agency, Army AL

Center, U.S. Army Training and Doctrine Command, Naval Ocean
Systems: Center, U.S. Army Test and Experimentation Command

OBJECTIVE: NPSNET 1is a three-
dimensional, workstation-based,
visual simulator being developed by
researchers at the Graphics and Video
Laboratory of the Department of
Computer Science at the Naval
Postgraduate School. The project
centers on the development of
graphics simulations software, and is
expanding to include many related
facets of virtual reality.

Research is being conducted entirely
within the Department of Computer
Science at NPS as part of the MS and
Ph.D. ' programs. The research 1is
directly supported by the teaching
efforts of the Computer Graphics and
Visual Simulation Track, established
at the school this past year. This
track (one of five in the department)
has a real-time, interactive, three
dimensional slant that is
particularly conducive to work in the
virtual worlds field.

In addition to the general
requirements of the department, the
track offers five classes designed to

give the MS candidates an
understanding of real-time,
interactive three-dimensional

graphics and simulation. With the
knowledge obtained in these courses,
the candidates are singularly
prepared to design and work with
computer graphics simulations. Many
choose to write their theses on work
with NPSNET, as do students from
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other tracks. Without the
contributions made by the MS
students, the NPSNET project would be
impossible to maintain and continue.

The goal of the project has been to
create a low-cost, government owned,
workstation based visual simulator
that utilizes SIMNET databases and
SIMNET and DIS networking formats.
In the last year, this goal has been
accomplished. The next stop being
taken 1is to build an extension to
NPSNET that would lower the entry
cost for other researchers wanting to
work with both SIMNET and other
simulators. We want to expand NPSNET
as a family of simulators that can
function as an easily adaptable core
through which more modern simulators
can be linked to SIMNET and follow on
systems.

The NPSNET project focuses on the
application of virtual world systems
in an attempt to find useful, cost-
efficient uses for this new
technology. Because of the nature of
this focus, the emphasis of the
project is on software development.
While many researchers work with the
hardware of virtual reality, often
repeating the work done by others,
the NPSNET project is developing the
software to go with the technology.

This software includes hardware
drivers, interfaces, graphics, and
functions determined by the

particular use of the simulation.




Thus, our goal is to build worlds
that are useful to inhabit instead of
building the hardware to enter them.

SUMMARY: We are currently involved
in a myriad developmental aspects for
NPSNET. The last year has seen the
completion of several projects, as
well as the initial forays into new
work. The projects are diverse in
content, but all have the same goals
of developing a fully-interactive,
believable environment. The
diversity of direction <can Dbe
attributed to the many students who
work on the project, each choosing
the aspect of development most
interesting to themselves, or that
most closely suited to their course
of study. These directions include:

a. The Object-Oriented Programming
Paradigm.

b. Physically-Based Modeling
c. Dynamic Terrain

d. Autonomous Forces

e. Real-Time Scene Management
f. Aural Cues

g. Collision Detection

h. NPSNET Stealth

i. Live Tests

j. DIS Integration

k. Department of Defense Simulation
Internet Maneuvers

PUBLICATIONS: Zyda, Michael J.,
Osborne, William D., Monahan, James
G. and Pratt, David R.. "NPSNET:

Real-Time Collision Detection and
Response, " The Journal of
Visualization and Computer Animation,
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special issue on Simulation and
Motion Control, Vol. 4, No. 1, August
1992.

2yda, Michael J., Monahan,
and Pratt, David R.

Physically-Based Modeling
Enhancements to an Object File
Format," chapter in Creating and
Animating the Virtual World, Editors:
Nadia Magnenat Thalmann and Daniel
Thalmann, Publisher: Springer-Verlag

James G.
""NPSNET:

Tokyo, 1992, pp. 35-52.

CONFERENCE PRESENTATIONS: Wilson,
Kalin P., 2yda, Michael J., and
Pratt, David R. "NPSGDL: An Object
Oriented Graphics Description
Language for Virtual World

Application Support," proceedings of
the Third Eurographics Workshop on
Object-Oriented Graphics, Champery,
Switzerland, 28 - 30 October 1992.

Pratt, David r., 2yda, Michael J.,
Mackey, Randy L., and Falby, John S.
"NPSNET: A Networked Vehicle
Simulator with Hierarchical Data
Structures, " in the Proceeding of the
Image VI Conference, Scottsdale,
Arizona, 14 - 17 July 1992.

Zyda, Michael J., Pratt, David R.,
Monahan, James G. and Wilson, Kalin
P. NPSNET: Constructing a 3D
Vvirtual world," in Computer Graphics,
special Issue on the 1992 Symposium
on Interactive 3D Graphics, MIT Media
Laboratory, 29 March - 1 April 1992,
pp. 147-156.

Brutzman, Donald P., Kanayama, Yutaka
and 2yda, Michael J. "Integrated
Simulation for Rapid Development of
Autonomous Underwater Vehicles,"
Proceedings of the 1992 Symposium on
Autonomous Underwater Vehicle
Technology, Washington, DC, June 2-3,
1992, pp 3-10.

Falby, John S.,

Zyda, Michael J.,




Pratt, David R. and Wilson, Kalin P.
"Educational and Technological
Poundations for the Construction of a
3D virtual World," in the Proceedings
of virtual Reality ‘92, San Jose, 23-
25 September 1992.

Zyda, Michael J., and Pratt, David R.
“NPSNET Digest: A Look at A 3D
Visual Simulator for Vvirtual World
Exploration and Experimentation,” in
the Proceedings of the 1992 EFDPMA
Conference on Virtual Reality,
Washington, DC, June 1-2, 1992.

THESES DIRECTED: Dahl, Leif 'NPSNET:
Aural Cues for Virtual World
Immersion," Master’s Thesis,
September 1992.

Nash, Dave "NPSNET: Modeling the In-
Flight and Terminal Properties of
Ballistic Munitions," Master’s
Thesis, September 1992.

Warren, Pat and Walter, Jon "NPSNET:
JANUS-3D - providing a 3D Display for
a Traditional Combat Model," Joint
Master’s Thesis, September 1992.

Walters, Alan "NPSNET: Dynamic
Terrain & Cultural Features,"
Master’s Thesis, September 1992.

Weigeshoff, William "NPSNET-SAF:
Automated Terrain Analysis for Route
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Planning and Fields of Fire,"
Master’s Thesis, September 1992.

Wilson, Kalin P. "NPSGDL: An Object
Oriented Graphics Description
Language for Virtual World
Application Support," Master’s
Thesis, September 1992.

Brutzman, Donald P. "NPS AUV
Integrated Simulator, " Master’s
Thesis, March 1992.

Cooke, Joseph M. "NPSNET: Flight

Simulation Dynamic Modeling Using
Quaternions," Master’s Thesis, March
1992.

Daley, John A. "HYPER-NPSNET: A
Virtual World with An Integrated 3D
Hypertext," Master’s Thesis, March
1992.

Park, Hyun Kyoo "NPSNET: Real-Time
3-D Ground-Based Vehicle Dynamics,"
Master’s Thesis, March 1992.

OTHER: Zyda, Michael J. and Pratt,
David R. '"NPSNET: LHD-1 Landing
Script,” on ACM SIGGRAPH Video

Review, Vol. 70, July 1992, entitled
"Visualization Software: The State
of the Art,". The video segment
shows a brief «c¢lip of NPSNET
animating the landing of an LHD-1.
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COMPUTER SCIENCE

1992
Faculty Publications
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T

TECHNICAL REPORTS

Kwak, S.H., McGhee, R.B., and Bihari, T.E., Rational Behavioral Model: A
Tri-Level Multiple Paradigm Architecture for Robot Vehicle Control Software, NPS
Technical Report, NPSCS-92-003, March 1992.

Lee, Y., "Improving the ASW System Evaluation Tool," NPS Technical Report,
NPS-CS-92-015, October 1992.

McGhee, R.B., Clynch, J.R., Kwak, S.H., and McKeon, J.B., Technology Survey and
Preliminary Design for a Small AUV Navigation System, NPS Technical Report,
NPS-CS-92-001, March 199z.

Rowe, N., "Obtaining Optimal Mobile-Robot Paths with Non-Smooth Anisotropic Cost
Functions Using Qualitative-State Reasoning,” NPS Technical Report,
NPS-CS-92-012, September 1992.

Rowe, N. and Kanayama, Y., "Near-Minimum-Energy Paths on a Vertical-Axis Cone
with Anistropic Friction and Gravity Effects: The Details, NPS Technical Report,
NPS-CS-92-013, September 1992.

Shimeall, T.J., Shimeall, S.C., "Iterative Software Testing,'" NPS Technical
Report, NPSCS-92-008, 1992.

JOURNAL ARTICLES

DeHaemer ,M.J., 3Zyda, M.J., "Simplication of Objects Rendered by Polygonal
Approximations," Computers & Graphics, Vol. 15, No. 2, pp. 175-184, 1991, Great
Britain: Pergamon Press. Paper received "Best Paper 1991" award from an
international selection committee appointed by the editor of Computers &
Graphics, 29 Sep 92.

Healey, A.J., McGhee, R.B., Cristi, R., Papoulias, F.A., Kwak, S.H., Kanayama,
Y., lee, Y., Shukla, S., and Zaky, A., "Research on Autonomous Underwater
Vehicles at the Naval Postgraduate School,"” Naval Research Reviews, Vol. XLIV,
No. 1, pp. 43-51, 1992.

Hsiao, D. K., "Federated Databases and Systems: A Tutorial on Their Data
Sharing," The International Journal on Very Large Data Bases (VLDB Journal), Vol.
1, No. 1, July 1992.

Hsiao, D. K., "Federated Databases and Systems: A Tutorial on Their Resource

Consolidation," The International Journal on Very Large Data Bases (VLDB
Journal), Vol. 1, No. 2, October 1992.
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Lundy, G.M., "Formal Model of a High Speed Transport Protocol," in Protocol
Specification, Testing and Verification, XII, North-Holland. (with R.C.
McArthur).

Lundy, G.M., "Specification and Analysis of the FDDI MAC Protocol Using Systems
of Communicating Machines," in Computer Communications, Vol. 15, No. 5, June
1992. (with I. F. Akyildiz).

Steed, A., Rowe, N., and Carter, E., "Using Artificial 1Intelligence for
Hydrographic Survey Planning," The Hydrographic Journal, Vol. 64, April 1992,
supported by direct funding, sponsor the Naval Ocean Systems Center, San Diego.

Wu, T., "Faster Program Development with Actor’s WDL and Action Methods," Journal
of Object-Oriented Programming, Vol. 4, No. 9, pp. 54 - 60, Feb 1992.

Wu, T., "Improving Reusability with Actor’s Protocol Mechanism," Journal of
Object-Oriented Programming, Vol. 5, No. 1, pp. 49 - 51, March/April, 1992.

Wu, T., "Protocol vs. Multiple Inheritance," Journal of Object-Oriented
Programming, Vol. 5, No. 4, pp. 72 - 75, July/August 1992.

Zyda, M.J., Pratt, D.R., Falby, J.S., and Mackey, R.L., "NPSNET: Hierarchical
Data Structures for Real-Time Three-Dimensional Visual Simulation," Journal of
Computers & Graphics, Vol. 17, No. 1, 1993.

Zyda, M.J., Osborne, W.D., Monahan, J.G., and Pratt, D.R., "NPSNET: Real-Time
Collision Detection and Response,' Journal of Visualization and Computer
Animation, special issue on Simulation and Motion Control, Vol. 4, No. 1, pp.,
August 1992.

Zyda, M.J., "The Software Required for the Computer Generation of Virtual
Environments," abstract in the Journal of the Acoustical Society of America, Vol.
92, No. 4, Pt. 2, pp. 2345-2346, October 1992.

CONFERENCE PROCEEDINGS

Berzins, V., Lugi, and Lee, Y., "Applications and Meaning of Inheritance in
Software Specifications,” in Proceedings of the 25th Hawaii International
Conference on System Sciences, Kauai, Hawaii, pp. 64-73, 7-10 January 1992.

Brutzman, D.P., Kanayama, Y, and Zyda, M.J., 1992b. "Integrated Simulation for
Rapid Development of Autonomous Underwater Vehicles," in Proceedings of the IEEE
Oceanic Engineering Society Conference AUV 92, Washington, D.C., pp. 3-10, 2-3
June 1992.

Brutzman, D.P., Compton, M.A., and Kanayama, Y., 1992c"Autonomous Sonar
Classification Using Expert Systems," in Proceedings of the IEEE Oceanic
Engineering Society Conference OCEANS 92, Newport, R.I., October 26-29, 1992.
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Brutzman, D.P., Kanayama, Y. and Zyda, M.J., "Integrated Simulation for Rapid
Development of Autonomous Underwater Vehicles," Proceedings of the 1992 Symposium
on Autonomous Underwater Vehicle Technology, Washington, DC, pp. 3-10, 2-3 June
1992.

Byrnes, R.B., MacPherson, D.L., Kwak, S.H., Nelson, M.L., and McGhee, R.B., "An
Experimental Comparison of Hierarchical and Subsumption Software Architectures
for Control of an Autonomous Underwater Vehicle," Proceedings of 1992 IEEE
Symposium on Autonomous Underwater Vehicle Technology, Washington, DC, pp.
135-141, 2-3 June 1992.

Falby, J.S., Z%Zyda, M.J., Pratt, D.R., and Wilson, K.P., "Educational and
Technological Foundations for the Construction of a 3D Virtual World,"” in the
Proceedings of Virtual Reality ‘92, San Jose, 23-25 September 1992.

Hsiao, D.K., "The Object-Oriented Database Management,' Proceedings of the Second
Far-East Workshop on Database Systems, Kyoto, Japan, April 1992.

Kanayama, Y., "Architectural Consideration for Real-Time Control System and
Simulator," Workshop on Architectures for Intelligent Control Systems, IEEE
International Conference on Robotics and Automation, Nice, France, pp. 30-31, 10
May 1992.

Kwak, S.H., McKeon, J.B., Clynch, J.R., and McGhee, R.B., "Incorporation of
Global Positioning System into Autonomous Underwater Vehicle Navigation,"
Proceedings of 1992 IEEE Symposium on Autonomous Underwater Vehicle Technology,
Washington, DC, pp. 291-297, 2-3 June 1992.

Lee, Y. and Bonsignore, J., ‘'Underwater Multi-Dimensional Path Planning, in
Proceedings of the Tenth Annual National Conference on Ada Technology, Arlington,
virginia, pp. 357-360, 24-27 February 1992.

Lee, Y. and Lugi, "Controlling an Autonomous Underwater Vehicle Using an Expert
System,” in Proceedings of the Second International Conference on Automation,
Robotics and Computer Vision, Singapore, pp. AI-3.6.1-6, 15-18 September 1992.

Lundy, G.M., "Design of High Speed Transport Protocols," in Proceedings, IEEE
Military Communications Conference, San Diego, CA, 4-7 November 1991. (with R.C.
McArthur) .

Lundy, G.M., "An Algorithm for Improving Security in FDDI," in Proceedings,
Optical Engineers/Fibers 92, Boston, Mass.

Luqi and Lee, Y., "Towards Automated Retrieval of Reusable Software Components,"
in Workshop Notes of AAAI-92 Workshop on Artificial Intelligence and Automated
Program Understanding, San Jose, California, pp. 85-88, 13 July 1992.

Pratt, D.R., 2yda, M.J., Mackey, Randy, L., and Falby, J.S., "NPSNET: A

Net-worked Vehicle Simulator with Hierarchical Data Structures," in the
Proceedings of the IMAGE VI Conference, Scottsdale, Arizona, 14-17 July 1992.
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Stascavage, J.F. and Lee, Y., "BOILERMODEL: A Qualitative Model-Based Reasoning
System Implemented in Ada," in Proceedings of the Tenth Annual National
Conference on Ada Technology, pp. 337-356, Arlington, Virginia, 24-27 February
1992.

Volpano, D.M., "A New Programming Language," in the Proceedings of the DARPA
Software Technology Conference, Los Angeles, CA, pp. 97-101, April 1992, (with
D. Gries).

Wilson, Kalin, P., Zyda, M.J., and Pratt, D.R., "NPSGDL: An Object Oriented
Graphics Description Language for Virtual World Application Support," in the
Proceedings of the Third Eurographics Workshop on Object-Oriented Graphics,
Champery, Switzerland, 28-30 October 1992.

Wu, T., "Visual Query Language for Relational Databases," Proceedings of DS-5
Conference on Semantics of Inter-Operable Database Systems, Lorne, Australia,
vVol. 2, pp. 46-59, November 1992.

Zyda, M.J., Pratt, D.R., Monahan, J.G., and Wilson, K.P., "NPSNET: Constructing
a 3D Virtual World," in Computer Graphics, Special Issue on the 1992 Symposium
on Interactive 3D Graphics, MIT Media Laboratory, pp. 147-156, 29 March - 1 April
1992.

Zyda, M.J., "NPSNET Digest: A Look at a 3D Visual Simulator for Vvirtual World
Exploration and Experimentation," in The 1992 EFDPMA Conference on Virtual
Reality, Washington, DC, 1-2 June 1992.

CONFERENCE PRESENTATIONS

Berzins, V., Lugi, and Lee, Y., “Applications and Meaning of Inheritance in
Software Specifications," in Proceedings of the 25th Hawaii International
Conference on System Sciences, Kauai, Hawaii, pp. 64-73, 7-10 January 1992.

Brutzman, D.P., Compton, M.A., and Kanayama, Y., 1992c"Autonomous Sonar
Classification Using Expert Systems," in Proceedings of the IEEE Oceanic
Engineering Society Conference OCEANS 92, Newport, Rhode Island, 26-29 October
1992.

Guglielmo, E. and Rowe, N., "Natural Language Processing of Captions for
Retrieving Multimedia Data, Conference on Applied Natural Language Processing,
Trento, Italy, April 1992, an extended form was published as Naval Weapons Center
(now Naval Air Warfare Center, Weapons Division) Technical Publication NWC TP
7203, December 1991,

Guglielmo, E., Ntoka, N., and Rowe, N., "A Prototype Decision Support System and

Multimedia Database for Command and Control, 9th Annual Decision Aids Conference,
Monterey, CA, June 1992.
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Hsiao, D. K., a talk on "A Brief History of Research and Development of Database
Machines, ' Daejeon, South Korea, April and June 1992.

Hsiao, D.K., a talk on "“A Recent Advances in Database Software and Hardware
Technologies," Tokyo, Japan, April and June 1992.

Hsiao, D.K., a talk on "Conceptual besigns for Database Applications," Kyoto,
Japan, April and July 1992.

Hsiao, D.K., a talk on "“The Object-Oriented Database Management - A Tutorial on
Its Fundamentals," Kyoto, Japan, April and June 1992.

Hsiao, D.K., a talk on "Database Security - A Tutorial on Its Fundamentals,"
Kyoto, Japan, April and June 1992.

Hsiao, D.K., "An Object-Oriented Approach to Security Policies and Their Access
Controls for Database Management," Proceedings of the Second Far-East Workshop
on Future Database Systems, Kyoto, Japan, April 1992.

Hsiao, D.K., "The Object-Oriented Database Management," Proceedings of the 3econd
Far-East Workshop on Database Systems, Kyoto, Japan, April 1992.

Hsiao, D.K., a talk on '"Federated Databases and Systems - A Tutorial,*® Tokyo,
Japan; Daejeon, South Korea, April and June 1992.

Kanayama, Y., "Architectural Consideration for Real-Time Control System and
Simulator," Workshop on Architectures for Intelligent Control Systems, IEEE
International Conference on Robotics and Automation, Nice, France, pp. 30-31, May
10, 1992.

Kwak, S.H., McKeon, J.B., Clynch, J.R., and McGhee, R.B., "Incorporation of
Global Positioning System into Autonomous Underwater Vehicle Navigation,"”
Proceedings of 1992 IEEE Symposium on Autonomous Underwater Vehicle Technology,
Washington, DC, pp. 291-297, 2-3 June 1992.

lee, Y. and Bonsignore, J., "Underwater Multi-Dimensional Path Flanning, in
Proceedings of the Tenth Annual National Conference on Ada Technology, Arlington,
virginia, pp. 357-360, 24-27 February 1992.

Lee, Y. and Luqi, "Controlling an Autonomous Underwater Vehicle Using an Expert
System," in Proceedings of the Second International Conference on Automation,
Robotics and Computer Vision, Singapore, pp. AI-3.6.1-6, 15-18 September 1992.

Lee, Y. and Bonsignore, J., "Imprecise Orientation for Multi-Dimensicdnal Path
Planning," in the First International Conference on Fuzzy Theory & Technology,
Durham, North Carolina, 14-18 October 1992.

Locke, J., Pratt, D.R., and Zyda, M.J., "Integrating SIMNET with NPS Using a Mix

of Silicon Graphics and Sun Workstations," working paper to Conference on the
Interoperability of Defense Simulators, Orlando, Florida, 17 - 19 March 1992.
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Lundy, G.M., "An Algorithm for Improving Security in FDDI," in Proceedings,
Optical Engineers/Fibers 92, Boston, Mass.

Lugi and Lee, Y., "Towards Automated Retrieval of Reusable Software Components,"
in Workshop Notes of AAAI-92 Workshop on Artificial Intelligence and Automated
Program Understanding, San Jose, California, pp. 85-88, 13 July 1992.

Pratt, D.R., Zyda, M.J., Mackey, Randy, L., and Falby, J.S., "NPSNET: A
Net-worked Vehicle Simulator with Hierarchical Data Structures," in the
Proceedings of the IMAGE VI Conference, Scottsdale, Arizona, 14-17 July 1992.

Shimeall, T.J., "The Use of Self-checks and Voting in Software Error Detection:
A View from Experimentation,' Oregon Graduate Center, 22 May 1992, distinguished
lecture.

Shimeall, T.J., "An Exploration of the Failure Behavior of Software Faults,"
Portland State University, May 25, 1992, distinguished lecture.

Stascavage, J.F. and Lee, Y., "BOILERMODEL: A Qualitative Model-Based Reasoning
System Implemented in Ada," in Proceedings of the Tenth Annual National
Conference on Ada Technology, pp. 337-356, Arlington, Virginia, 24-27 February
1992.

Volpano, D.M., "A New Programming Language," in the Proceedings of the DARPA
Software Technology Conference, Los Angeles; CA, pp. 97-101, April 1992, with D.
Gries.

Volpano, D.M., "Basic Polymorphic Type Inference with Overloading, Formal

Aspects of Computing, British Computer Society, August 1992.

Volpano, D.M., "Parametic Polymorphism and Overloading in Programming Languages,"
University of North Texas, Denton, TX, 13 April 1992.

Volpano, D.M., "Type Inference in Polya," Cornell University, Ithaca, NY, 19 July
1992.

Wilson, Kalin, P., Zyda, M.J., and Pratt, D.R., "NPSGDL: An Object Oriented
Graphics Description Language for Virtual World Application Support,* in the
Proceedings of the Third Eurographics Workshop on Object-Oriented Graphics,
Champery, Switzerland, 28-30 October 1992.

Wu, T., "Dataflow Query Language," Presentation at International Federation for
Information Processing Working Group 2.6 Meeting, Monterey, CA, 6-8 July 1992.

Wu, T., "Visual Query Language for Relational Databases," Proceedings of DS-5
Conference on Semantics of Inter-Operable Database Systems, Lorne, Australia,
Vol. 2, pp. 46-59, November 1992.

Zyda, M.J. and Pratt, D.R., "NPSNET: LHD-1 Landing Script,' on an ACM SIGGRAPH

Video Review, Vol. 70, July 1992, entitled "Visualization Software: The State of
the art."
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Zyda, M.J., Pratt, D.R., Monahan, J.G., and Wilson, K.P., "NPSNET: Constructing
a 3D Virtual World," in Computer Graphics, Special Issue on the 1992 Symposium
on Interactive 3D Graphics, MIT Media Laboratory, pp. 147-156, 29 March - 1 April
1992.

Zyda, M.J., "The Software Required for the Computer Generation of Virtual
Environments," in The 1992 Virtual Reality Conference, Washington, DC, 1-2
December 1992.

Zyda, M.J., "The Software Required for the Computer Generation of Virtual
Environments,'" The 124th Meeting of the Acoustical Society of America, New
Orleands, Session 5aPP on "Psychological and Physiological Acoustics and
Architectural Acoustics: Virtual Environments VI - Multichannel Considerations,
31 October - 4 November 1992.

Zyda, M.J., Attended SIGGRAPH ‘92, Chicago, participated in course entitled
"Immersive Virtual Environments," 26-31 July 1992.

Zyda, M.J., "NPSNET: Terrain Visualization Year 4," given at the HQDA AI
Proponency Conference, Rockville, MD, 3-4 June 1992.

Zyda, M.J., "NPSNET Digest: A Look at a 3D Visual Simulator for Virtual Wworld
Exploration and Experimentation,'" in The 1992 EFDPMA Conference on Virtual
Reality, Washington, DC, 1-2 June 1992.

Zyda, M.J., "NPSNET: Physically-Based Modeling Enhancements to an Object File
Format," presentation with Dave Pratt at Computer Animation ‘92, Geneva,
Switzerland, 18 May - 23 May 1992.

2yda, M.J., "Local Arrangements Chair for SIGHI ‘92, Mcnterey, 30 April - 8 May
1992.

Zyda, M.J., "NPSNET: Constructing a 3D Virtual World," Presentation at the 1992
Symposium on Interactive 3D Graphics, 29 March - 1 April 1992.

Zyda, M.J., "NPSGDL: An Object Oriented Graphics Description Language for Virtual
World Application Support,”" Third Eurographics Workshop on Object-Oriented
Graphics, Champery, Switzerland, 28-30 October 1992.

Zyda, M.J., "NPSNET: Latest Progress,' Sixth Workshop on the Interoperability of
Defense Simulations, Orlando, Florida, 17-19 March 1992.

BOOK CONTRIBUTIONS

Zyda, M.J., Monahan, J.G., and Pratt, D.R., "NPSNET: Physically-Based Modeling
Enhancements to an Object File Format," chapter in Creating and Animating the
Virtual World, Editors: Nadia Magnenat Thalmann and Daniel Thalmann, Publisher:
Springer-vVerlag Tokyo, pp. 35-52., 1992.
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DEPARTMENT OF
ELECTRICAL AND COMPUTER ENGINEERING

The research program of the Department of Electrical and Computer
Engineering (ECE) is very broad, reflecting the variety of skills and interests
of the faculty in providing technical advances and solutions to important
problems for the Department of Defense. DoD Research in ECE is strongly coupled
to instruction, both in bringing the most recent advances into the classroom and
in providing highly relevant and unique thesis topics for officer students to
investigate with faculty guidance.

Research topics span the following areas: Communications, Computer
Engineering, Electromagnetics, ElectroOptics, Electronic Systems, Power Systems,
Radar and Electronic Warfare, Signal Processing, Systems and Controls, and
Underwater Acoustics. The following compendium categorizes each research project
into one of the above areas. Some research projects involve one or more of these
areas, although they are listed here in only one category. Where projects are
externally or partially externally funded, that is noted in the summary. There
is a strong interaction between the department’s teaching and research programs,
both by the incorporation of the latest research into courses and by the
involvement of graduate students in the projects, as indicated by the numbers of
theses completed.

COMMUNICATIONS

Professor Tri Ha is working on a multi-year project to study the
performance of various types of frequency-hopped spread spectrum receivers
suitable for satellite communication in low earth orbits. The work has resulted
in two presentations to MILCOM 92.

Professor Alex Lam is investigating M-ary optical code-division multiple-
access (CDMA) communications with avalanche photodiode detectors. This research
has resulted in two journal papers and one conference paper.

Professor Lam is also involved in a project whose goal is to investigate
wavelet transforms and time-frequency analysis of signals. This project has
received funding from SPAWAR 40. The work has resulted in two MS theses.

Professor Lam has also been working with Sawasd Tantaratana, of the Univ.
of Mass. in an investigation of fast sequential acquisition schemes and system
performance of spread-spectrum systems with complex signature sequences. This
project has procuced one journal paper, two conference papers, and one MS thesis.

Professor Paul Moose is pursuing the accreditation of one or more numerical
computer models to assess the effects of nuclear bursts on the satellite
communications links between ground stations and the UHF Follow-On Satellite
Stations. The work is funded by OPTEVFOR and has produced one MS thesis.
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Frofessor Clark Robertson is engaged in a project whose goal is to determine
the Electronic Counter-Counter Measures (ECCM) potential of various FFH/MFSK
communications systems under conditions of worst case hostile Electronic Counter
Measures (ECM) and fading channels. Three papers, three conference papers, and
one MS thesis have resulted from this work.

Professors Robertson and Ha are working on a project funded by the U. S.
Coast Guard Research and Development Center to determine what Open System
Interconnection (0SI) data communication protocols can be used to provide
effective and efficient data communications for radio-based maritime mobile
services (including satellite systems).

Professor Richard W. Adler is continuing in the fourth year of an
extramurally funded project to conduct numerical analysis and experimental
research in support of the Navy’s requirement to site VLF through UHF
communication antenna systems and support equipment in non-ideal locations such
as polar and equatorial regions containing rugged terrain. In addition, a
program of support for investigating the radiowave propagation characteristics
of the polar (high-latitude) and the equatorial ionosphere was initiated in 1990
and continued in 1992.

Professor Adler is also engaged in an externally funded project to evaluate
the viability of using active (amplified) antennas to receive weak signals in the
strong-signal environment at Navy HF SIGINT sites worldwide.

Professor Adler is engaged in another externally funded project to develop
techniques and methodology for identifying and locating radio noise sources at
Navy HFDF receiving sites worldwide. An automated Performance Evaluation
Technique (PET) was initiated for improving the efficiency of HFDF site surveys
that are conducted. A method of predicting the signal environment that can be
expected at HFDF sites is under development and will reduce the labor-intensive
measurements that are currently required for site performance surveys.

COMPUTER ENGINEERING

Professors Jon Butler and Chyan Yang have been working jointly on a project
to develop logic synthesis techniques and computer-aided design tools for
multiple-valued logic circuits, and ultimately to produce extremely compact and
reliable circuits for use in Navy electronics systems. This work has resulted in
the porting of a computer-aided design (CAD) method for multiple-valued circuits
developed in the previous two years of this project to a parallel computer,
IPSC/2 (Intel Personal Supercomputer). Also, a new minimization approach to the
design of multiple-valued programmable logic arrays has been produced. This
project has resulted in the production of one journal paper and three conference
papers, as well as two theses.

Professor Douglas Pouts is studying design principles for very high-speed
digital circuits in this NPS funded Research Initiation Project. Gallium arsenide
(GaAs) digital integrated circuits (ICs) have the potential to increase the speed
of computers and digital systems by up to half an order of magnitude. However,

109




GaAs-implemented systems lose much of their raw speed in the interconnections
between ICs and subsystems. This research proposes to study both high-speed
chip-to-chip interconnection networks and networks for interconnecting high-speed
digital subsystems, and to develop new circuits, implementation techniques, and
design guidelines that will allow systems to take full advantage of the inherent
speed of GaAs logic. This work has produced one journal paper, one conference
paper, and one MS thesis.

Professor Pouts is also engaged in a newly funded project by SPAWAR 40, the
first phase of which is to test existing GaAs dynamic logic circuits, especially
Two-Phase Dynamic Logic (TDFL), for susceptibility to radiation-induced single
event upsets (SEUs). With this information, predictions can be made about the
number of SEUs that might occur in a specified amount of time for a circuit
exposed to a specified level of radiation. Based on the information gained, it
will be possible to estimate the amount of redundancy required to make a circuit
or system tolerant of SEUs for a specified level of radiation. The preferred
method for providing SEU tolerance is to add redundancy at the circuit level,
thus freeing the logic designer and the system architect from having to worry
about SEUs. Therefore, the second part of the proposed research is to develop
dynamic logic circuits that are tolerant of SEUs. The simulation of a new circuit
is not a sufficient test before using the circuit in a system, especially if the
system is in space. Therefore, the third part of this research will be to lay
out, fabricate, and radiation test circuits that simulate successfully. The work
has resulted in one conference paper, two presentations and three MS theses.

Professor Herschel Loomis, Mr. Ray Bernstein and Visiting Professor Michael
Melich (Space Systems) have been conducting externally funded research into
computer algorithms and architectures for the processing of tactical information.
A major activity was the participation in the data collection experiment on
commercial shipping in a "Chokepoint," the English Channel. This project has
produced four MS theses.

Professor Shridhar Shukla has been working on a two-year project to develop
a framework for mapping hard real-time applications on loosely coupled
multiprocessors to guarantee performance. The emphasis is on task allocation to
minimize contention-based communication cost and on contention-free message
routing. This project has produced one paper which is currently undergoing
revision.

Professors Shukla, Yang, and Amr Zaky (Computer Science) have been working
on a NAVSEA funded project on compile-time support for the processing graph
methodology on the AN/UYS-2 parallel signal processor. The goal of this
continuing project is to develop a methodology for determining the optimal chains
of primitives in processing graph methodology (PGM) applications running on the
AN/UYS~2. The project has resulted in two MS theses and in one conference paper.

Professor Shukla is also involved in a research project which deals with
the design and implementation of the primitives required to manage the
communication and reconfiguration in robust distributed, real-time combat
platforms. This work has resulted in one MS thesis.
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ELECTROMAGNETICS

Professor Jeffrey Knorr has been engaged in a continuation of research on
circuit modeling for microwave computer-aided-design. The objective of this
project is to complete the development of a circuit model for the inductive strip
in homogeneous finline, to begin development of a circuit model for the inductive
strip in inhomogeneous finline and to conduct experiments to validate the models.

Professor Ramakrishna Janaswamy is investigating new techniques for
widebanding VHF wire antennas over the frequency range 30--90MHz for digital
radio applications. The project is funded by the U. S. Army CECOM and has
resulted in the preparation of a technical report and one MS thesis.

Professor Janaswamy is also working on a project to develop a computer model
for predicting HF wave propagation over two and three dimensional terrain for
siting antenna systems under varying terrain situations. The work is supported
by the Naval Security Group Command and has produced two journal articles and one
conference presentation and abstract.

Professor David Jenn is performing research to develop accurate analytical
models and computer codes for various complex microwave antennas and scatterers.
The models are used in the design and evaluation of high performance radar,
communication and EW systems. All aspects of electromagnetic design are
considered: radiation from antennas, electromagnetic compatibility between system
components, and radar cross section prediction and control. One journal paper is
in press and two conference presentations and five MS theses have resulted from
this work.

Professor Hung-Mou lee is investigating the effects of ducting and the
curvature of Earth on sea clutter up to the vicinity of radar horizon. The
results will support tactical operation of a fleet and the local defense of
individual ships. His research has produced two conference papers.

Professor Hung-Mou Lee is also improving the execution speed and accuracy
of the m-Layer program. The m-Layer program developed by NCCOSC predicts ducting
effects of over-the-horizon EM propagation when the mean atmospheric profile over
the propagation path can be considered as vertically stratified. This project
converted the extended precision algorithm for the representation of large
numbers into complex logarithmic format and improved the Airy function evaluation
algorithm. A consistency checking procedure was also implemented to reduce the
precision requirement on the eigenvalues and to assure the accuracy of the mode
eigenfunctions. The execution speed of the program is also improved
substantially. The work is funded by NCCOSC and has resulted in one accepted
journal article, one conference presentation, one technical report and two MS
theses.

Professor Hung-Mou Lee is also working to produce an accurate computer
program for validating other numerical electromagnetic computation codes in work
funded by NCCOSC. The electromagnetic scattering from a zero-thickness,
perfectly conducting, circular, tubular cylinder of finite length with different
anisotropic coatings on its inside and outside surfaces will be investigated. The
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principal axes of the surface impedance tensors lie along the axial and the
ciroumferential directions of the cylinder. The induced electric and magnetic
surface current densities and the far field will be obtained. Analytical
expressions of the double series expansion coefficients of the kernels of the
integral-differential equations of this problem will be obtained and utilized to
assure that extremely accurate numerical results can be obtained. These results
will be used as a standard for valftdating numerical electromagnetic computation
codes. One conference presentation has been accepted relating to this work.

Professor Michael A. Morgan is evaluating the viability for radar cross
section reduction using active counter-EMF cancellation. The concept is based
upon the electromagnetic equivalence theorem wh'ch indicates that a surface
current distribution can be found which ideally cancels the scattered radar
signal in all directions. Implementation of this concept is limited to use of
discrete approximations to the ideal distribution. This project seeks to
quantify approach and its performance in the real world through initial computer
modelling with some experimentation in the second-year.

Professors Morgan and Robertson are conducting an engineering antenna design
study as well as fabricating and testing of a prototype ultra-wideband impulse
receiving antenna. The unique antenna has low pulse dispersion and a relative
bandwidth exceeding 100:1. This work is funded by the U.S. Army CECOM Signals
Warfare Directorate. The design is complete and fabrication of an initial
prototype is on schedule for completion in early 1993.

Professor Robertson is also working on a project funded by NAVMIC whose
purpose is to develop a set of user friendly mathematical applications capable
of computing the radiation pattern and other pertinent antenna parameters of an
antenna or antenna system based on available information. The work has resulted
in one MS thesis.

ELECTRO-QPTICS

Professor John Powers is studying the predicted propagation properties of
transient acoustic and optical waves in an effort to understand the propagation
of very short duration waves and to use such waves in imaging applications. One
presentation and two MS theses have been produced by this work.

Professor Ron Pieper is working to analyze the depth-of-focus for incoherent
periodic sources using the optical visibility as a criterion. The original
direction of this work has been shifted from the theoretical to somewhat more
practical considerations in which the visibility concept is applied to generate
a performance measure for thermal imaging systems. The research has produced
one journal paper and one conference paper.

ELECTRONIC SYSTEMS

Professor Alan Kraus is working on a project funded by the Commanding
Officer, Aviation Supply Office to assure the reliability, operability and
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maintainability of the electronic boxes in the C2 aircraft by performing detailed
thermal analyses to obtain temperature maps of the components in each box.

Professor Kraus is also engaged in a project to investigate the range of
skin temperatures of the PANSAT Vehicle between the sunlight and shadow orbit
zones. A finite difference model was constructed, the analysis was completed and
a report was written. The work was supported by SPAWAR.

Professor Murali Tummala is working on the modernization of Coast Guard’s
LORAN-C tube transmitters by developing techniques for automatic pulse shaping
and monitoring. The project is funded by the Electronics Engineering Center of
the Coast Guard and has resulted in one conference paper and one MS thesis.

Professor Sherif Michael is developing the process for On-Orbit Annealing
of Satellite Solar Panels in this externally funded project. This is &
continuation of the ongoing research on Photovoltaic Power Technology. Research
tasks include the development and testing of a microprocessor based experiment
suitable for small satellites, and incorporating the system proposed in FY 89
research. The Photovoltaic current annealing processes and other related topics
of radiation effects on GaAs, InP, and Si devices. The research has produced one
conference paper and one MS thesis.

Professor Michael is also studying radiation insensitive semiconductor
networks with the objective of applying the new Composite OPAMP techniques for
radiation hardening of analog networks using the NPS Linear Accelerator. One
conference paper and presentation and one MS thesis have been produced by this
work.

Professor Michael is also conducting research on the design and development
of low-sensitivity analog building blocks to be utilized in switched capacitor
network implementations.

POWER SYSTEMS

Professor Robert Ashton is working to implement a computer controlled
system which at least in part can actively compensate for harmonics in a power
system with only the knowledge of the bus voltage. The work has resulted in one
conference paper.

Professor Sherif Michael is involved in a project to investigate and develop
a hybrid power system utilizing solar systems, wind generator systems, and
thermo-electric ¢=2nerator systems to power remote communication stations in
Alaska.

Professors Michael and Ashton are working to design and modify a power
distribution panel of an existing communication system to provide the capability

of uninterruptable operation when switching between different power sources.

Professor Stephen Williams is beginning work on a project to develop a set
of metrics for evaluating power system detailed waveform analysis tools funded
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by Advanmced Research Projects Agency (ARPA). The scope of shipboard electrical
system problems must be defined. From this class of problems, a set of applicable
analytic methods for estimating system electrical performance are identified.
During the period of research, one such tool will be parametrically evaluated for
its potential usefulness in predicting the performance of shipboard electrical
systems. The work has produced a technical report and an MS thesis.

Professor Williams is also working to assess the importance of load input
impedances on the shipboard 155 VDC combat power bus. The objectives are to
develop a criterion for establishing system stability based upon a minimum
knowledge of system parameters and to formulate a control approach which ensures
system stability under widely varying conditions. The project is funded by Naval
Surface Warfare Center and has produced a technical report.

Professor Williams is also doing research to verify component design in a
proposed new shipboard electric plant scheme. The project is funded by Naval
Surface Warfare Center and has produced one technical report to the sponsor.

RADAR AND ELECTRONIC WARFARE

Professor Phillip Pace is conducting research to theoretically and
experimentally investigate a new modified residue preprocessing architecture to
enhance the resolution performance of high speed analog-to-digital converters
(ADCs). This is the first part of a continuing project that is expected to
continue for one or more years. One journal publication and one conference
presentation has resulted from this work.

SIGNAL PROCESSING

Professor Jeffrey Burl is conducting research on dynamic image processing
in the spatial frequency domain using the extended kalman filter. The processing
of image sequences containing a moving object was investigated in this research.
An algorithm based on the extended Kalman filter was proposed. The algorithm was
developed and applied to some sample image sequences to evaluate its performance.
This performance was compared with that of other algorithms found in the litera-
ture. As part of this research project, he and his students developed software
for implementing all of the major image motion analysis algorithms currently
available.

Professor Monique Fargues is conducting research into tracking sources using
the rank revealing QR factorization. The goal of this project is to investigate
the application of the Rank Revealing QR (RRQR) factorization to compute the
signal information, and to take advantage of the simplicity of the QR update to
track moving sources. Two conference papers and one MS thesis have been
published.

Professors Fargues and Cristi are engaged in a project whose goal 1is to

investigate the applications of reduced-rank autoregressive (AR) modeling
techniques to identification of biological underwater sounds. The work has
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produced one MS thesis.

Professors Pargues and Hippenstiel are investigating the properties of
wavelets as they relate to underwater surveillance detection and identification
problems. The research has produced UWB detection software and one MS thesis.

Professors Fargues and Hippenstiel are also investigating advanced
processing techniques to automatically detect and classify certain short duration
signals in a new study funded by the U. S. Army CECOM and just begun in October
1992.

Professor Ralph Hippenstiel is investigating the use of the Instantaneous
Power Spectrum (IPS) and a cumulant based modification of IPS to extract
detection/classification clues from time-frequency representations. The research
is funded by NCCOSC and has produced a technical report, usable detection
software and one MS thesis.

Professor Chin-Hwa Lee has been working on computer aided VLSI design for
tactical image processing. In this research, image processing algorithms have
been implemented directly onto ASIC chips using programmable gate arrays.
Nonlinear algorithms such as dynamic programming and simulated annealing are
studied and implemented. Emphasis 1s concentrated on an integrated CAD
environment using the VHDL for ASIC chip design and modeling. Particular
interests are in the behavioral modeling of programmable VLSI chips with timing
elements. This research has resulted in one conference presentation, and one MS
thesis.

Professor Chin-Hwa Lee is also studying the application of image processing
to sensor data in this externally funded research. In this research, image
processing techniques applied to sensor data are being studied. The dynamic
programming and simulated annealing techniques for image processing have already
been studied. Specific experiments are planned to process acoustic lofargrams
to reveal the characteristics of these techniques. On the other hand, other
image processing techniques for sensor data will also be compared. One conference
presentation and one MS thesis have been produced.

Professors Therrien and Tummala are doing research in multidimensional
signal processing, investigating the development of iterative algorithms for
block matrix equation solution for multidimensional spectral analysis and other
applications and studying transient signal modeling and classification. The
research has generated two journal papers and one MS thesis.

Professor Tummala is also working on the application of time series modeling
techniques to aircraft EMP test data for data compression and storage, and
synthesis of strength waveforms by combining several test point responses. The
project is funded by the Naval Air Warfare Center, Patuxent River, MD, and has
produced one MS thesis.

Professors Herschel Loomis and M. Soderstrand (Visiting) and R. Bernstein

have been performing advanced signal processing studies funded by the Secretary
of the Air Force. They have been investigating advanced signal processing algo-
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rithms and architectures for the detection and characterization of broadband
communications signals in noise and interference. A workshop on cyclostationary
signals and processing was held at NPS in April 1992. One journal paper (in
press), two conference papers, and three theses were produced.

SYSTEMS AND CONTROL

Professor Jeffrey Burl is studying sensor and actuator placement for large
space structure control. An H controller was synthesized for a simulated space
station. Simulated annealing, gradient descent, and an algorithm based on the
influence coefficients of the Karhunen-Loeve transform were investigated as
methods of optimizing actuator placement. The signal processing software for the
LACE dynamics experiment was completed. This experiment measured the structural
dynamics of a satellite on orbit. This experiment provides valuable data on the
accuracy of large space structure models which has an important influence on the
design of LSS controllers and their sensitivity to actuator placement.

Professor Roberto Cristi is pursuing a project which aims at the design of
a control system for rapid pointing of an antenna for EHF satellite
communication. Primary objective is the estimation of offsets due to installation
and construction tolerances, which affect the extremely tight pointing tolerance
of two degrees. This the first part of a two year project, to be completed in FY
1993. The project is funded by NISE West, Vallejo, CA, and has produced a
technical report which is in preparation.

Professor Hal Titus is conducting research on the use of an Extended Kalman
Filter to track the fence data. It will be compared with the present batch
processing results and against targets of known orbit. Maneuver and atmospheric
sensing and glitch rejection algorithms will be developed. Real time tracks with
their own covariance ellipsoids will be displayed. This project is being funded
by NAVSPASUR.

Professor Titus is also developing a Kalman filter torpedo tracking program
under NUWES funding which incorporates the acoustic data and the torpedo’s INS
data as well. The work has generated one MS thesis.

Professor Titus is also conducting research with funding from the U.S. Army
and Space Intelligence Center whose purpose is to support the Crossbow Committee
and several of their intelligence teams. He studied and simulated several Soviet
missiles and attempted to develop techniques to counter them.

UNDERWATER ACOUSTICS

Professor James H. Miller is working with Professors Ching-Sang Chiu and
Robert Bourke of Oceanography analyzing the results of the Barents Sea
experiment. The goal of this experiment was to determine the feasibility of
conducting tomography in the Barents Sea and to investigate space-time coherence
of the acoustic field. In August 1992, NPS and Woods Hole Oceanographic
Institution deployed a set of acoustic sources and receivers including the NPS
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vertical array to tomographically image the Barents Sea Polar Front. In addition
to the scientific gcals, the Barents Sea is a Navy-relevant geographical area and
understanding the acoustic propagation is important to ASW activities. The
project has resulted in one journal paper and two MS theses.

Professors Miller and Chiu are also working on a project whose goal is the
determination of source range and depth in an ocean acoustic waveguide given a
time domain representation of a source-generated signal. The research has
produced one journal article, one conference presentation and two MS theses.

Professor Charles Therrien is developing new technology for modeling and
classifying passive sonar signals in this project funded by NUSC. The work has
resulted in one PhD Dissertation, two MS theses, one technical report and a
workshop presentation.

Professor Therrien is also conducting research whose aim is to develop ARMA
signal models for some specific sonar data sets of interest to ARPA contractor
ORINCON and to transfer the modeling technology to ORINCON and ARPA for their
possible use in the DANTES program.

Professor Lawrence Ziomek is ergaged in research to generalize the Recursive
Ray Acoustics (RRA) Algoriihm, which is funded by NAVSEA. The RRA Algorithm is
a simple, fast, and accurate algorithm that can be used to compute the position,
angles of propagation, travel time, and path length along a ray path and to draw
ray trace plots for speeds of sound that are functions of all three spatial
variables. Investigation of the pecssibility of performing sound-pressure level
calculations using the RRA Algorithm is also being undertaken. The work has
resulted in a paper, a conference presentation and a half-day tutorial.




I R NTROLLT
I NDITTIONER,

Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

Robert W. Ashton,

OBJECTIVE: To implement a computer
controlled system which at least in
part can actively compensate for
harmonics in a power system with only
the knowledge of the bus voltage.

SUMMARY: Due to the proliferation of
power electronics devices in recent
years, the amount of harmonic current
injected into the power system is on
the increase causing undesirable
voltage waveform distortion. This
distortion can cause additional
losses in switchgear, rotating
machines and transformers. Induction
machines may vibrate due to parasitic
torques or not develop sufficient
starting torque. Capacitors will age
faster due tou excessive dielectric
losses and stu:ess The goal of this
research 1is t¢ implement a system
which can at least in part cancel
harmonic currents in a power system
with only the knowledge of the

THE E_OF

TIPLE-VALUED

distorted bus voltage. The power
system characteristics are
established through an adaptive

estimation technique which feeds and
Active Power Line Conditioner with
the proper control information
through an iterative process. The
adaptive estimation system could also
be used to supply power to a number
of DC loads while 1t the same time
compensating harmonics on a source AC
bus. The whole system is controlled
using a personal computer making it
flexible to the needs of a particular
power system.

PUBLICATIONS: R.W. Ashton, and A.E.
Emanuel, "“An Adaptive Estimation
Method for Harmonic Voltage
Minimization by Means of Line
Conditioners," IEEE-PES, Summer

Meeting, Paper 91 SM 307-9 PWRD, San
Diego, CA, July 1991.

GIC IN THE

DESTIGN OF DIGITAL SYSTEMS

Jon T. Butler,

Professor

Chyan Yang, Assistant Professor
Department of Electrical and Computer Engineering

Sponsor:

Funding:
OBJECTIVE: Development of 1) design
techniqgues for compact
multiple-valued circuits, and 2)
parallel techniques for use on

parallel computers in the d~sign and
analysis of multiple-valued
programmable logic devices.

SUMMARY: At the point of this
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writing, no salaries have been
expended on this project. However, we
have succeeded in implementing a
parallel version of a simulated
annealing minimization algorithm
produced nine months ago on a serial
machine. Specifically, we have
implemented the algorithm on eight
SUN workstations configured as a




multiprocessor with one processor as
the master. This particular
implementation could wuse such a
system, since there is little
coupling between processes. Our
results are preliminary, but we have
shown that eight processors are
beyond the point of diminishing
returns for the quality of the
solution as it depends on the number
of processors.

PUBLICATIONS: Schueller, K.A. and
J.T. Butler, "On the Design of
Cost-Tables for Realizing
Multiple-vValued Circuits," IEEE
Transactions on Computers, February
1992, pp. 178--189; this 1is an
extended version of K.A. Schueller,
P.P. Tirumalai, and J.T. Butler,

“Analysis of the Cost Table Approach

to the Design of Multiple-Valued
Circuits," Proceedings of the 1986
International Symposium on

Multiple-valued Logic, May 1986, pp.
42--50.

Dueck, G.W., R.C. Earle, P.P.
Tirumalai, and J.T. Butler,
"Multiple-Valued Programmable Logic
Array Minimization by Simulated
Annealing," Proceedings of the
International Symposium on
Multiple-Valued Logic, May 1992, pp.
66--74.

Sasao, T. and J.T. Butler, "On the
Analysis of an FPGA Architecture,"
Proceedings of the International
Symposium on Logic Synthesis and
Microprocessor Architecture, July
1992, pp. 162--168.

Yang, C. and 0. Oral, "Experiences of
Parallel Processing with Direct Cover
Algorithms for Multiple-Valued Logic
Minimization," Proceedings of the
International Symposium on
Multiple-valued Logic, May 1992, pp.
66-74.
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CONFERENCE PRESENTATIONS: Butler,

J.T., "Multiple-Valued Programmable
Logic Arrays," California State
University -- Fresno, March 6, 1992.
J.T. Butler, “"Multiple-vValued

Programmable Logic Array Minimization

by Simulated Annealing,"
International Symposium on
Multiple-vValued Logic, May 27, 1992.
Butler, J.T. and S.W. Butler,
"Profiles of Topics and Authors of
the International Symposium  on
Multiple-valued Logic for 1971-

-1991," International Symposium on
Multiple-valued Logic, May 28, 1992.

Butler, J.T., "Experiences of
Parallel Processing with Direct Cover
Algorithms for Multiple-Valued Logic
Minimization," International
Symposium on Multiple-valued Logic,

May 27, 1992.

Butler, J.T., '"On the Analysis of an
FPGA Architecture," International
Symposium on Logic Synthesis and

Microprocessor Architecture, July 15,
1992.

Butler, J.T., “'CAD Tools for
Multiple-valued Circuits,"
International Workshop on
Post-Binary ULSI Systems, May 30,
1992.

SEMINAR PRESENTATIONS: Butler, J.T.,

"Multiple-valued Programmable Logic
Arrays,' Naval Postgraduate School,
Monterey, CA, March 11, 1992 (as part
of a class taught by C. Yang).

Butler, J.T., "Multiple-Valued
Program~ »le Logic Arrays," Kyushu
Institute of Technology, Iizuka,
Kyushu, Japan, July 6, 1992.

THESES DIRECTED: Earle, R.C., LT,
USN, "Minimization of Multiple-vValued
Programmable Logic Array Using
Simulated Annealing," Master’s




Thesis, December 1991.

Yildirim, Cc., LT, Turkish Navy,
“Multiple-valued Programmable Logic

by Concurrent
Simulated
Thesis,

Array Minimization
Multiple and Mixed
Annealing," Master’s
December 1992.

L, LY HIGH FRE

Roberto Cristi,

Associate Professor

Department of Electrical and Computer Engineering

Sponsor:

NISE West (formerly NAVELEX), Vallejo, CA

Funding: NISE West

OBJECTIVE: This project aims at the
design of a control system for rapid
pointing of an antenna for EHF
satellite communication. Primary
objective is the estimation of
offsets due to installation and
construction tolerances, which affect
the extremely tight pointing
tolerance of two degrees. This the
first part of a two year project, to
be completed in FY 1993.

SUMMARY: A mathematical model for the
effects of the offsets in
installation has been devised, based
on Euler parameter approach. It turns
out that this approach allows the
application of standard linear

TRACKIN OQURCES

algebra technique for the estimation
and correction of the various
errors. Computer programs have been
written for simulation and analysis,
and are in the process of being
tested on real data. Problems of ill
conditioning call for particular
solution techniques least sensitive
to computational errors.

PUBLICATIONS: Cristi, R., and W.D.
Riling, "The Application of Euler
Parameter Techniques to the

Estimation and Correction of Offset
Errors in an Extremely High Fregquency
(EHF) Antenna," Technical

Report in preparation.

ING THE RANK-REVEALI

OR FACTORIZATION

Monique P. Fargues, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: NCCOSC,
Funding: Unfunded

OBJECTIVE: The goal of this on-going
project is to investigate the
application of the Rank-Revealing QR
(RRQR) factorization to compute the
signal information, and to take
advantage of the simplicity of the QR
update to track moving sources.

SUMMARY : Subspace decomposition
methods are a powerful tool used in
different areas of Signal Processing
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in which the signal information is
usually obtained via eigen-based or
SVD-based methods. These techniques
are numerically very stable but
expensive to update. The RRQR
factorization provides an attractive
alternative to accomplish subspace
selection. Last year we proposed to
add an updating capability to the
RRQR factorization, and applied it to
the Direction ©Of Arrival {DOA)




problem. During 1992 we have refined
the original algorithm and have
improved its tracking capabilities.
Simulations show the performance of
the "refined” adaptive RRQR-based
technique is similar to that obtained
using classical eigen-based
techniques.

CONFERENCE PUBLICATIONS: Fargues,
M.P., “Tracking Moving Sources Using
The Rank Revealing QR Factorization,"
25th Asilomar Conference on Signals,
Systems, and Computers, Pacific
Grove, CA, 4-6 November 1991,

Fargues, M.P. and M.P. Ferreira,
“"Adaptive RRQR-Based Factorization:
Improving the Algorithm Tracking
Capabilities," 26th Asilomar
Conference on Signals, Systems, and
Computers, Pacific Grove, CA, 26-28
October, 1992.

THESIS DIRECTED: Ferreira, M.P.,
LCDR, Brazilian Navy, “Fast High-
Resolution Techniques Applied to the
Direction-0Of-Arrival Problem,”
Master’s Thesis, September 1992.

MODELING, DETECTION, AND RECOGNITION TECHNIQUES
FOR UNDERWATER BIOLOGICAIL, DATA
Monique P. Fargues, Assistant Professor
Roberto Cristi, Associate Professor
Department of Electrical and Computer Engineering

OBJECTIVE: The goal of this project
is to investigate the applications of
reduced-rank Autoregressive (AR)
modeling techniques to identification
of biological underwater sounds.

SUMMARY: We have been involved in
preliminary work designed to
familiarize ourselves with the area.
The work covered during 1992 was
divided into two parts. The first
part of the research investigated the
use of backpropagation neural
networks and reduced-rank AR models
to identify biological sounds (such
as humpack whale or killer whale
sounds, for example). The second
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part of the study investigated the
use of spectral distances (such as
the Symmetrized Itakura distance) for
biological sound classification. The
digitized acoustic data used for the
research was obtained from audio
tapes provided by the Hopkins Marine
Station of Stanford University,
Pacific Grove, CaA. Preliminary
results have shown reduced-rank AR
models to be a promising tool for
biological sound classification.

THESIS DIRECTED: Vanderkamp, M., LT,
USN, "Modeling and Classification of
Biological Signals," Master’s Thesis,
December 1992, co-advisor.




DESIGN PRINCIPLES FOR VERY HIGH-SPEED

Douglas J. Fouts, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Research Initiative Program
Funding: Naval Postgraduate School

OBJECTIVE: Gallium arsenide (GaAs)
digital integrated circuits (ICs)
have the potential to increase the
speed of computers and digital
systems by up to half an order of
magnitude. However, GaAs-implemented
systems lose much of their raw speed
in the interconnections between ICs
and subsystems. This research
proposes to study both high-speed
chip-to-chip interconnection networks
and networks for interconnecting
high-speed digital subsystems, and to
develop new circuits, implementation
techniques, and design guidelines
that will allow systems to take full
advantage of the inherent speed of
GaAs logic.

SUMMARY: New, high-speed, low-power,
output driver and input receiver, bus

driver and receiver, and bus
transceiver circuits have been
designed for interconnecting GaAs

digital ICs. Simulations have shown
that the use of the new circuits will
increase the system speed of
computers and digital systems that
are implemented with GaAs logic. Full
characterization of the new circuits
requires fabrication and testing, but
fabrication can not be accomplished
at the NPS. A cooperative research
and development agreement (CRDA) was
being negotiated with an industrial
partner who was willing to fabricate
the new circuits. However, the CRDA
was unsuccessful. The principle
investigator is currently attempting
to find alternate fabrication
services. Systems applications for
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the new, high-speed, GaAs circuit
shave been studied. The inherent
radiation hardness of GaAs, together
with its high speed and low power
consumption, make it ideal for use in
space-born systems. Recent efforts
to further improve the speed-power
consumption product of GaAs logic for
use in space systems has focussed on
dynamic logic circuits. The results
of this work are very promising, and
have lead to a new research grant
from the Naval Research Laboratory.

PUBLICATIONS: Fouts, D.J., "A Gallium
Arsenide Digital Phase Shifter for
Clock and Control Signal Distribution
in High-Speed Digital Systems," IEEE
Journal of Solid State Circuits, Vol.
27, No. 5, May 1992, pp. 802--809.

Fouts, D.J. and T.C. Gonter, "A
Microprocessor Interface for
Ferroelectric Capacitor Memory", 26th
Annual Asilomar Conference on
Signals, Systems, and Computers,

October 26--28, 1992.

CONFERENCE PRESENTATIONS: Fouts, D.J.
and T.C. Gonter, "A Microprocessor
Interface forerroelectric Capacitor
Memory", 26th Annual Asilomar
Conference on Signals, Systems, and
Computers, October 1992.

THESIS DIRECTED: Gonter, T.C., CAPT,
USMA, "A Microprocessor Interface for

the NM24CF04 Serial-Access
Ferroelectric Memory", Master’s
Thesis, December 1991.




RADIATION-TOLERANT, HIGH-SPEED.

Douglas J. Fouts, Assistant Professor
Department of Electrical and Computer Engineering

Sponsor:

Funding:

OBJECTIVE: The first phase of this
research project is to test existing
GaAs dynamic logic circuits,
especially Two-Phase Dynamic Logic
{(TDFL) , for susceptibility to
radiation-induced single event upsets
(SEUs) . With this information,
predictions can be made about the
number of SEUs that might occur in a
specified amount of time for a
circuit exposed to a specified level
of radiation. Based on the
information gained, it will be
possible to estimate the amount of
redundancy required to make a circuit
or system tolerant of SEUs for a
specified level of radiation. The
preferred method for providing SEU
tolerance is to add redundancy at the
circuit level, thus freeing the logic
designer and the system architect
from having to worry about SEUs.
Therefore, the second part of the
proposed research 1is to develop
dynamic logic «circuits that are
tolerant of SEUs. The simulation of a
new circuit is not a sufficient test
before using the circuit in a system,
especially if the system is in space.
Therefore, the third part of this
research will be to lay out,
fabricate, and radiation test
circuits that simulate successfully.

SUMMARY: Prototype Two-Phase Dynamic
Logic (TDFL) test circuits have been
obtained for radiation testing. All
equipment necessary to perform the
tests has been ordered, although not
all of the equipment has been
received. Interface circuitry for
operating the TDFL circuits has been
designed. All components necessary
for constructing the interface
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SPAWAR

circuitry has been ordered and
received. The interface circuitry is
currently under construction.

PUBLICATIONS: Billingsly, A.B., D.J.
Fouts, and R. Hamming, ‘“Memory
Latency Reduction Using an Address
Prediction Buffer," 26th Asilomar
Conference on Signals, Systems, and
Computers, 26-28 October 1992.

CONFERENCE PRESENTATIONS: Fouts,
D.J., '"Testing High-speed Digital
Integrated Circuits, " presentation at
a workshop on testing high-speed
integrated circuits at the University
of California at Santa Barbara,
October 19%2.

Billingsly, A.B., D.J. Fouts, and R.
Hamming, 'Memory Latency Reduction
Using an Address Prediction Buffer,"
26th Asilomar Conference on Signals,
Systems, and Computers, October 1992.

THESES DIRECTED: Vagts, C.B., LT,
USN, "A Single-Transistor Memory Cell
and Sense Amplifier for a Gallium
Arsenide Dynamic Random  Access
Memory," Master’s Thesis, December
1992. Received Armed Forces
Communications and Electronics
Association Award.

Nowickey, G.J., LT, USN, "A Read
Prediction Buffer for Dynamic Random

Access Memory,'" Master’s Thesis,
December 1992.

Billingsly, A.B., LT, USN, An
Investigation of Memory Latency

Reduction Using an Address Prediction
Buffer,"” Master’s Thesis, December
1992.

N




RESEARCH IN LOW-ALTITUDE SATELLITE COMMUNICATIONS

AND NETWORKS
Tri T. Ha, Professor
Department of Electrical and Computer Engineering
Sponsor: Naval Ocean Systems Center
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this
multi-year project was to investigate
the performance of various types of
frequency-hopped spread spectrum
receivers suitable for satellite
communications in low earth orbits.

SUMMARY: Four types of
frequency-hopped spread spectrum
receivers were investigated. These
were the noise-normalization
receivers, self-normalization
receivers, the ratio-statistic
receivers, and the simultaneous
frequency-hopped sequence receivers.
For this reporting period,
error-correction coding was added to
the performance analysis of the
ratio-statistic receivers and the
linear combining receivers.
Convolutional codes with
hard-decision Viterbi decoding were
employed for the ratio-statistic

the
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receivers. The linear combining
receivers employed convolutional
codes with soft-decision Viterbi
decoding. Doppler effects were
included in the analysis of the
linear combining receivers.

PUBLICATIONS: Robertson, R.C., J.F.
Riley, and T.T. Ha, “"Error
Probabilities of Fast
Frequency-hopped FSK with
Ration-statistic Combining in a

fading channel with partial-band
interference,'" MILCOM 92, San Diego,
CA.

and T.T.
of a Fast

Robertson, R.C., T.W. Vece,
Ha, "Performance
Frequency-hopped DFT-based MFSK
Receiver with Noise-normalization
Combining in a Fading Channel with
Partial-band Interference," MILCOM
92, San Diego, CA.

TE I R_DETE
ISE R

Ralph D. Hippenstiel, Associate Professor
Monique P. Fargues, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Army CECOM Center for Signals Warfare

OBJECTIVE: To investigate advanced
processing techniques to
automatically detect and classify
certain short duration signals.

SUMMARY: A computational
investigation of various time and
frequency techniques designed to
detect wide band transient signals in
noise was proposed. The first phase
of the study involved the design and
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comparisons of detection procedures
using synthetic transient data. The
second phase applied the detection
schemes to the data provided by the
sponsoring organization. Finally, in
the third phase Fortran code of the
detection scheme best suited to
detect the wide band transient
signals will be provided to the
sponsor.




NON-STATIONARY SIGNALS
Ralph D. Hippenstiel, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Command, Control and Ocean Surveillance
Center

OBJECTIVE: To investigate the use of

the 1Instantaneous Power Spectrum
(IPS) and a cumulant based
modification of IPS to extract

detection/classification clues from
time-frequency representations.

SUMMARY: The principal accomplishment
this year has been the development
and demonstration of the
Instantaneous Power Spectrum (IPS)
and a cumulant based modification

based on IPS. Synthetic and real
underwater signals with a non-
stationary character have been
processed. These signals are

transient or dynamic in nature. That
is they exist only for short periods
of time, or their parameters are
functions of time. The Wigner Ville
Distribution {WD) and the
Instantaneous Power Spectrum (IPS)
have been shown to applicable to non-
stationary signals. Cumulant type
processing minimizes the noise
degradation caused by Gaussian noise.
In the context of detection

/identification this property helps
to improve the performance since the
noise effects are somne what
minimized.

PUBLICATIONS: Hippenstiel, R.,
"Progress report: Characterization
/Feature Extraction from Non-
Stationary Signals,' July 9, 1992.

"Characterization
/Feature Extraction from non-
stationary signals," NPS Technical
Report, NPSEC-93-004, 9 December
1992.

Hippenstiel, R.,

THESIS DIRECTED: Hagerman, K.A., LT,
USN, "Instantaneous Power Spectrum
and 1 1/2D Instantaneous Power
Spectrum Techniques,"” Master’s
Thesis, June 1992.

OTHER: Software to implement the
different processing algorithms was
provided to the sponsor as part of
the research task.

UNDERWATER SURVEILLANCE PROBLEMS
Ralph D. Hippenstiel, Associate Professor
Monique P. Fargues, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: To investigate the
properties of wavelets as they relate
to underwater surveillance detection
and identification problems.

SUMMARY: The study of the spectrum of
signals, usually imbedded in additive
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noise, is important in SONAR/RADAR
target detection and target
identification. Many diverse

techniqueés have been used to obtain a
frequency versus time description.
The Affine Wavelet Transform has been
introduced in the last decade. This




transform offers the potential
advantage of zooming in some details
or getting the most important

features of the signal under study.

This research served in many ways to
foster understanding of time-
frequency representations. Single and
multiple tonal signals with narrow
band characterizations have been
examined using the wavelet transform
type representation. Pulsed sinusoids
and transients have also been
processed using a Morlet derived
wavelet, as well as in using the
Mallat and the "a trous' algorithms.

THESIS DIRECTED: Brooks, W.A., LT,
USN, '"Ultra-wWideband Radar Transient
Signal Detection using Time-Frequency
and Wavelet Transforms,' Masters
Thesis in Electrical Engineering,
December 1992.

OTHER : Wavelet transform software
designed to detect UWB transient in
the presence of non-stationary noise
and RFI interference provided to the
Radar Branch of NCCOSC, San Diego,
CA, December 1992. Computer codes in
Matlab language are also available.

Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Army CECOM

OBJECTIVE: To investigate new
techniques for widebanding VHF wire
antennas over the frequency range
30--90MHz for digital radio
applications.

SUMMARY: In the first phase of the
project we have designed abroadband
wire antenna to operate over the
frequency range 30--90 MHz. A simple
whip consisting of a 1m high
resistively loaded monopole antenna
was considered. A lossless tuning
network was designed to render the
input impedance as well as the
radiation pattern of the antenna
relatively insensitive to
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frequency. The antenna is cheap to
fabricate, light-weight, and can be
easily mounted on moving vehicles or
back-packs. FORTRAN programs were
developed to facilitate computer
aided design on a PC.

PUBLICATIONS:
"Widebanding
Antennas-I,"
NPS-EC-92-010,

Janaswanmy, R.,

Techniques for VHF

NPS Technical Report,
1992.

THESIS DIRECTED: J. Park, LT, USN,
"Design of Matching Network for
Dipole Antennas,'" Masters Thesis in
Electrical Engineering, September
1992,




DEVELOPMENT OF 3D MODEL FOR PROPAGATION

Ramakrishna Janaswamy, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Security Group Command

OBJECTIVE: To develop a computer
model for predicting HF wave
propagation over two and three
dimensional terrain for siting

antenna systems under varying terrain
situations.

SUMMARY: In the first year of the
project we have developed a full wave
model that automatically takes into
account the important contributions
of surface wave and backscattering
for waves propagating over a two
dimensional terrain profile. The
model is based on the combination of

a Fredholm integral equation and
radiation boundary conditions. A
computer code was developed that

predicts ground wave attenuation as
well as sky-wave patterns for a given

measurements to validate the model.
In the next fiscal year we will
develop a model to handle the case of
propagation over finite 3D obstacles.

PUBLICATIONS: R. Janaswamy, "2-D
Radiation Boundary Conditions on an
Arbitrary Outer Boundary,‘' Microwave
and Optical Technology Letters, Vol.
5, No. 8, pp. 393--395, July 1992.

R. Janaswamy, "A Fredholm Integral
Equation Approach to Propagation
Predictions Over Small Terrain
Irregularities,' IEEE

Transactions Antennas Propagation,
Vol. 40, No. 11, November 1992.

R. Janaswamy, "A Fredholm integral
equation approach for wave
propagation over irregular terrain,"

set of terrain and ground data. 1992 IEEE AP-S/URSI Meeting Digest,
Extensive comparision has been made Session TAQ05, Vol. 2, pp. 765-768,
with existing models and with Chicago, IL, 1992.
RADIATI AND TTERIN IES USIN
THE METHOD OF MOMENTS
David C. Jenn, Associate Professor

Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this research
was to develop accurate analytical
models and computer codes for various
complex microwave antennas and
scatterers. The models are used in
the design and evaluation of high
performance radar, communication and
EW systems. All aspects of
electromagnetic design are
considered: radiation from antennas,
electromagnetic compatibility between
system components, and radar cross

127

section prediction and control.

SUMMARY : During the past year
research has been conducted in four
areas. A brief description of each
follows:

(1) Design of small, efficient dual
reflector antennas: A computer code
has been developed to analyze axially
symmetric displaced-axis antennas.
Research has shown that this type of




antenna has superior gain performance
compared a <classical |cassegrain
configuration of the same size. This
will result in potentially smaller
and lighter antennas for manpack and
satellite communication systems.

(2) Analysis of curved radome
effects: Verification and testing of
a computer code to model aircraft
radomes has been completed. A method
of moments solution is wused to
evaluate the defocusing and
depolarization effects of curved
radomes on microwave scanning
antennas. This type of radome is
frequently used in fighter aircraft
and missile applications, and its
presence may adversely affect the
radar‘s performance. This solution is
unique in that it allows the radome
to be in the near field of the
antenna. This situation is commonly

encountered in practice, and cannot
be handled by the usual radome
models.

(3) Radar cross section synthesis: a
synthesis procedure was developed to
determine the material properties of
an arbitrary target so that a
specified radar cross section is
obtained. The method can be used in
the design of low observable targets,
and can be extended to handle the
treatment of isoclated areas of a
target’s surface to reduce hot spots.
The synthesis procedure has been
demonstrated on simple shapes such as
strips and plates.

(4) Radar cross section reduction of
indirect-file projectiles: Weapons
locating radars have the ability to
detect and track incoming shells and
extrapolate back to determine the
coordinates of the firing mechanism.
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As a counter to these radars, the
cross section of artillery and mortar
rounds was computed and reduced using
the method of passive cancellation.
Significant reduction was achieved by
simply adding two shallow slots to
the round.

PRESENTATIONS: Jenn, D.C., "Solution
of Inverse Scattering Problems Using

a Method of Moments Approach,”
Applied Computational
Electromagnetics Society, The Eigth

Annual Review of Progress in Applied
Computational Electromagnetics, March
1992.

Jenn, D.C., "Radar Cross Section
Synthesis Using the Method of
Moments, " North American Radio
Science Meeting, June 1992.

THESES DIRECTED: Benden, C.P., CAPT,
USMC, YRadar Cross Section of
Indirect-fire Projectiles, Master’s
Thesis, December, 1992.

Fletcher, J.E., CAPT, USMC, "Radar
Cross Section of Reflector Antennas,"
Master’s Thesis, June, 1992.
Ordonez, M.V., LT, USN, "Method of
Moments Analysis of Symmetric Dual
Reflector Antennas With Feeds,"
Masters Thesis, June, 1992.

Vered, N., LCDR, Israeli Navy,
“"Method of Moments Analysis of
Displaced-Axis Dual Reflector
Antennas,'" Master’s Thesis, March,
1992.

Francis, R.M., LT, USN, "“A Computer
Model for the Transmission
Characteristics of Dielectric
Radomes,' Master’s Thesis, March,
1992.




THERMO-ACOUSTIC COOLING QF C2 ELECTRONICS
Allan D. Kraus, Senior Lecturer
Department of Electrical and Computer Engineering
Sponsor: Naval Air Station, San Diego
Funding: Aviation Supply Office

OBJECTIVE: The goal of this project temperature maps of the components in
was to assure the reliability, each box.
operability and maintainability of
the electronic boxes in the C2 SUMMARY: Analysis of one box was
aircraft by performing detailed conducted and a report was written.
thermal analyses to obtain Additional work forthcoming.

Y ¥ H

Allan D. Kraus, Senior Lecturer
Department of Electrical and Computer Engineering
Sponsor and Funding: NRL/SPAWAR

OBJECTIVE: The goal of this project SUMMARY: A finite difference model
was to investigate the range of skin was constructed, the analysis was
temperatures of the PANSAT Vehicle completed and a report was written.
between the sunlight and shadow orbit
zones.

—~ARY OPTI D TT

Alex W. Lam, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project Chernoff upper bound as well as the
was to investigate M-ary optical Gaussian approximation results could
code-division multiple-access (CDMA) therefore be calibrated using these
communications with avalanche computational efficient bounds.

photodiode detectors.
PUBLICATIONS: Lamm, A.W. and A.M.

SUMMARY: Arbitrarily tight upper and Hussain, '"Performance Analysis of
lower bounds on the probability of Direct-Detection Optical CDMA
bit error (p.b.e.) for optical CDMA Communication Systems with Avalanche
systems were developed. These bounds Photodiodes," IEEE Transactions on
were necessary because the exact Communications, Vol. COM-40, No. 4,
evaluation of the p.b.e. was pp. 810--820, April 1992.

intractable and computer simulation A.W. Lam, “Arbitrary Tight PBE Bounds
would require formidable amounts of for Optical CDMA Communications," IEE
computation time. The techniques Electronics Letters, Vol. 28, No. 12,
could be applied to general multiple- pp- 1139--1140, June 1992.

access systems. The simple modified
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CONFERENCE PRESENTATION: A.W. Lam,
“Brror Probability Bounds for APD
Based Optical CDMA Communications,"
Proceedings of the 1992 Conference on

Alex W. Lam,

Information Sciences and Systems,

Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
was to investigate wavelets and time-
frequency analysis of signals.

SUMMARY: We proposed wavelet-based
time-frequency analytical techniques
for transient and general classes of
signals. Problems of particular
interests were the detection and
clagssification of multiple signals
and chirped waveforms in additive
noise. Impulsive and 1/f noise
processes would be considered. The

Princeton University, p. 107, March
1992.
- Y
Assistant Professor
results would be applicable to

important problems in radar and sonar
systems and digital communications.

THESES DIRECTED: Kalmbach, M.R.,
CAPT, USMC, “"Wavelet-based
Multiresolution Analyses of Signals,"
Master’s Thesis, June 1992.

Legaspi, J.E., LT, USN, "One and Two
Dimensional Discrete Wavelet
Transforms," Master’s Thesis,
September 1992.

SEQUENTIAL ACQUISITION SCHEMES FOR SSMA SYSTEMS
WITH GENERALIZED SIGNATURE SEQUENCES

Alex W. Lam,

Assistant Professor

Department of Electrical and Computer Engineering
Sponsor and Funding: Army Research Office

OBJECTIVE: The goal of this project
was to investigate fast sequential
acquisition schemes and system
performance of spread-spectrum
systems with complex signature
sequences.

SUMMARY: This research proposed to
investigate sequential code sequence
schemes for spread-spectrum multiple-
access communication systems with
generalized signature sequences.
Fast, robust sequential code sequence
acquisition schemes were developed
and analyzed for systems with or
without the presence of data
modulation. Parametric and
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nonparametric schemes were proposed.
Noncoherent and M-ary digital
modulations were employed together
with the generalized (nonbinary and
polyphase) sequences. Product
sequences that were efficient for

rapid multiple-level sequential
and/or parallel detections were
proposed. The results were essential

to the understanding of the system
efficiency and reliability.

PUBLICATION: Lam, A.W. and F.M.
Ozluturk, "Performance Analysis of
Direct-Seguence Spread-Spectrum
Communications with Complex Signature
Sequences," IEEE Transactions on




Communications, Vol. COM-40, No.
pp- 1607--1614, October 1992.

10,

CONFERENCE PRESENTATIONS: Lam, A.W.,
S. Tantaratana, and P. Vincent,
"Effects of Fading and Modulation on
Noncoherent PN Sequence Sequential

Sequences, " Proceedings IEEE Military
Communications Conference, San Diego,
pp. 35.5.1--35.5.5, October 1992.

THESIS DIRECTED: Vincent, P.J., LT,
USN, “Effects of Fading and Data
Modulation on Noncoherent m-sequence

Acquisition Schemes," Proceedings Acquisition Schemes, " Master’s

IEEE Military Communications Thesis, March 1992.

Conference, San Diego, pp. 17.1.1--

17.1.5, October 1992. OTHER: Ozluturk, F.M., S.
Tantaratana, and A.W. Lam,

Ozluturk, F.M., S. Tantaratana, and "Performance Bounds for DS/SSMA

A.W. Lam, 'Probability of Bit Error Systems with Noncoherent Signaling

of DS/SSMA Systems with MPSK Schemes, " invited paper to Dbe

Signaling and Complex Signature presented at IEEE MILCOM ‘93.

COMPUTER AIDED VLSI DESIGN FOR TACTICAL IMAGE PROCESSING

Chin-Hwa Lee, Professor
Department of Electrical and Computer Engineering

Sponsor:
Funding:
OBJECTIVE: In this research, image
processing algorithms will be
inplemented directly into ASIC chips
using programmable gate arrays.

Nonlinear algorithms such as dynamic
programming and simulated annealing
will be studied and implemented.
Emphasis 1s concentrated on an
integrated CAD environment using the

VHDL for ASIC chip design and
modeling. Particular interests will
be the Dbehavioral modeling of

programmable VLSI chips with timing
elements.

SUMMARY: Our confidence to start with
a VHDL behavior model and push it

through the intermediate design
levels to an actual chip
implementation 1is increased to a

large extent in the FY92 effort. The

algorithm development of the
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Research Initiation Program
Naval Postgraduate School

simulated annealing algorithm was

continued. Modeling and system
implementation were directed to a
FPGA chip demonstration. This
experience and capability in NPS
should be interesting to other
operations in the Navy.

PUBLICATION: Lee, C.-H., "Simulated

Annealing Applied to Acoustic Signal

Tracking," SPIE/IS&T Symposium on
Electronic Imaging Science and
Technology, San Jose, February 14,
1992.

THESIS DIRECTED: Loeblein, J., LT,
USN, “Digital Logic Testing:

Incorporating the Design Simulation
File into a Hardware Test System
Analysis," Master’s Thesis, December
1992.




Chin-Hwa Lee,
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Research Laboratory

OBJECTIVE: In this research, image
processing techniques applied to
sensor data will be studied. The

simulated annealing techniques for
image processing 1is of particular
interest. Specific experiments are
planned to use a DSP environment,
Ptolemy. The goal 1is to achieve
programming on parallel computer
systems through graphics
presentation.

SUMMARY : The FY92 effort was
concentrated on studying the
simulated annealing technique. A
series of @experiments involving
artifically generated lofargrams were
tested in the prototype algorithms.
Test cases are divided into three

categories, (1) single tonal
tracking, (2) multitonal tracking,
and (3) sweep tonal tracking. The

signals are buried in white noise
with signal to noise ratios (SNR) of3

db, 0 db, -3 db, -6 db, -9 db, -12
dh, and -18 db. The prototype
Y DEST

Chin-Hwa Lee,
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Surface Warfare Center

OBJECTIVES: This proposal will
develop & subset of the MIM library
in VHDL. Guidelines of development
and design with the MIM will be
developed. Whenever possible,
commercial tool sets will be used.
Special attention will be paid to
provide an easy interface between the
VHDL MIM and custom tool environment

such as ADAS. The study of
complexity measurement will be
conducted. Several algorithms
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Professor

algorithm can achieve successful
tracking in a -18 db signal to noise
ratio environment. These remarkable
results cannot be paralleled by any
known algorithm at this point in
time. The Ptolemy environment does
provide a graphics environment to
simulate DSP algorithms. The
documentation is not at the stage to
be self explanatory. There is no
tutorial available to help the users.
Therefore, the learning curve to use
this tool is very high initially.

PUBLICATION: Lee, C.-H., '"Simulated
Annealing Applied to Acoustic Signal

Tracking,' SPIE/IS&T Symposium on
Electronic Imaging Science and
Technology, San Jose, CA, Februery
14, 1992,

THESIS DIRECTED: Brahosky, V.A., LT,

USN, "“A Combinatorial Approach to
Automated Lofargram Analysis,"
Master’s Thesis, June 1992.

SI
Professor

including FFT, Fir filtering, and
network communications will be used
as prototype efforts to demonstrate
the results of this work.

SUMMARY: Two study reports entitled:
“Massively Interconnected Module
Resource Library" and "Complexity
Analysis for Massively Interconnected
Modules" have been delivered to the
sponsor. The first report
established the VHDL library modules




that are necessary to model
complicated systems. Modules working
for FFT and FIR filters have been
tested out. The second report deals
with the complexity analysis in a
massively connected system. In
particular the parallel computation
systems that can handle DOD
applications are particular
interest.

of

PUBLICATIONS: Szu, H., C. Yeh, G.
Rogers, M. Jenkins, A. Farsaie, and
C.-H. Lee, "Speed Up Performances on
MIMD Machines," International

HORT
H.-M. Lee,

E_ANTI-AIR RAD.
Associate Professor

Conference on Neural Networks,

Baltimore, MD, June 1992.

Lee, C.-H., "Massively Interconnected
Models for a Beamformer, ' Proceedings
of the 1992 Complex System
Engineering Synthesis Architecture
Workshop, NSWC, July 20--23, 1992.

THESIS DIRECTED: Sullivan, D.T., LT,
USN, "Computer Simulation Studies of
Two-Dimenional Beamforming for Linear

Arrays Using a Parallel Computer
System," Master’s Thesis, December
1992.

PROPAGATT

Department of Electrical and Computer Engineering
Sponsor and Funding: Office of the Chief of Naval Operations

OBJECTIVE: To investigate the effects
of ducting and the curvature of Earth
on sea clutter up to the vicinity of
radar horizon. The results will
support tactical operation of a fleet
and the local defense of individual
ships.

SUMMARY : A new earth-flattening
approximation based on the
differential equations governing wave

propagation was found to be
consistent with the integral
formulation derived and reported

earlier. The differential formulation
allows ready solution of the fields
in the air. It was shown that this
approach reproduced the formulation
by Fock when restricted to a
homogeneous atmosphere. During this
investigation, it was discovered that
the residue integral of Fock’s
formulation did not converge. Thus
the residue series is asymptotic at
best.
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PUBLICATION: Lee, H.-M., "Earth-
Flattening: A New Approximation,*' in
preparation for Journal of Applied
Physics.

CONFERENCE PRESENTATIONS: Lee, H.-M.,
"Earth Flattening Approximation and
Fock’s Theory for Low Altitude em
Propagation over the Ocean, "
Proceedings of the 1992 International
Symposium on Antennas and
Propagation, Sapporo, Japan, pp. 513-
-516, September 1992.

Lee, H.-M., "“From Mie Solution to
Fock’s Theory for Short Range
Propagation, " Proceedings of the 1992
URSI International Symposium on
Electromagnetic Theory, Sydney,
Australia, 351--353, August 1992.

Lee, H.-M., "Creeping Wave Over a
Flattened Earth," Abstract of the

National Radio Science Meeting, 74,
Boulder, Colorado, January 7--10,
1992.




I

H.-M. Lee, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Command, Control and Ocean Surveillance
Center

OBJECTIVE: To improve the execution
speed and accuracy of the m-Layer

program.

SUMMARY : The m-Layer program
developed by NCCOSC predicts ducting
effects of over-the-horizon EM
propagation when the mean atmospheric
profile over the propagation path can
be considered as vertically
stratified. This project converted
the extended precision algorithm for
the representation of large numbers
into complex logarithmic format and
improved the Airy function evaluation
algorithm. A consistency checking
procedure was also implemented to
reduce the precision requirement on
the eigenvalues and to assure the
accuracy of the mode eigenfunctions.
The execution speed of the program is
also improved substantially.

PUBLICATIONS: Lee, H.-M.,
“"Consistency Checking for Mode
Function Computation of a
Multilayered Dielectric Wavequide,"
submitted to Journal of
Electromagnetic Waves and
Applications.
I FROM A
¥ I PT

Lee, H.M. and Y.Y. Han, "M-Layer: NPS
Version," accepted for publication in
IEEE Transactions on Magnetics, Vol.
29, No. 3, 1993.

CONFERENCE PRESENTATIONS: Lee, H.-M.
and Y.Y. Han, "Improvement of M-
Layer: A Tropospheric Propagation
Program," Digests of the Fifth
Biennial IEEE Conference on
Electromagnetic Field Computation,
Claremont, California, August 1992.

TECHNICAL REPORT: Lee, H.-M. and
Y.Y. Han, "Exponential Representation
and Consistency Checking for M-
Layer,' NPS Technical Report, NPSEC-
92-005, March 1992,

THESES DIRECTED: Han, Y.Y., LT,
Taiwanese Navy, ‘'Complex Exponent
Representations of Large Numbers for
M-Layer," Master’s Thesis, March
1992.

Che, J.P., LT, Taiwanese Navy, "A New
Root Search Strategy for M-Layer,"
Master’s Thesis, September 1992.

INDER
ACE TMPEDANCE

H.-M. Lee, Associate Professor
Department of Electrical and Computer Engineering
Sponsor: Sandia National Laboratories
Funding: Naval Command, Control and Ocean Surveillance
Center

OBJECTIVE: To produce an accurate
computer program for validating other
numerical electromagnetic computation
codes.

SUMMARY : The electromagnetic
scattering from a zero-thickness,
perfectly conducting, circular,
tubular cylinder of finite 1length




with different anisotropic coatings
on its inside and outside surfaces
will be investigated. The principal
axes of the surface impedance tensors

lie along the axial and the
circumferential directions of the
cylinder. The induced electric and
magnetic surface current densities
and the far field will be obtained.
Analytical expressions of the double

AD ED

Herschel H. Loomis,

series expansion coefficients of the
kernels of the integral-differential
equations of this problem will be
obtained and utilized to assure that
extremely accurate numerical results
can be obtained. These results will
be used as a standard for validating
numerical electromagnetic computation
codes.

T TECHNI
Jr., Professor

Department of Electrical and Computer Engineering
and Space Systems Academic Group
M. Soderstrand, Professor
University of California-Davis
Raymond Bernstein, Visiting Instructor
Department of Electrical and Computer Engineering
Sponsor and Funding: Secretary of the Air Force

OBJECTIVE: To investigate advanced
signal processing algorithms and
architectures for the detection and
characterization of broadband
communications signals in noise and
interference.

SUMMARY: My principal accomplishment
this year has been in the development
and realization of algorithms for the
detection and characterization of
cyclostationary signals, such as
Binary Phase Shift Keyed signals.
This work has resulted in one paper
in press and two submitted, two
conference presentations and a
technical report. I have been aided
in this research by the thesis
students and ©particularly by a
visiting colleague, M. Soderstrand,
who developed jointly with a student
and me, some important results on
filtering of narrowband signals prior
to processing signals for their
cyclostationarity. The group
conducted an experiment involving the
collection of 1live data and the
application of spectral correlation
algorithms to that data; analysis of
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the data is proceding. Also as a part
of this project, a special workshop
in "Quadratic Signal Processing' was
organized and held at NPS in April of
1992. Currently, the fifth annual
such workshop is being organized for
April 1993 at NPS.

PRESENTATIONS: Loomis, H.H., Jr. and
R. Bernstein, Jr., "Realization of
TDOA Estimation Architectures,"

Poster paper presented at the NSF

Workshop of Cyclostationarity, W.A.
Gardner, organizer, Yountville, CA,
August 1992.

Loomis, H.H., Jr., "Digital
Implementations of Cyclic Spectrum
Analyzers," Presented to the
Governmnent Only Spread Spectrum

Conference (GOSC), National Security
Agency, May 1992.

THESES DIRECTED: Lancaster, F.D.,
LCDR, USN, "Test Plan for a Special
Collection Experiment, ' Master’s
Thesis, September 1992:
LT, USN, "Geolocation

Benson, T.A.,




using a Cyclostationary Time
Difference of Arrival Technique,"
Master’s Thesis, December 1992.

Carter, LT, USN, '"Design of
Spectral Correlation Analyger
Software,"” Master’s Thesis, December
1992.

N.,

WORKSHOP: Loomis, H.H., Jr.,
Organizer, Quadratic Signal Process-
ing, Representatives of SPAWAR 44,
Naval Security Group Command, Naval
Postgraduate School and Contractors,
NPS, April 1992.

PROJECT GUSTY ORIOLE

Herschel H. Ioomis, Jr.,

Professor

Department of Electrical and Computer Engineering
and Space Systems Academic Group
Raymond Bernstein, Visiting Instructor
Department of Electricel and Computer Engineering
Sponsor and Funding: Secretary of the Air Force

OBJECTIVE: To conduct research into
computer algorithms and architectures

for the processing of tactical
information. To provide support for
the course Space Systems 3001,

Military Applications of Space.

SUMMARY: Investigated Algorithms and
architectures of systems for the
production, distribution and analysis
of tactical information.
Investigated architectures of
spaceborne computer systems.
Investigated operational problems
concerned with the employment of
tactical information for decision
making and targeting. Participated in
the data collection experiment on

commercial shipping in a
"Chokepoint," the English Channel.
Four thesis students have completed

theses analyzing the data from the
experiment.

THESES DIRECTED: Hendrickson, P., LT,
USNR, "Frequency Modulation on Pulse
(FMOP) and other Non-Conventional
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Radar Parameters; Can They Separate

the Wheat from the Chaff?" Master’s
Thesis, June 1992.
Barber, G.P., CAPT, USA, ‘"Space

Systems Analysis and Design Tool
Kit,'" Master of Science in Systems
Technology (Space Systems Opera-
tions), September 1992.

de Beaumont, C., LT, USN, "A Proposal
for , Improved Merchant Ship
Surveillance Involving Maritime
Patrol Forces and Additional Ocean
Surveillance Systems," Master’s
Thesis, September 1992.

Habermehl, S., LT, USN, "Correlation
of Emitter Parametric Data and Active
Radar Tracking Information in the
Dover Strait," Master’s Thesis,
September 1992.

Vandenberg,
“"Collection
Study, "
1992.

D.J.,
Systems
Master’s Thesis,

LT, USN,
Correlation
September




Sherif Michael, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Space and Naval Warfare Command

OBJECTIVE: The goal of this project
is to investigate the possibility of
on-orbit annealing of satellite’s InP
and GaAs solar cells using the new

minority carriers annealing
techniques.
SUMMARY: This is a continuation of

the ongoing research on photovoltaic
power technology. Research tasks
include the development and testing
of a microprocessor based experiment
suitable for small satellites, and
incorporating the system proposed in
FY90 research. The tasks also
include investigation of Photovoltaic
current annealing processes and other
related topics of radiation effects
on GaAs, InP, and Si devices.

PUBLICATIONS: Michael, S., "Analysis
of Radiation Damage and Aannealing
Process in Advanced Solar Cells Using
DLTS Techniques,'" 11th International
Photovoltaic Solar Energy Conference,
October 1992.

L T

R.J., G.P. Summers, and J.
Bruening, "A Detailed Study of the
Photo-Injection Annealing of 1InP
Solar Cells,'” Proceedings of the 12th
Space Photovoltaic Research and
Technology Conference,' NASA Lewis
Research Center, Cleveland, OH,
October 20--22, 1992.

Walters,

CONFERENCE PRESENTATIONS: Michael,
S., "Analysis of Radiation Damage and
Annealing Process in Advanced Solar
Cells Using DLTS Techniques,'" 11th
International Photovoltaic Solar
Energy Conference, October 1922.

Walters, R.J., "A Detailed Study of
the Photo-Injection Annealing of InP
Solar Cells,'" Proceedings of the 12th

Sherif Michael, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Space and Naval Warfare Command

OBJECTIVE: The goal of this project
is to investigate the advantage of
applying the new composite OPAMP
techniques for radiation hardening of
analog networks, using the NPS linear
accelerator.

SUMMARY: In this research a novel
technique for reducing active device
sensitivity to radiation is
investigated. The new designs are
based on Composite Amplifiers,

Space Photovoltaic Research and
Technology Conference, NASA Lewis
Research Center, Cleveland, OH,
October 20--22, 1992.

EMI R RK
previously introduced by
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the investigator. The technique is
applicable to both hard and soft
devices. Preliminary data
demonstrates the impressive results
when device parameters were measured
during irradiation using NPS LINAC.
Further study is needed to fully
address all the advantages of these
designs in different network
topologies, and under various
radiation conditions. This research




also has application in the
investigation of current ORION
satellite hardware survivability in

space.

THESIS DIRECTED: Mayfield, T.E., LT,

USN, “Computerized Diagnostic
Analyzer fo SSBN Class Low Voltage DC
Weapon Power System," Master’s
Thesis, March 1992.

ANALOG VLSI AND THEIR APPLICATIONS TO

NEURAL NETWORKS IMPLEMENTATION
Sherif Michael, Associate Professor
Department of Electrical and Computer Engineering
Sponsor: Naval Weapons Center
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
is to investigate the design and
developments of low-sensitivity
analog building blocks to be utilized
in switched-capacitor networks
implementations.

In this research a novel
technique for designing high
performance, low sensitivity analog
VLSI building blocks is investigated.
The new designs are based on the
composite amplifiers, previously
introduced by the investigator.

SUMMARY :

The research goal 1is to develop
stray-insensitive switched-capacitor
analog building blocks that would be
instrumental in the design of high
performance analog VLSI circuits.
The availablility of such novel
designs would play a key role in the
practical implementations of neural
networks.

OTHER : A conference paper for
publication at the Midwest Symposium
on Circuits and Systems is
forthcoming.

Sherlfrulchael Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Coast Guard

OBJECTIVE: The goal of this project
i1s to investigate and develop a
hybrid power system utilizing solar
systems, wind generator systems, and
thermo-electric generator systems to
power remote communication stations
in Alaska.

SUMMARY : In this research the
possibility of incorporating
different power systems to provide
electrical power to Alaska’s Coastal
Voice Distress Network, operated by
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the U.S. Coast Guard is studied.
research tasks include investigating
the performance of Thermo-Electric
Generators (TEG) providing power to
the current systems; investigating
present and new power sources
technologies; investigating different
energy resources available at the
proposed station sites, including
seasonal change studies; developing
and designinyg reliable hybrid power
systems capable of utilizing
available energy sources at these




These systems would probably
incorporate wind power, solar power,
and TEG systems.

sites.

OTHER: A final report on the results
of this project is forthcoming.

Sherif Michael, Assoc1ate Professor
Robert Ashton, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Coast Guard

OBJECTIVE: The goal of this project
distribution panel of an existing
communication system to provide the
capability of uninterruptable
operation when switching between
different power sources.

SUMMARY: This research is proposed to
design and develop a protogype
uninterruptable power supply. The

result would be an improved power
distribution panel that will provide
the capability to manually switch
between two AC sources, to the HMMWV
DC battery/alternator or other DC
sources. This would be accomplished
with no interruption in the AN/MRC-
142 communications systems operation.

OTHER: The prototype is forthcoming.

James H. Miller, Assoc1ate Professor
Department of Electrical and Computer Engineering
Ching-Sang Chiu, Associate Professor
Department of Oceanography
Robert Bourke, Professor
Department of Oceanography
Sponsor and Funding: Office of Naval Research

OBJECTIVE: The goal of this
experiment was to determine the
feasibility of conducting tomography
in the Barents Sea and to investigate
space-time coherence of the acoustic
field.

SUMMARY: In August, 1992, NPS and
Woods Hole Oceanographic Institution
deployed a set of acoustic sources
and receivers including the NPS
vertical array to tomographically
image the Barents Sea Polar Front.
In addition to the scientific goals,
the Barents Sea is a Navy-relevant
geographical area and understanding
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the acoustic propagation is important
to ASW activities.

PUBLICATION: Bourke, R.H., C.-S.
Chiu, J.F. Lynch, J.H. Miller, R.D.
Muench, and A.J. Plueddemann,
“Initial Results from the Barents Sea
Polar Front Experiment, " Eos,
Transactions, American Geophysical
Union, Vol. 73, No. 43, p. 289, 1992.

THESES DIRECTED: Omans, G.A., LT,
USN, "Broadband Modal Beamforming of
Acoustic Tomography Signals Acquired
by a Vertical Array, Master’s Thesis,




September 1992.

Elliott, M., LT, USN, “Simulation of
Acoustic Multipath Arrival Structure

in the Barents Sea,' Masters Thesis,
une 1992.

James H. Miller, Associate Professor
Department of Electrical and Computer Engineering
Ching-Sang Chiu, Associate Professor
Department of Oceanography
Sponsor: Naval Underwater Warfare Center, New London
Funding: Naval Postgraduate School Direct Funds

OBJECTIVE: The goal of this work is
the determination of source range and
depth in an ocean acoustic waveguide
given a time domain representation of
a source-generated signal.

SUMMARY: One of the spin-offs of the
Monterey Bay Tomography Experiment
was a capability to model broadband
pulse propagation in a complicated
environment such as the Bay. Using a
broadband parabolic equation model,
we have successfully explained the
time domain characteristics of
received signal and interpreted the
propagation in terms of coupled
normal modes using the source and
receiver locations, bathymetry, and
sound speed profile. This success
leads naturally to the 1inverse
problem for solving for the source
location given the received signal.
We are interfacing with NUWC New
London to determine the feasibility
of this technique using actual
platform data.

PUBLICATIONS: Miller, J.H. and C.-S.
Chiu, "Localization of the Sources of
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Short Duration Acoustic Signals,"
Journal of the Acoustical Society of

America, Vol. 92, No. 5, pp. 2997--
2999, 1992.

Miller, J.H. and Cc.-S. Chiu,
"Localization of the Sources of Short
Duration Acoustic Signals in a
Coastal Ocean Environment," 124th

Meeting of the Acoustical Society of
America, New Orleans, October 31--
November 4, 1992.

THESES DIRECTED: Nicholson, C.L.,
LCDR, USN, "Localization of Acoustic
Transients in Shallow Water
Environments, " Master’s Thesis,
December 1992. LCDR Nicholson was
selected for the Space and Naval
Warfare Systems Command Award in
Electronic Systems Engineering.

Schultz, J.L., LT, USN,
"Implementation of a Time Domain
Localization Algorithm in the AN/SQR-

10 Tactical Towed Array Sonar
System," Master’s Thesis, December
1992.




Paul H. Moose, Associate Professor
David Jenn, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Operational Test and Evaluation Force

OBJECTIVE: The objective of this
project is to accredit omne or
numerical computer models to assess
the effects of nuclear bursts on the
satellite communications links
between ground stations and the UHF
Follow-On satellite stations.

SUMMARY: Funding for this project
arrived late in the fourth quarter of
FY92. Our progress to date consists
of obtaining copies of computer codes
for predicting plasma contributions
associated with high altitude nuclear
bursts and codes for predicting
parameters associated with
electromagnetic propagation between
earth stations and satellites through
the plasmas. Four codes are being

FIELD ELLATION

evaluated: SCENARIO, PRPSIM,
SPACECEM, and SKYMAP. The first two
have been licensed to us by the
Defense Nuclear Agency (DNA). The
latter two belong to the Air Force.
Documentation is being assembled at
NPS on the technical characteristics
of the UHF Follow-On satellite
communications package, on the Navy’s
regquirements for nuclear
survivability of the links and on the
various computer codes.

THESIS DIRECTED: Godeaux, A., CAPT,
USMC, “"An Evaluation of Models
Simulating the Effects of a Nuclear
Explosion on the Communication Links
of the UHF Follow-On Satellite (U),"
Master’s Thesis, September 1992.

A ~EMF APPROACH

Michael A. Morgan, Professor
Department of Electrical and Computer Engineering

Sponsor:
Funding:

OBJECTIVE: This two-year project
investigates the practical viability
for reducing bistatic wideband radar
scattering signatures using
distributed active cancellation.

SUMMARY :
appears
practical

The counter-EMF technique
most promising from a
perspective at radar
frequencies below which passive
measures such as shaping and
absorbing materials are inoperative.
Thus the active approach may
dovetail in frequency with the more
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Naval Postgraduate School

conventional methods to provide
ultra-wideband RCS reduction against
future radar designs, including
impulse radars. The first year is
being devoted to analytical studies
and numerical simulations to consider
tradeoffs of RCS reduction vs.
frequency range for number ard
placement of canceler modules on air
and surface platforms. The second
year will provide numerical and scale
model experimental validations as
well as address issues for full scale
implementation.




ULTRA-WIDEBAND IMPULSE ANTENNA DESIGN
Michael A. Morgan, Professor
R. Clark Robertson, Associate Profersor
Department of Electrical and Computer Engineering

Sponsor and Funding:

OBJECTIVE: The goal of this project
is to perform an engineering design

study, develop a test plan, and to
construct and test an initial
prototype for an ultra-wideband

impulse receiving antenna.

SUMMARY : Impulse antennas are
antennas that are intended to either
transmit or receive very short pulses
of electromagnetic energy. As is
well known, short pulses have
extremely wide bandwidths; hence,
impulse antennas by their very nature
must be wideband. However, in order
to maintain signal fidelity, it is
also very important that the impulse

RESOLUTION ENHAN

TE

U.S. Army CECOM Signals Warfare Directorate

introduce significant
phase distortion into the signal.
What is required is a wideband
antenna with not only a constant
magnitude response across the
bandwidth but also linear phase shift
resulting in minimal dispersion of
the signal. Research into impulse
antennas has been very intense for a
number of years now, with a major
application being the measurement of
EMP signals resulting from nuclear
explosions. A TEM horn antenna for
receiving impulse signals with a
theoretical bandwidth of 100MHz--5GHz2
was designed.

antenna not

I R HIGH SPEED

-TO-DIGITAI,

Phillip E. Pace, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

OBJECTIVE: To theoretically and
experimentally investigate a new
modified residue preprocessing
architecture to enhance the

resolution performance of high speed
analog-to-digital converters (ADCs).
This is the first part of a
continuing project that is expected
to continue for one or more years.

SUMMARY: Electro-optical and video
ADC circuits that incorporate

the new preprocessing were designed
to verify the concept and detail the
advantages and disadvantages of such
an approach. Theoretical studies
were also conducted to extend the
understanding of the modified residue
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formalism. The goal of this research
was to study the modified residue
architecture and evaluate its
effectiveness as an ADC preprocessing

solution. ADC circuits which use the
modified residue preprocessing
demonstrate a clear advantage over
ADCs that wuse the conventional
folding approach.

PUBLICATIONS: Pace, P.E., P.A.

Ramamoorthy, and D. Styer,
"High~Resolution Techniques
Guided-wWave Analog-to-Digital
Converters," Electronics Letters, Vol
28, pp. 2174--2175, November 1992.

for

CONFERENCE PRESENTATIONS: Pace, P.E.,




P.A. Ramamoorthy, D. Styer, Converters, " IEEE Lasers and
“"Resoiution Enhancement Technique for Electro-Optics ‘92 Annual
Guided-wWave Analog-to-Digital Proceedings, E0S2.2, November 1992.
ITY-DEP DEPTH-QF -
PERIQOD E

Ron J. Pieper,

Sponsor:
Funding:

OBJECTIVE: Analyze the depth-of-focus
for incoherent periodic sources using
the optical visibility as a
criterion. The original direction of
this work has been shifted from the
theoretical to somewhat more
practical considerations in which the
visibility concept is applied to
generate a performance measure for
thermal imaging systems.

SUMMARY: During this period the
final adjustments on the analysis
dealing with incoherent sinusoidal
sources were completed. The shift in
the direction of the research was to
apply visibility as a criterion for
evaluation of thermal imaging
systems, for which incoherent optical
analysis applies. This has led to
what appears to be a more realistic
model for predicting the minimum

Associate Professor
Department of Electrical and Computer Engineering

PROPAGATI 1)
John Powers, Professor
Department of Electrical and Computer Engineering
Sponsor: Office of Naval Research
Funding: Naval Postgraduate School

OBJECTIVE: To study the predicted
propagation properties of transient
acoustic and optical waves in an
effort to under-stand the propagation
of very short duration waves and to
use such waves in imaging
applications.
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Research Initiation Program
Naval Postgraduate School

resolvable temperature difference
(MRTD) .

PUBLICATIONS: Pieper, R.J., K. Raj,
and T.-C. Poon, “A Visibility
Dependent Depth of Focus for
Incoherent Sinusoidal Sources, "
Applied Optics, Vol. 31, No. 7, pp.

977--986, March 1992.

Ugarte, A.R. and R.J. Pieper, '"A New
Model for Predicting the MRTD Curve
for Thermal Imagers,'" 24th IEEE
Southeastern Symposium on System
Theory, pp. 231-234, March 1992.

CONFERENCE PRESENTATION: Ugarte, A.R.
and R.J. Pieper, "A New Model for
Predicting the MRTD Curve for Thermal
Imagers", presented at the
Southeastern Symposium on System
Theory, March 1992.

I WA

SUMMARY: With the ability to generate
short-duration sound and light pulses
comes the requirement to be able to
model and understand the propagation
of these waves. Unlike most line-
integral techniques presently
available, these models should be
computationally efficient.




We have developed a method of
simulating acoustic propagation in
linear homogene-ous media based on

Fourier transform techniques. The
propagation transfer function
represents a time-varying spatial

filter that increasingly attenuates
the higher spatial frequencies of the
wave as time increases. This method
allows use of the FFT to appreciably
reduce . computation time. The
technique 1is modular and allows
elements of the model to be cascaded
as complexity is increased. The
technique, originally developed for
modeling acoustic wave propagation
has been extended to include optical
wave propagation in the past year.
Effort focussed on implementing the
model on a large-memory microcomputer
using the commercial program, MATLAB,
and .in using visualization tools to
display the calculated four-
dimensional wave (three space dimen-
sions and time). In this year’s

D F_P 1

effort, we are constructing a high-

frequency experimental data
collection system that operates under
computer control to measure

experimental acoustic data fields to
confirm the technique.

THESES DIRECTED: Upton, J., Lt. Col.,
USMC, "“"Microcomputer Simulation of a
Fourier Approach to Optical Wave
Propagation," Master’s Thesis, June
1992.

Reid, W., LT, USN, ‘'Microcomputer
Simulation of a Fourier Approach to
Acoustical Wave Propagation, Master’s
Thesis, December 1992.

PRESENTATIONS: Powers, J., "Modelling
Diffraction of Pulsed Ultrasonic and
Optical Waves," Department Seminar,
Electrical and Computer Engineering

Department, Naval Postgraduate
School, Monterey, CA, November 19,
1992.

R_MARITIME MOBILE ICATI

R. Clark Robertson, Associate Professor
Tri T. Ha, Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Coast Guard Research and Development
Center

OBJECTIVE: The purpose of this
research program is to determine what
Open System Interconnection (OSI)
data communication protocols can be
used to provide effective and
efficient data communications for
radio-based maritime mobile services
(including satellite systems).

SUMMARY: Data communications are
becoming more extensively used in the
maritime mobile services. At
present, there is no general protocol
profile that can be used as a
building block for data
communications between maritime
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mobile services. As computer and
computer-based equipment become more
prevalent in maritime applications,

ships will have increased
requirements to transmit data to and
from the multiple computer

/computer-based equipment.
Implementation of a maritime OSI data
communications standard will allow
multiple shipboard equipment
(Loran-C, GPS receiver, Vessel
Traffic System communications, etc.)
to communicate wvia a shipborne
network and then transmit the data to
a shore based network in an effective
and efficient manner. In addition to




the investigation of data
communication protocols, a
preliminary investigation of the
technical and operational

requirements for effective and

efficient data communications for
radio-based maritime mobile services
will be made. This project is in its
initial stage.

R Clark Robertson, Assoc1ate Professor
Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
is to determine the Electronic
Counter-Counter Measures (ECCM)
potential of various FFH/MFSK
communications systems under
conditions of worst case hostile
Electronic Counter Measures (ECM) and
fading channels.

the uncoded
three fast
orthogonal
(FFH/MFSK)
with

SUMMARY : To date
performance of

frequency-hopped M-ary
frequency-shift keying
communication systems
noncoherent detection have been
evaluated: systems with linear
combining, noise-normalization (also
referred to as adaptive gain control)

combining, and self-normalization
combining. In addition, the
performance of FFH, Dbinary FSK
communication systems with

ratio-statistic combining has also
been evaluated. All of these
receivers have been examined assuming
worst case hostile Electronic Counter
Measures (ECM) are operational during
communications. Finally, the effect
of Doppler shift of the received
signal on the noise-normalization
receiver has been evaluated.

There are three primary areas for
further research that are currently
under investigation. First, the
performance of the nonideal
noise-normalized demodulator is of
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particular interest since the ideal
noise-normalized demodulator is so
robust under conditions of worst case
hostile ECM. The effectiveness of the
noise-normalized receiver requires an
accurate measurement of the noise
power present in each hop, and the
effect of inaccurately measuring
noise power must be examined in order
to determine how graceful receiver

degradation is as noise power
measurement inaccuracy increases.
Second, the performance under

conditions of worst case hostile ECM
and fading has been obtained for
three of the four FFH/MFSK systems
initially proposed for investigation,
but to date the ratio-statistic
combining receiver has been examined
only for the binary case. Since the
binary ratio-statistic combining
demodulator is somewhat more robust
than the Dbinary self-normalized
combining demodulator under
conditions of worst case hostile ECM
and fading, the performance of the
FFH/MFSK ratio-statistic combining
receiver will be evaluated and
compared to that of the FFH/MFSK
self-normalized combining receiver.
Third, all results obtained thus far
have assumed a fading information

signal and 2 nonfading jamming
signal. This yields worst case
performance and may be overly
pessimistic. Hence, the final phase

of the research is to extend previous




results to account for fading of the

jamming signal as well as the
information signal.

PUBLICATIONS: Robertson, R.C. and
K.Y. Lee, "Performance of fast

frequency-hopped MFSK receivers with
linear and self-normalization
combining in a Rician fading channel
with partial-band interference," IEEE

Journal on Selected Areas in
Communications, Vol. 10, No. 4, pp.
731--741, May 1992.

Robertson, R.C. and T.T. Ha, "Error
Probabilities of Fast
Frequency-hopped FSK with

Self-normalization Combining in a
Fading Channel with Partial-band

Interference," IEEE Journal on
Selected Areas 1n Communications,
Vol. 10, No. 4, pp. 714-723, May
1992.

Robertson, R.C. and T.T. Ha, "Error
Probabilities of Fast
Frequency-hopped MFSK with

Noise-normalization Combining in a
Fading Channel with Partial-band
Interference," IEEE Transactions on
Communications, Vol. 40, No. 2, pp.
404-412, February 1992.

PRESENTATIONS: Robertson, R.C., T.W.
Vece, and T.T. Ha, "Performance of a
Fast Frequency-hopped DFT-based MFSK

Receiver with Noise-normalization
Combining in a Fading Channel with
Partial-band Interference,
"Proceedings of 1992 IEEE Military

Communications Conference, Vol. 1,
pp. 48-52, 1992.

R.C. Robertson, J.F. Riley, and T.T.
Ha, "“Error Probabilities of Fast
Frequency-hopped FSK with

Ratio-statistic Combining in a Fading

Channel with Partial-band
Interference,'" Proceedings of 1992
IEEE Military Communications
Conference, Vol. 3, pp. 865-869,
1992.

Robertson, R.C. and K.Y. Lee,

“Performance of Fast Frequency-hopped
MFSK Receivers with Linear Combining
in a Rician fading channel with
Partial-band Interference,"

Proceedings of 25th Asilomar
Conference on Signals, Systems, and
Computers, Vol. 2, pp. 851--855,
1991.

THESIS DIRECTED: Betancourt, M.A.,
Major, Venezuelan Air Force, 'Ccded
Performance of a Fast
Frequency-hopped Noncoherent BFSK
Ratio-statistic Receiver over a
Rician Fading Channel with

Partial-band Interference,' Master’s
Thesis, September 1992, co-advisor.

AL I ISTICS

RMATION
R. Clark Robertson, Associate Professor

Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Maritime Intelligence Center

OBJECTIVE: The purpose of this
research program is to develop a set
of user friendly mathematical

applications capable of computing the
radiation pat.tern and other pertinent
antenna parameters of an antenna or
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antenna system based available
information.
SUMMARY: It is important to be able

to obtain as specific an idea as
possible of the capabilities,




limitations, and vulnerabilities of a
particular antenna or antenna system.
Oftentimes, the only information
available is that of a photograph of
the system under investigation and
the physical size of the system.

Generally, this will primarily be
information obtained from a
photograph and the physical

dimensions of the antenna or antenna
system; although, the applications
are flexible to the extent that they
make their computation based on
whatever information is available.
The mathematical applications are
designed to be operated by an
engineer familiar with basic antenna

I
Y

T

All mathematical applications
are based on existing engineering
equations for the antenna type under

types.

consideration. A number of
applications for wvarious antenna
types have been completed. At this
time, two students are continuing
work on the remaining antenna types
to be considered for their Master’s
theses.

THESIS DIRECTED: Dietrich, D.S.,
“Predicting Radiation Characteristics
From Antenna Physical Dimensions,"

LOOSELY COUPLED MULTIPROCESSORS
Shridhar B. Shukla, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Research Initiation Program
Funding: Naval Postgraduate School

OBJECTIVE: The objective of this
two-year project is development of a
framework for mapping hard real-time
applications on loosely coupled
multiprocessors to guarantee
performance. The emphasis is on task
allocation to minimize
contention-based communication cost

and on contention-free message
routing.
SUMMARY : Current multicomputer

mapping strategies are unsuitable for
hard real-time applications because

different mapping stages do not
relate to each other very well, and
therefore, make performance
guarantees difficult to achieve. In

this project, an integrated mapping
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Master’s Thesis, December 1992,
advisor.
PLI
R
strategy with a task allocation

algorithm that minimizes the number
of hot-spots in the network has been
developed. It is based on a routing
technique that generates and executes
a distributed message transmission
schedule computed using time bounds
on individual messages. Simulation
experiments on various 64 node
multicomputer topologies have shown
that routing and allocation based on
contention yield mappings with
guaranteed performance.

OTHER: Shukla, S.B. and D.P. Agrawal,
"Oon Mapping Periodic Real-time
Applications On Multicomputers,"
revised for the IEEE Transactions on
Parallel and Distributed Computing.




OBJECTIVE: The goal of this
continuing project is to develop a
methodology for determining the
optimal chains of primitives in
processing graph methodology (PGM)
applications running on the AN/UYS-2.

SUMMARY: Performance of the AN/UYS-2
can be improved if the primitives of
the PGM graph are chained together
appropriately. In order to construct
the best possible chains
automatically instead of manually, a
framework, based on a technique
called revolving cylinder scheduling,
was developed. This technique 1is
based on mapping the graph at
compile-time on a c¢ylinder whose
curved surface area is determined by
the number of processors and graph
characteristics such as primitive
computation times and data arrival
rate. The potential of this technique
for chaining as well as for
predictable execution was
demonstrated by building a simulator
for the AN/UYS-2. Work is in progress
to determine the feasibility of
deploying this technique in the
actual AN/UYS-2 programming
environment. Two theses have been
completed and three more are in
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= P
Shridhar B. Shukla, Assistant Professor
Department of Electrical and Computer Engineering
Amr Zaky, Assistant Professor
Department of Computer Science
Sponsor and Funding: Naval Sea Systems Command

progress as part of this work.

CONFERENCE PRESENTATION: Shukla,
S.B., B. Little, and A. 2aky,"A
Compile-time Technigue for

Controlling Real-time Execution of
Task-level Data-flow Graphs,"
International Conference on Parallel
Processing, St. Charles, Illinois,
August 1992. Won the Outstanding
Paper Award.

THESIS DIRECTED: Little, B.S., LT,
USN, "A Technique for Predictable
Real-time Execution in the An/UYS-2
Parallel Signal Processing
Architecture,"” Masters Thesis in
Electrical Engineering, December
1991.

Bell, H., LT, USN, "A Compile-time
Approach for Chaining in the AN/UYS-2
Parallel Signal Processor," Master’s
Thesis, March 1992.

OTHER: Shukla, S.B. and B.S. Little,
A Technique for Predictable Real-
Time Execution in the An/UYS-2
Parallel Signal Processing
Architecture," NPS Technical Report,
NPSEC-92-002, 1992.




DISTRIBUTED REAL-TIME SYSTEMS
Shridhar B. Shukla, Assistant Professor
Department of Electrical and Computer Engineering

Sponsor and Funding:

OBJECTIVE: This project deals with
the design and implementation of the
primitives required to manage the
communication and reconfiguration in
robust distr.buted, real-time combat
platforms.

SUMMARY: In the first year of this
project, an independent mechanism for
maintaining .group membership in an
asynchronous distributed environment
has been developed. A membership
protocol that ensures agreement and
consistent commit actions among group
members to maintain a sequence of
identical group views in spite of
continuous changes, either voluntary
or otherwise, in processors’

AR STGNAT,
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membership status has been developed.
Such consistency among group views
must be guaranteed using messages
over a network which does not bound
message delivery times. This protocol
is based on ordering of group members
in a logical ring that eliminates the
need for any centralized commit
responsibility typically used in such
protocols. The protocol correctness
has been proven formally.

THESIS DIRECTED: Raghuram, D.,
Scientist, DoD, India, '"Design and
Implementation of a Group Membership
Protocol," Master’s Thesis, September
1992.

IFTCATT

Charles W. Therrien, Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Underwater Systems Center

OBJECTIVE: To develop new technology
for modeling and classifying passive
sonar signals.

SUMMARY: Short duration (transient)
signals received on a submarine’s
passive sonar are of possible u.:2 in
detection and characterization of
other similar vehicles. The work on
this project has focused on two
related problems. First we have been
developing models for these signals
that could lead to their efficient
coding and accurate reproduction.
Secondly we have investigated a
scheme for classification of these
short-duration signals using the
signal models and certain aspects of
Markov random process theory.
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PUBLICATIONS: Therrien, cC.w.,
“Summary Report on Sonar Signal
Modeling," NPS Technical Report,
NPSEC-93-001, October 1992.

PRESENTATION: Therrien, C.W., "Sonar

Signal Modeling," ONT 3rd annual Full
Spectrum Review, New London, CT,
September 1992.

THESES DIRECTED: Johnson, T.P., LT,
USN, "ARMA Modeling Methods for
Acoustic Signals," Master’s Thesis,
March 1992.

Tacovetta, J.M., LT, USN,
"Sensitivity of ARMA Model Parameters
to the Effects of Propagation,"
Master’s Thesis, June 1992.




Delaney, K.J., LCDR, USN,
“"Classification of Short-Duration

Nonstationary Signals," Ph.D.

Dissertation, March 1992.

ARMA MODELING OF ACOQUSTIC DATA

Charles W. Therrien, Professor
Department of Electrical and Computer Engineering

Sponsor and Funding :

OBJECTIVE: To develop ARMA signal
models for some specific sonar data
sets of interest to DARPA contractor
ORINCON. To transfer the modeling
technology to ORINCON and DARPA for
their possible use in the DANTES
program.

SUMMARY: This was a small effort to
explore the use of sonar signal
modeling techniques for possible use
in the DANTES program. We worked with

RESEARCH IN TID

Charles W. Therrien,

Advanced Research Project Agency (ARPA)

data selected by ORINCON to develop
signal models. The models developed
were able to produce synthetic data
that accurately resembles the
original data in various tests that

were applied. The tests involved,
comparison of the time series,
comparison of spectrograms, and

similar time/frequency
representations, and audio comparison
by "listening" to the signals.

IONAT, STIGNAL PROCESST

Professor

Murali Tummala, Associate Professor
Department of Computer and Electrical Engineering
Sponsor: Office of Naval Research
Funding: Naval Postgraduate School

OBJECTIVE: Development of iterative
algorithms for block matrix equation
solution for multidimensional
spectral analysis and other
applications and on transient signal
modeling and classification.

SUMMARY: Several fixed-data as well
as data-adaptive algorithms for block
matrix iterative solution have been
investigated. Multigrid techniques
to improve the convergence rate of
the previously developed iterative
algorithms have been studied. These
algorithms have been applied to
parameter estimation of both AR, 2-D
AR, and ARMA models, where
significant increase in the
convergence rates has been achieved.
The increased convergence rate is
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realized by forcing the low frequency
error components to appear to be at a
higher frequency by transferring to a

coarser sampling prior (or grid).
Currently, the investigation |is
focussed on the development of

intergrid transfer operators suitable
for signal processing problems.

Short time ARMA modeling techniques

for transients and other
nonstationary data also continued
during the current year. A new

iterative modeling algorithm which we
call the Iterative Prony method was
developed. This new method has some
advantages in terms of convergence
over the TIterative Prefiltering
method which heretofore was the
method of choice for ARMA modeling.




PUBLICATIONS: Richter, D.A. and M.
Tummala, “Iterative System
Identification Using Multigrid
Techniques," Electronics Letters,
Vol. 28, No. 4, pp. 433--435,
February 1992.

Parker, R.E. and M. Tummala,
"Identification of Volterra Systems
with a Polynomial Network," in
Proceedings IEEE International

Conference on Acoustics, Speech, and

€ignal Processing, San Francisco, CA,
March 1992.

THESES DIRECTED: Richter, D.A., LT,
USN, "Multigrid Algorithms for System

Modeling," Master’s Thesis, December
1991.
Velasco, C.H., LT, Columbian Navy,

“ARMA Modeling of Signals in the Time
Domain," Master’s Thesis, December
1992.

E

Harold A. Titus, Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Space and Surveillance Center

OBJECTIVE: An Extended Kalman Filter
will be developed to track the fence
data. It will be compared with the
present batch processing results and
against targets of known orbit.
Maneuver and atmospheric sensing and
glitch rejection algorithms will be
developed. Real time tracks with
their own covariance ellipsoids will
be displayed.

SUMMARY : Update of satellite
ephemeris information in the space
objects catalog is currently

performed once a day using a batch
least squares method. This update
method has disadvantages:

--- the update takes several
hours daily,
--- much of the real time

information is lost and/or untimely.

It would be advantageous to have an
ephemeris update method that was
recursive and, therefore, real time,
--- maneuvers could be detected
in a timely manner and
--- atmospheric drag compensation
could be performed.

We would like to design a recursive
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algorithm for wupdating satellite
ephemeris for the space objects
catalog. We will need data and its

format and information on the current
algorithm. Long term data on a few
(5--10) satellites would be more
useful for algorithm development and
testing. These orbits should be
representativc of the whole spectrum
of satellices in the space catalog.
It would be helpful if one or two of
those satellites had maneuvered
during the data acquisition period.

Once this algorithm is up and
running, we will develop maneuver
sensing and the drag compensation
problem. At that point, the short
term comprehensive data would be more
useful for trying to model
atmospheric drag variations.

We will need documentation on the
current updata algorithm and data
formats and what set of orbital
elements is used. The statistics of
the measurement noise and orbits will
be most useful.

Solutions to the problem will be
variation of an Extended Halman
Estimator with a neural network




applied to the maneuver sensing and

Harold A. Titus,

to the atmospheric drag modeling
problem.
Professor

Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Underwater Engineering Station

OBJECTIVE: Our task was to develop a
Kalman filter torpedo tracking
program which incorporated the
acoustic data and the torpedo’s INS
data as well.

SUMMARY: For over a dozen years we
have had thesis students and faculty
involved in various torpedo tracking
problems, as requested by the
research arm of the NUWES facility.

internal INS data. LT Alfaro has done
a very good job and they are
incorporating his work. The problem
was made interesting due to the fact
that the INS had very high drift
rates, making a problem in aligning
accelerometer outputs to the range
coordinate system. The observation
rates were nonsynchronous, and the
acoustic data had dropouts and
discontinuities as the torpedo.would

This past year we investigated the pass from one acoustic array to
Kalman filter fusing and smoothing of another.
the range acoustic data with an

MISSILE SITMULATION

Harold A. Titus,

Professor

Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Army and Space Intelligence Center

OBJECTIVE: The purpose of this effort
was to support the Crossbow
Comnmittee and several of their
intelligence teams. We studied and
simulated several Soviet missiles and
attempted to develop techniques to
counter them.

SUMMARY : We have studi. ind
simulated in considerable deta:i the
Soviet SA-6, SA-11, and now the
follow-on system, SA-17x. The SA-6
was used effectively by Egypt in the
1973 war. It is a major system in
Iraqg.
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The follow-on, the SA-11, is
operational in the Soviet Union. The
SA-17x is in R&D testing. Our task

is to know everything possible about
the guidance and control of these
systems. We have frequent briefings
by CIA, NSA, DIA, MSIC, and others.
The simulations have been used to
study the missile systems and how to
counter them. The purpose of this
group 1is to design and develop
several of these systems to be used
at appropriate Air Force and Navy
facilities.




Murali Tummala, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: U.S. Coast Guard

OBJECTIVE: Modernization of Coast
Guard‘’s LORAN-C tube transmitters by
developing techniques for automatic
pulse shaping and monitoring.

SUMMARY : Automatic pulse shape
control is simulated for the
AN/FPN-42 and AN/FPN-44A tube type
LORAN-C transmitters. Pole-zero
models are developed for each
transmitter over a range of operating
points, which are catenated to
represent observed nonlinear
behavior; observed effects of time
variations due to aging and climatic
changes are also included. A linear
controller based on a steepest
descent method is implemented to
shape the LORAC-C pulse. These
models, the control algorithm and
transmitter system details, such as
power supply droop, dual rating and
noise, are then incorporated into a

ALYST MODELTIN
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simulation program. In a variety of
realistic tests, the control
algorithm successfully shaped the
LORAN-C pulse; however, the algorithm
has exhibited a sensitivity to
additive noise, and the zero-crossing
times were not always in tolerance.
The algorithm controlled
envelope-to-cycle difference,
produced an entire
pulse-code-interval of LORAN-C pulse
sequence while compensating for
transmitter droop and phase code
imbalance and produced a near-optimal
transmitter drive waveform for the
transnitter-antenna system using the
dummy load.

THESIS DIRECTED: Bruckner, D.C., LT,
USCG, "Automatic Pulse Shaping with
the AN/FPN-42 and AN/FPN-44A LORAN-C
Transmitters, Master’s Thesis,
December 1992.

EMP TEST DATA

Murali Tummala, Associate Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Naval Air Warfare Center

OBJECTIVE: Application of time series
modeling techniques to aircraft EMP
test data for data compression and
storage, and synthesis of strength
waveforms by combining several test
point responses.

SUMMARY: In the first phase of this
on going project, we have developed
techniques for data compression and
strength waveform synthesis. The
techniques used consist of
test-point-measurement deconvolution

using a fast Fourier transform method
and autoregressive (AR) and
autoregressive moving average (ARMA)
modeling of data. The multiple test
point measurements are first

deconvolved of the double exponential

electromagnetic pulse (EMP)
excitation to obtain the impulse
response between the antenna

excitation and the test point. This
data is then modeled using AR and
ARMA techniques. A residual signal is
generated by filtering the data,
which is then decimated and converted




into a 4 bit sequence for storage;
data compression ratios on the order
of 32:1 with little loss of data
fidelity were achieved. Finally, the
strength waveform is synthesized by
combining the poles (and zeros) of
the time series models; the
combination is achieved by using both
vector quantization and competitive
learning techniques. The software
package developed to perform these

operations will be delivered to NAWC

in December 1992, which will be
merged with their existing test
database for aircraft EMP data
analysis.

THESES DIRECTED: Tse, K.B., LT, USN,

“Autoregressive and Autoregressive
Moving Average Modeling of Aircraft
EMP Test Data,'" Master’s Thesis,
December 1992.

SIMULAT Qﬂ Qﬁ SﬂlEQQABQ gQﬂEB §Y§$E§S
Stephen M. Williams, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor and Funding: Advanced Research Projects Agency

OBJECTIVE: The proposed work will
develop a set of metrics for
evaluating power system detailed
waveform analysis tools. The scope
of shipboard electrical system
problems must be defined. From this
class of  ©problems, a set of
applicable analytic methods for
estimating system electrical
performance are identified. During
the period of proposed research, one
such tool will be parametrically
evaluated for its potential
usefulness in predicting the
performance of shipboard electrical
systems.

SUMMARY: The Navy has a definite
requirement for a simulation tool for
use in developing and studying
advanced naval power systems. The
need is brought about primarily due
to the pending shift from the
traditional engineering plant
configuration of separate propulsion
and electrical systems to an advanced
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power system integrating propulsion
and power generating prime movers.
Metrics developed from this project

include software domain, modeling
environment, algorithm robustness,
implementation options, and
supportability.

The program actually evaluated is a
product from the Massachusetts
Institute of Technology, WAVESIM.
Results of the study indicated re-
direction of Navy simulation efforts.

PUBLICATIONS: Brochard, P.E. and S.M.
Williams, "Analysis of Simulation
Tools for the Study of Advanced
Marine Power Systems," NPS Technical
Report to Naval Surface Warfare
Center, September 1992.

THESIS DIRECTED: Brochard, P.E., LT,
USN, “Analysis of Simulation Tools
for the Study of Advanced Marine
Power Systems,"” Master’s Thesis,
September, 1992.




Stephen M. Williams, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Advanced Research Projects Agency

Funding:

OBJECTIVE: The proposed work will
assess the importance of load input
impedances on the shipboard 155 VDC
combat power bus. The objectives are
to develop a criterion for
establishing system stability based
upon a minimum knowledge of system
parameters and to formulate a control
approach which ensures system
stability under widely varying
conditions.

SUMMARY: The David Taylor Research
Center and the Naval Air Warfare
Center have been investigating the

possibility of instabilities
occurring on the DC power bus present
on shipbocard combat systems and

aircraft power systems. New dc power
distribution systems have been
proposed which radically differ from
conventional designs.

The purpose of the proposed research
is to assess the relative importance
of system parameters with respect to
system performance and instability.
The system parameters to be studied
are the negative impedance caused by
constant power switching dc supplies,
the system bus impedance, and the
load input filter impedance.
Additionally, control strategies for
the switching dc supplies will be
investigated as a way to increase the
margin of system stability.

System instability may arise due to
low system damping and excessive
source inductance. The presence of
constant power 1loads such as the
switch mode power supplies in the 155
VDC SEA WOLF power system or the
converter modules proposed for the
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Advanced Modular Power System (AMPS)
can exacerbate and cause instability
as well. Such constant power
switching loads present a negative
resistance to the system. The
approach to establish stability
design rules for the Advanced Modular
Power System (AMPS) will utilize
PSPICE simulations and Nyquist
criterion. Nonlinear models of the
switching power supplies will be used
in dc and transient analysis studies.
The transient analysis will provide
time response of the system to sudden
load or generator changes.

An ac analysis will be performed to
obtain Nyquist plots of the source
impedance with respect to the load
impedance at all locations in the

system. The impedance ratios thus
derived will provide information
necessary to establish absolute

stability design rules. It is hoped
that a relaxed set of design rules
can be determined to replace
conventional and more stringent
rules. Finally, wusing the newly
established design rules, a new
control strategy for the switching
power supplies will be developed. The
control strategy must meet the often
opposing constraints of system
performance and system stability. It
is expected that an iterative design

process will yield an optimum
strategy.
PUBLICATIONS: Colby, M. and S.M.

Williams, "Simulation of the Advanced
Modular Power System Using PSPICE,"
NPS Technical Report to Naval Surface
Warfare Center, December, 1992.




Stephen M. Williams, Assistant Professor
Department of Electrical and Computer Engineering

Sponsor and Funding:

OBJECTIVE: The goal of this project
was to verify component design in a
proposed new shipboard electric plant
scheme.

SUMMARY: The Navy 1is considering a
new shipboard electric plant design.
To verify technical aspects of the
new design, electrically scaled
experimental models of selected
critical components are being
constructed. One such component is
the buck-boost dc/dc converter.

LT Stan Fox, USN, developed
simulation tools which aided in the
converter design. The main objective
of the work required LT Fox to visit

RAY Al
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OBJECTIVE: Continue to generalize the

Naval Surface Warfare Center

NSWC at Annapolis, MD for one quarter
to assist in the construction of the
experimental model.

The primary result of this research
was the successful construction and
testing of the buck-boost dc/dc
converter prototype. This converter

is currently undergoing extensive
testing to aid in the design
verification of the new electric

plant design.

PUBLICATIONS: Fox, S.L. and S.M.
Williams, '"Buck-Boost dc/dc Converter

Prototyping," Technical Report to
Naval Surface Warfare Center, April
1992.
-D TIONAIL, SPEED F S

Ziomek, Associate Professor

Department of Electrical and Computer Engineering
Sponsor: Naval Sea System Command (NAVSEA)

Funding: NAVSEA

environmental data such as sound
(RRA) speed versus depth data and

Recursive Ray Acoustics
Algorithm. The RRA Algorithm is a
simple, fast, and accurate algorithm
that can be used to compute the
position, angles of propagation,
travel time, and path length along a
ray path and to draw ray trace plots

for speeds of sound that are
functions of all three spatial
variables. Investigate the
possiblity of @performing sound-

pressure level calculations using the
RRA Algorithm.

SUMMARY : During
enhancement of the basic RRA
Algorithm began. The RRA Algorrithm
can now incorporate noise corrupted,

this year,
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bathymetric data as a function of
down range. Orthogonal function
expansions using orthonormal
polynomials are used to represent
both the sound speed and bathymetric
data. Work also began on giving the
RRA Algorithm the capability to
perform sound-pressure level
calculations that are fast, accurate,
and valid (i.e., finite) at both
turning points and focal points for
depth-dependent sound-speed profiles.
The sound-pressure level computer
code has been written and is
currently being tested. In agreement
with NAVSEA, versions 1 and 1A of the
RRA computer program, along with a




research paper describing the basic
RRA Algorithm, was transferred to the
Applied Research Laboratory of The
Pennsylvania State University.

PUBLICATION: Ziomek, L.J., Recursive
Ray Acoustics for Three-Dimensional
Sound-Speed Profiles," Naval Research
Reviews, One/1992, Vol. XLIV, pp. 54-
~55.

Ziomek, L.J., "Recursive
Acoustics for Three-Dimensional

Ray
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Sound-Speed Profiles," 123rd Meeting
of the Acoustical Society of America,
Salt Lake City, UT, May 11--15, 1992,
Journal of the Acoustical Society of

America, Vol. 91, No. 4, Part 2, p.
2391.

OTHER: A half-day tutorial on
“Advances in 3D Ray Acoustics" was

presented at OCEANS 92, October 26--
29, 1992, Newport, RI. The annual
OCEANS conference is sponsored by the
IEEE Society of Oceanic Engineering.
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TECHNICAL REPORTS

Dueck, G.W., Earle, R.C., Tirumalai, P.P., and Butler, J.T., "Multiple-valued
Programmable Logic Array Minimization by Simulated Annealing," NPS Technical
Report, NPS-EC-92-004, 1992.

Hippenstiel, R., '"Characterization/Feature Extraction from Non-Stationary
Signals," NPS Technical Report, NPSEC-93-004, December 1992.

Janaswamy, R., 'Widebanding Techniques for VHF Antennas--I," NPS Technical
Report, NPSEC-92-010, September 1992.

Lee, H.-M. and Han, Y.Y., "Exponential Representation and Consistency Checking
for M-Layer," NPS Technical Report, NPSEC-92-005, March 1992.

Soderstrand, M.A., Rangarao, K.V., and Loomis, H.H., Jr., "New Algorithms for the
Detection and Elimination of Sine Waves and Other Narrow-Band Signals in the
Presence of Broadband Signals and Noise,'" NPS Technical Report, August 1992.

Shukla, S.B. and Raghuram, D., '"Group Membership In Asynchronous Distributed
Environments Using Logically Ordered Views,' NPS Technical Report, NPS-EC-92-009,
September 1992.

Shukla, S. B., Little, B., and 32Zaky, A., '"Real-Time Execution Control of
Task-Level Data-Flow Graphs Using A Compile-time Approach,' NPS Technical Report,
NPSEC-92-007, April 1992.

Therrien, C.W. and Freer, D., "Image Processing Toolbox for use with MATLAB," NPS
Technical Report, June 1992.

Therrien, C.W., Scout, J.B., and Tummala, M., "'Detection of BPSK Signals Using
the ESPRIT Method," NPS Technical Report, NPSEC-92-008, August 1992.

Therrien, C.W., "Summary Report on Sonar Signal Modeling," NPS Technical Report,
NPSEC-93-001, October 1992. [SECRET-NOFORN]

Therrien, C.W., Tummala, M., and Wellington, C.H., "Application of a Back
Propagation Neural Network for Noise Cancellation,'" NPS Technical Report,
NPSEC-93-002, November 1992.

Therrien, C.W., "Adaptive Noise Cancellation Applied to the NUWES Test Range,"
NPS Technical Report, NPSEC-93-003, November 1992.

Tummala, M., Therrien, C.W., and Herdegen, D.W., "Adaptive Noise Cancellation
Applied to NUWC Test Ranges," NPS Technical Report, NPSEC-93-002, November 1992.

Brochard, P.E. and Williams, S.M., "Analysis of Simulation Tools for the Study

of Advanced Marine Power Systems,'" NPS Technical Report, Naval Surface Warfare
Center, September 1992.
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Fox, S.L. and Williams, S.M., "Buck-Boost dc/dc Converter Prototyping,'" NPS
Technical Report, Naval Surface Warfare Center, April 1992.

williams, S.M., "Proposed Requirements for an Electric Power Engineering Option
at the Naval Postgraduate School,”" report to Commander, Naval Sea Systems
Command, May 1992.

Colby, M. and Williams, S.M., "Simulation of the Advanced Modular Power System
Using PSPICE, " NPS Technical Report, Naval Surface Warfare Center, December 1992.

JOURNAL ARTICLES

Schueller, K.A. and Butler, J.T., "On the Design of Cost-Tables for Realizing
Multiple-Valued Circuits," IEEE Transactions on Computers, February 1992, pp.
178--189; this is an extended version of K.A. Schueller, P.P. Tirumalai, and J.T.
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Signal Distribution in High-Speed I'igital Systems,'" IEEE Journal of Solid State
Circuits, Vol. 27, No. 5, pp. 802-809, May 1992.

Hippenstiel, R., Chaulk, E., and Miller, J., "An Adaptive Tracker for Partially
Resolved Acoustic Arrivals with Application to’Ocean Acoustic Tomography, "
Journal of the Acoustical Society of America, Vol. 92, No. 3, pp. 1759-1762,
September 1992.

Janaswamy, R., "Oblique Scattering from Lossy Periodic Structures with
Application to Anechoic Chamber Absorbers,'" IEEE Transactions on Antennas and
Propagation, Vol 40, No. 2, pp. 162-169, February 1992.

Janaswamy, R., '"2-D Radiation Boundary Conditions on an Arbitrary Outer
Bourdary," Microwave and Optical Technology Letters, Vol. 5, No. 8, pp. 393-395,
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Janaswamy, R., "A Fredholm Integral Equation Approach to Propagation Predictions
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Lamm, A.W. and Hussain, A.M., "Performance Analysis of Direct-Detection Optical
CDMA Communication Systems with Avalanche Photodiodes,' IEEE Transactions on
Communications, Vol. COM-40, No. 4, pp. 810-820, april 1992.




Lamm, A.W., “"Arbitrary Tight PBE Bounds for Optical CDMA Communications,'" IEE
Electronics Letters, Vol. 28, No. 12, pp. 1139-1140, June 1992.

Lamm, A.W. and Ozluturk, F.M., "Performance Bounds for DS/SSMA Communications
with Complex Signature Sequences," IEEE Transactions on Communications, Vol. COM-
40, No. 10, pp. 1607-1614, October 1992,

Miller, J.H. and Chiu, C.-S., “"Localization of the Sources of Short Duration
Acoustic Signals," Journal of the Acoustical Society of America, Vol. 92, No. 5,
pPp.- 2997-2999, 1992.

Lynch, J.F., Newhall, A.E., Miller, J.H., and Chiu, C.-S., "Three Dimensional Ray
Acoustics in a Realistic Ocean," in Ocean Prediction and Acoustic Propagation
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DEPARTMENT OF
MATHEMATICS

The research program of the Department of Mathematics seeks to advance the
state of knowledge in areas important to the goals and mission of the Department
of Defense, such as scientific and parallel computing, weather forecasting, fluid
flow, orbital mechanics, image processing, and simulation and modeling.

Specific research areas of Mathematics Department faculty and students,
including sponsor knowledge, is detailed later in this chapter. Below is a brief
summarization of the Department of Mathematics research program.

SCIENTIFIC COMPUTATION AND APPLIED MATHEMATICS

The area of scientific computation includes both numerical (on serial and
parallel computers), and analytical (symbolic) solutions to a variety of problems
of interest to the Department of the Navy and the Department of Defense.
Research has been continued by Professors Neta and Gragg to develop algorithms
for the INTEL hypercube to solve problems of ordinary differential equations in
parallel. Such systems appear in many areas of application, such as weather
forecasting and prediction of satellite orbits.

Professors Danielson, Neta and several students are working on the
parallelization of several existing codes for prediction of satellite orbits.
The parallelization of the analytic algorithms in use at NAVSPASUR and AFSPACECOM
is almost complete. A more accurate semianalytic model is now under
investigation.

Professors Gragg, Thornton and Borges are working on parallel solutions (by
divide and congquer) of eigenproblems.

Professor Neta is developing a finite element code for the solution of the
shallow water equations on a massively parallel machine (MasPar).

On scientific, non-parallel computing, Professor Franke continues his work
on scattered data approximation especially with application to meteoroclical data.
Professor Franke and Professor Jayachandran are continuing work on quality
assessment problems for meteorological data.

Professor Henson is continuing his work with multigrid and multilevel
methods as applied to image reconstruction. He is also working with Professor
Rasmussen on multilevel approaches to improve the computational speed on some
optimization problems in signal processing and path planning.

Professors Canright and Scandrett are continuing their work on transducer
modeling.

Professor Canright is also continuing his work on welding problems as
applied to the construction of ships and submarines. Professor Scandrett is also
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working on scattering from double-hulled structures. Professor Danielson is also
working on this project but his work is related to predicting the strength of
stiffened plate structures.

Professor Prenzen is working with Professor Scandrett on non-acoustic ASW
to detect upstream influences from internal waves created by submarines.

Professor Borges is continuing his work on quasi-Gaussian quadratures as
applied to global illumination models and human color perception (electronic
image processing). He is also working on model identification of reciprocal
stochastic processes as applied to image processing.

Professor Peters is working on digital signal processing. Professor Fakhroo
is working on active noise control problems.

DISCRETE MATHEMATICS

Professor Fredericksen continues his research in coding, information theory
and digital communications. He is also working in cryptography.

Professor Leader is working on chaotic attractors as cryptographic keystream
ciphers.

Professor Rasmussen is working on chromatic properties of certain graphs.

Professor Owen continues his research into game theory.

SIMULATION COMPUTATION

Professors Neta and Mansager are working on audio detection algorithms for
incorporation into Janus combat model. Professor Mansager is also working in
combat modeling to simulate the Javelin.
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Carlos F. Borges, Assistant |

DIFFERENTIAL Of
rofessor

Department of Mathematics

Sponsor:
Funding:

OBJECTIVE: Continued research into
applications of the gquasi-Gaussian
quadrature method and continued
research into the numerical
reconstruction of differential
operators. To date, research into
quasi-Gaussian quadrature has focused
on applications in electronic
imaging. The second part, numerical
reconstruction of differential
operators, is a continuation of work
with R. Frezza of the University of
Padua, Italy. We are investigating
methods for the reconstruction of
differential operators from
observations, especially operators
associated with reciprocal stochastic

processes, a generalization of the
familiar Markov processes. We plan
to apply these techniques to

stochastic control theory and image
compression.

SUMMARY : APPLICATIONS OF QUASI-
GAUSSIAN QUADRATURE: This year I have
published two papers on the quasi-
Gaussian method and have a third
manuscript on applications of these
methods to color reproduction in the
review process. There 1is a
possibility that I may be able to get
funding from the Fuji Photo Film Co.
to pursue these investigations
further. I have begun collaborations
with V.R. Algazi of the Center for
Image Processing and Integrated
Computing at UC Davis on this and
related areas in color reproduction
an image processing.
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NUMERICAL RECONSTRUCTION OF
DIFFERENTIAL OPERATORS: This work was
begun last year as a collaboration
with Prof. R. Frezza of the
University of Padua, Italy. Our goal
is to develop effective numerical

algorithms for reconstructing
differential operators from
observations. So far the work has
focussed on reciprocal stochastic

processes which are a generalization
of Markov processes. These have very
important applications in control
theory and image processing and we
are pursuing the inverse problem in
the hopes of developing better
methods in stochastic control and in
image compression. We currently have
one manuscript accepted, a second in
review, and a third in preparation as
a result of this work. The first is
on model identification of Gaussian

reciprocal processes and was
presented at the Computation and
Control conference in Bozeman,

Montana this year. It will appear in
Progress in Systems and Control early
next year. The second 1is on
numerical reconstruction of
tridiagonal matrices, the discretized
case, which has been submitted to the
Journal of Numerical Linear Algebra
and its Applications. The third is
an extension of some of the ideas
from the first and was solicited for
the Journal of Mathematical systems,
Estimation and Control. It should be
completed by April 1993.




Department of Mathematics
Sponsor and Funding: Office of Naval Research

OBJECTIVE: The goal of this project
is to determine the scaling and
structure of the "cold-corner

singularity" in thermocapillary flow
in weld pools. This is a continuing

project.
SUMMARY : Recent work in modeling
thermocapillary convection in

materials processing, for example in
the pool of 1liquid metal formed
during welding, shows a region of
rapid flow and intense heat transfer,
concentrated in the 'cold corner"
region. A theoretical understanding
of this region, currently lacking, is
essential for accurate numerical
models. The objective of this study
is to analyze the coupled thermal and
flow fields in this important region,
including the dependence on the

governing parameters. The results
should be useful in developing more
complete numerical models of the
welding process, to understand how to

D 1% F_MATHEMATT

STABILITY OF

D. A. Danielson,

make welds more reliable. In 1992, a
thorough scaling analysis determined
local scales for four different
regimes of behavior, and their
dependence on two dimensionless
parameters. A robust computer code
was developed for direct simulation
of the coupled nonlinear flow/thermal
system, including arbitrary grid
spacing. Numerical simulations were
computed for a wide variety of
parameter pairs. These results
showed the details of the structure
in the <corner as well as the
transitions between regimes. The
numerical results agreed with the
scaling analysis.

CONFERENCE PRESENTATION: Canright,
D., "Thermocapillary Convection Near
a Cold wall," 45th Annual Meeting of
the Division of Fluid Dynamics of the
American Physical Society,
Tallahassee, FL, 22-24 November 1992.

DEIL, R THE STR
UBLE HIPS
Professor

Department of Mathematics
Sponsor and Funding: ATLSS Engineering Center, Lehigh University

OBJECTIVE: Improve the structural
design of double hull ships.

SUMMARY: A proposed new surface ship
hull concept consisting of a double
skin that wraps around the bottom,
sides, and main deck was modeled as a
circular cylindrical shell
surrounding an elastic core.
Analytical formulas were obtained
for the maximum stresses in the hull
caused by end bending ments and
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lateral pressure loading. The
formulas were applied to a new hull
designed by David Taylor. The
calculations indicate that the
stiffness of the proposed bulkheads
could be reduced without incurring
significant secondary stresses in the
double hull.

PUBLICATIONS:
"Analytical
Ship Hulls,"

Danielson, D.A.,
Strength Formulas for
NPS Technical Report,




NPS-MA-92-005, 1992.

Danielson, D.A., "Analytical Strength
Formulas for Ship Hulls," ATLSS

———

Engineering Research Center Report
™L 91-01, Lehigh University, 28
January 1992.
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D. A. Danielson, Professor
Professor
Department of Mathematics
Sponsor: Naval Space Surveillance Center
Funding: Naval Space Surveillance Center and NPS Space Systems
Academic Group

B. Neta,

OBJECTIVES: To investigate the
feasibility of using parallel
computers to efficiently predict
orbits of objects. To document and
improve the orbit predictor
Semianalytic Satellite Theory.

SUMMARY: Parallel versions of PPTZ2,
the analytic orbit propagator

currently in use by NAVSPASUR were
developed and tested. A parallel
version of SGP4, in use by USSPACECOM
is currently under development.
Semianalytic Satellite Theory is now
being documented to facilitate
parallelization in the future.

PUBLICATIONS: Danielson, D.A. and B.
Neta, “"Solution of Ordinary
Differential Initial Value Problems
on an INTEL Hypercube," Computers and
Mathmatics with Applications, Vol.
23, 1992, pp. 65-72.

Danielson, D. A. and B. Neta,
"Analysis of Finite Elements and
finite Differences for Shallow Water
Equations, A Review," Mathmatics and
Computers in Simulations, Vol. 34,
1992, pp- 141-161.

Danielson, D.A. and B. Neta,
"Parallel Computing May Improve Space
Surveillance,”" ONR Naval Research
Review, Vol. 44, 1992, p. 54.
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Danielson, D. A. and B. Neta,
"Solution of Ordinary Differential
Initial Value Problems on an INTEL
Hypercube with Applications to Orbit
Determination," Proceedings of the
1992 Space Surveillance Workshop,
M.I.T. Lincoln Laboratory, Lexington,
MA, 7-9 April 1992, A.J. Coster and
K.P. Schwan (eds.), Vol. 1, 1992,
pp.205-208.

PRESENTATIONS: Danielson, D.A. and B.
Neta, "Orbit Determination on
Parallel Computers,'" Space Systems
Seminar, NPS, 14 April 1992.
Danielson, D.A. and B. Neta, "
Solutions of Ordinary Differential
Initial Value Problems on an INTEL
Hypercube with Applicationss to Orbit
Determination," Space Surveillance
Workshop, M.I.T. Lincoln Laboratory,
Lexington, MA, 7-9 April 1992.

Danielson, D.A. and B. Neta,
"pParallel Orbit Prediction,' Twelfth
Parallel Circus, North Carolina
Supercomputer Center, Research

Triangle Park, 31 October 1992.

THESIS DIRECTED: Phipps, Warren E.,
Jr., CPT, USA, "Parallelization of
the NAVSPASUR Orbit Propagation
Model," Master’s Thesis, June 1992.




R. Franke, Professor
T. Jayachandran, Professor
Department of Mathematics

Sponsor and Funding:

OBJECTIVE: The objective of the
project is to investigate ways of
assessing the quality of radiosonde
observations. For observations that
have a consistent bias, often due to
radiation (either incoming from
sunlight, or outgoing during the
night- time), a scheme for the
adaptive estimation of the bias and
subsequent correction is
investigated.

SUMMARY : Using data from the
Adaptive Quality Control and
Analysis Statistical Database
maintained by the Naval Research
Laboratory (Monterey), the long-term
behavior of the radiosonde
observation values minus forecast
values in the geopotential height was

Naval Research Laboratory (Monterey)

consistent with solar radiation
angles was observed for one type of
radiosonde used in the U.S. In
cooperation with personnel at NRL a
parallel prediction run has been made
using the operational system at Fleet
Numerical Oceanography Center and an
adaptive correction system to correct
for consistent bias in the observed
minus forecast values. Analysis of
the data'is presently underway.

OTHER: Baker, N., R. Franke, T.
Jayachandran, The determination of
radiosonde geopotential height biases
by the Navy’s global data
assimilation system, preprint to
appear in Preprints of the

Eleventh Conference on Numerical
Weather Prediction, January 1993.

SCATTERED DATA APPROXIMATION

Professor

Department of Mathematics

investigated. A persistent bias
R. Franke,
Sponsor:
Funding:
OBJECTIVE: The objective was the
construction and evaluation of
methods for approximation of

functions of several variables from
scattered data measurements.

SUMMARY : Two separate approaches
were taken during the covrse of this
project. One was construction of
least squares approximations using

multiquadric functions. The
principal problem is the
determination of locations at which
to center the quadric basis
functions, such locations being
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referred to as knots. Two algorithms
were investigated: a greedy
algorithm sequential algorithm for
adding knots, and an optimization of
knot locations with a fixed number of
knots. It was discovered that near
multiple knots tended to occur
routinely, and this was determined to
be a by-product of the limited local
behavior possible from a single
quadric function. Excellent fitting
capability using only a few knots was
found to be possible by optimizing on
knot location. A approach was an
investigation of interpolation by




multiquadric functions to given data
while imposing constraints on the
interpolation function. An algorithm
has been implemented to compute
constrained multiquadric functions,

but further work is necessary to
determine whether such approximations
are reasonable to compute and use in
applications.

C. L. Frenzen, Associate Professor
Deaprtment of Mathematics

Sponsor:
Funding:

OBJECTIVE: The goal of this project
was to investigate nonlinear mode
coupling in free electron lasers.
The nonlinear evolution of two
optical modes coupled to the
electrons’ electromagnetic field was
studied in an attempt to understand
sideband instabilities in. free
electron lasers.

SUMMARY : Nonlinear equations
governing the evolution of the
electron and optical fields in a

D D

B

Research Initiation Program
Naval Postgraduate School

*
free electron laser with two optical

modes were derived and studied.
These equations form an oscillatory
system with slowly varying

coefficients. The system was examined
in the sustained resonance 1limit,
when the electron energy is very
close to the resonant enerqgy of the
principal optical mode. In this
limit a second order nonlinear
pendulum equation with slowly varying
coefficients is obtained.

RT
PROB 992

William B. Gragg, Professor
John R. Thornton, Assistant Professor
Department of Mathematics

Sponsor:

Funding:
OBJECTIVE: To produce and analyze
high quality parallel numerical
software for real symmetric
tridiagonal eigenproblems and

bidiagonal singular value problems
based on ideas of Gragg and Warner.
To understand the difficulties of
obtaining numerically orthogonal
eigenvectors and to construct
provably rigorous code for solving
these problems.

SUMMARY: We (Gragg) had previously
developed matlab codes for the real
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symmetric tridiagonal problem. The
codes were not sufficiently well
understood. There remained the
problem of selecting which of the
many variants the final code should
consist of. John Thornton started
from first principles and developed a

fortran code with an eye toward
hypercube implementation. Gragg
worked on this project at the
Interdisciplinary Project Center for
Supercomputing (IPS) at the Swiss
Federal 1Institute of Technology
(ETH) . This center has a small group




working on such problems, including
Peter Arbenz and Kevin Gates. Two
other visitors to ETH, Jack Dongarra
and Christopher Beattie, were also
interested in such algorithms and
presented talks. Beattie used
"modification" to solve the real
symmetric definite generalized
eigenproblem. His treatment required
a "technical" condition that was not
satisfied in general. Our approach
using Yextension" was quickly
generalized to give a numerically
stable solution of this basic problem
and our matlab code was likewise
generalized.

During this quiet time in Zuerich,
away from NPS, Gragg was able to
read, and quickly digest the essence
of, a paper by Barlow which had been
on his desk for over a year. Barlow
used overly complicated techniques to
do a backward error analysis of the
Dongarra-Sorensen-Tang algorithm. In
particular there was a simple inverse
eigenvalue problem involved which had
an explicit solution. Although Gragg

had gotten some nontrivial
inequalities in anticipation of
further hard analysis, time was

running out. Complete proofs were not
(quite) in sight. Then came word, by
e-mail, from Sorensen at Rice. Gu
and Eisenstat at Yale had managed to
get orthogonal eigenvectors, in
working precision, without sep
arithmetic. This was for the
Cuppen-Dongarra-Sorensen approach,
using "modification". Eisenstat
kindly sent a draft of their
manuscript, electronically, to Gragg
on a Thursday. Over the weekend
Gragg modified (with some emotional
pain and loss of sleep) the
Gu-Eisenstat approach to work also
with our "extension" idea. A stable
matlab code for the generalized
problem, using one form of our zero
finder, was running successfully.

This work has been published with
Carlos Borges. We have made some
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further improvements and the code

seems to work extremely well, with
about three iterations per
eigenvalue, on average. An earlier

(rare) problem of "overshoot" of the
zeros seems to have been cured. The

iteration is monotone,
mathematically, and now seems so
numerically. It seems within reach

to prove the latter.

Bottom line. TDC is now numerically
stable, and provably so. The error
analysis of the Gu-Eisenstat approach
is (not quite but almost) complete.
But, their algorithm is LESS PARALLEL
than that of Sorensen-Tang, using sep
arithmetic!! Some inequalities in
our “2uerich notes" indicate that it
may be possible to get a rigorous
treatment of the latter. We hope to
do this soon, with Borges.

PUBLICATIONS: Gragg, W.B., J.R.
Thornton and D.D. Warner, '"Parallel
Divide and Conquer Algorithms for the
Symmetric Tridiagonal eigenproblem
and Bidiagonal Singular Value
Problem," Modeling and Simulation,
Vol. 23, pPart 1, willaim G. Vogt and

Marvin *H. Mickle (eds.), 1992, pp.
49-56.

PRESENTATIONS : Gragg, W.B., J.R.
Thorton and D.D. Warner, '"Parallel

Divide and Conquer Algorithms for the
Symmetric Tridiagonal Eigenproblem
and the Bidiagonal Singular Value
Problem," 23rd Pittsburgh Confewrence
on Modeling and Simulation,
Pittsburgh, PA, 30 April 1992.

Gragg, W.B., "Divide and Conquer
Algorithms for Structured Eigenvalue
Problems," Division of Optimization
and Systems Thoery, Department of
Mathmatics, Royal Institute of
Technology, Stockholm, Sweden, 21 May
1992,

Gragg, W.B., "Jacobi Matrices and
their Unitary Analogs," Department of




Mathmatics, University of Fribourg,
Fribourg, Switzerland, 2 June 1992.

Gragg, W.B., " Flows on Jacobi and
Unitary Hessenberg Matrices," Seminar
for Applied Matmatics, Swiss Federal
Institute of Technology, 3Zuerich,
Switzerland, 24 June 1992.

Gragg, W.B., " Divide and Conquer
Algorithms for Structure Eigenvalue
Problems," Department of Mathmatics,
University of Karlsruhe, Karlsruhe,
Germany, 16 July 1992.

TT

Graqgqgg, W.B., '"Stable Divide and
Conquer Algorithms for Structured
Eigenproblems, " Department of

Mathmatics, University of Bielefeld,

Bielefeld, germany, 11 September
1992.
Gragg, W.B., " Stable Divide and

Conquere Algorithms for Structured
Eigenproblems, " 1992 Shanghai
International Conference on Numerical
Linear Algebra and Its Applications,
Shanghai, People’s Republic of China,
28 October 1992.

R TON D.

Van Emden Henson, Assistant Professor
Department of Mathematics

Sponsor:
Funding:

OBJECTIVE: To formulate theoretical
foundations of the multigrid,
multilevel, and multilevel projection
method (PML), and apply them to
several problems, specifically to the
image reconstruction problem and to
the solution of certain nonlinear
PDEs.

SUMMARY : Multigrid and multilevel
methods are numerical computation
methods that take advantage of all of
the scales of a problem in order to
accelerate the convergence to the

solution. Design and implementation
of the methods, however, is not
simple, and many workers |have

resisted using them because of their
complexity. Recently a new approach
called multilevel projection was
formulated by Stephen F. McCormick
which greatly simplifies the design
and implementation of multilevel
methods. This project investigates
the theoretical foundation and the
application of these methods to
several types of problems, including
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solution and grid refinement methods
for PDEs, specifically certain
semilinear elliptic equations that
arise in non-Newtonian fluid flow,
and multilevel methods for image
reconstruction (the Radon Transform
problem) .

OTHER: This project 1is ongoing
research. While publications and
conference presentations have not yet
been produced, a paper entitled
"Multilevel Projection Methods
Applied to a Semilinear Elliptic
Problem" has been accepted for
presentation at the 6th Copper
Mountain Conference on Multigrid
Methods, scheduled for April, 1993,
in Copper Mountain, Colorado. This
is a joint paper with Professor Aihua
Shaker, and will also be submitted to
a refereed journal. In addition,
this research, applied to image
reconstruction, is the topic of the
dissertation research of Major Bruce
Robinson, USA, now in its initial
stages.




van Emden Henson, Assistant Professor
Craig W. Rasmussen, Professor
Department of Mathematics
Sponsor: NPS Research Council (New Initiative Program)
Funding: Naval Postgraduate School

OBJECTIVE: To devise techniques by Target problems include
which multilevel methodology can be multicommodity flow, path planning,
applied to computationally slow and signal processing problems.
optimization and discrete
optimization problems, and to develop OTHER: This project was unfunded in
an underlying theory for these fiscal 1992, but has been funded for
applications. fiscal 1993. During 1992, however,
several important accomplishments
SUMMARY : Many problems in were completed. Under my direction,
optimization and discrete a Master’s thesis was written by LT
optimization can be solved only by Kevin J. Cavanaugh, USCG, entitled “A
computationally slow, “grinding" Multilevel Approach to Minimum Cost
processes. A similar computational Network Flows". This thesis includes
"stalling" characterizes many of the new research performed by LT
classical iterative methods for Cavanaugh, and features several
solving partial differential positive results. A joint paper by
equations (PDEs). Over the past Cavanaugh and Henson, including these
tifteen to twenty years multigrid results, has been accepted for
methods have been developed to solve presentation at the 6“h Copper
these PDE problems, and have been Mountain Conference on Multigrid
tremendously successful. This Methods, scheduled for April, 1993,
research is intended to investigate in Copper Mountain, Colorado. In
the possibility that multigrid-like addition, this research is to be the
algorithms, called multilevel topic of a Master’s thesis to be
methods, can be developed for the written by LT Annette Cornett, USN,
computationally slow optimization and to be jointly directed by Professors
discrete optimization problems. Craig Rasmussen and myself.

HAQTIC ATTRACTOR

Jeffery J. Leader, Assistant Professor
Department of Mathematics
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project Henon map was thoroughly investigated
was to investigate the feasibility of as a possible pseudorandom keystream
using chaotic iterations possessing generator for additive stream
strange attractors as a method of ciphers. It was found that the
generating running keystreams. resulting keystreams were balanced

and had excellent autocorrelation
SUMMARY : In collaboration with and linear complexity profiles, but
thesis student LT Jim Heyman, the that the runs were poorly balanced;
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n-tuples containing long runs of a
single bit were more sparse than

expected. A comparison to the
standard method (linear feedback
shift registers) was made. .The

extremely long periods of the Henon
keystreams partially counterbalance
the perfect runs properties of the

shift register m-sequences. In
addition, neural network-based pure
keystream attacks were signifigantly

more successful on the shift
registers than on the Henon
sequences. Other attacks and other
attractors, including those of the

Theodorus map, were also considered.

- -MODE

B.K. Mansager, Adjunct Professor
Department of Mathematics

Sponsor and Funding:

OBJECTIVE: The goal of this project
is to further develop the M-T-M
concept by investigating the
influence of using combat simulations
in the design of a field test and in
posttest analysis.

SUMMARY: Began an effort to
control variables within the

Janus (A) combat model. Specifically,
creating a "best fit" model
representation of the Javelin and
Tug-V systems, careful evaluation of
the P, and P, data and analysis of

Training and Analysis Command, Monterey

the Ft. Hunter-Liggett terrain.
Supervises a contractor effort to
compare the MIA1 test to Janus(A)
results.

PUBLICATIONS: Mansager, B.K. and B.
Neta, "Audio Detection Algorithms,"
NPS Technical Report, NPS-MA-92-008,
1992.

CONFERENCE PRESENTATION: Mansager,
B.K., "MTM Process for Javelin,"
Javelin TIWG, NPS, 27 August 1992.

AUDIO DETECTION ALGORITHMS
Beny Neta, Professor
Department of Mathematics

Sponsor and Funding:

OBJECTIVE: To develop sound
algorithm and to incorporate it into
the Janus simulation.

SUMMARY: It is known that audio
cueing plays an important role in
detection and acquisition of targets
on the battlefield. Current combat
simulations such as Janus play visual
detection processes, and use them to
generate target lists from which
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engagements are drawn. At present,
there is not a comparable algorithm
for playing audio cueing. The work
proposed is designed to investigate
how such cueing could be incorporated
into the Janus simulation.

PUBLICATION: Neta, B. and B.K.
Mansager, 'Audio Cueing Algorithms,"
NPS Technical Report, NPS-MA-92-010,
1992.




Department of Mathematics

Sponsor and Funding:

OBJECTIVE: This project 1is to
generalize the theory of multilinear
extensions of games and considers

possible applications.

National Science Foundation

OTHER : “The Not-quite Non-atomic
Game: Normal Approximation,' accepted
for publication by International
Journal of Game Theory.

ASTRODYNAMIC STANDARDIZATION

I. B. Russak, Associate Professor
Department of Mathematics

Sponsor:

Funding:

OBJECTIVES: To develop a new high
precision satellite tracking <ode for
the Navy in order to use: 1)

theory more current than that used in
developing the existing tracking code
some twenty years ago and 2) resolve
discrepancies in tracking results
among various military tracking
codes.

SUMMARY : Based on groundwork laid
out in a meeting between myself,
Professor Neta and Dr. Knowles, the
technical director of NAVSPASUR
(coordinator of the Astrodynamic
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Naval Weapons Center - Dahlgren, Virginia
Unfunded

Standardization Project) in 1991 (see
1991 FAR) an understanding of the

existing high precision satellite
tracking codes both military and
civilian is essential to the

development of a new code for the
Navy. The incorporation of the best
of these will form the basis for a
new code. Investigation into
existing high precision satellite
tracking codes has continued from
1991 into 1992 with the analysis (not
yet complete) of codes from
organizations such as Jet Propulsion
Laboratory, TRW, etc.
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Faculty Publications
and Presentations




TECHNICAL REPORTS

Borges, Carlos F., '"Some Inverse Problems For Jacobi And Arrow Matrices,' NPS
Technical Report, NPS-MA-93-002, July 1992-September 1992.

Borges, Carlos F., '"Parallel Divide And Conquer Algorithm For The Generalized
Real Symmetric Difinite Tridiagonal," NPS Technical Report, NPS-MA-93-009,
September 1992 - December 1992.

Brunnett, Guido, "Elastic Curves On The Sphere,'" NPS Technical Report, NPS-MA-
93-010, September 1992 - November 1992.

Canright, D., "“Thermocapillary Flow Near A Cold Wall," NPS Technical Report,
NPS-MA-93-011, January 1992 - December 1992.

Crouch, Peter E., "Elastic Curves On The Sphere," NPS Technical Report, NPS-MA-
93-010, September 1992 - November 1992.

Danielson, D. A., "Analytical Strength Formulas For Ship Hulls," NPS Technical
Report, NPS-MA-92-005, also released as an ATLESS Engineering Research Center
Report, Lehigh University, 1992.

Franke, Richard, '"Least Squares Surface Approximation To Scattered Data Using
Multiquadric Functions," NPS Technical Report, NPS-MA-93-008, January 1992 -
December 1992.

Frezza, Ruggero, 'Some Inverse Problems For Jacobi And Arrow Matrices," NPS
Technical Report, NPS-MA-93-002, July 1992 -~ September 1992.

Gragg, William B., "A Parallel Divided And Conquer Algorithm For The Generalized
Real Symmetric Definite Tridiagonal Eigenproblem,' NPS Technical Report, NPS-MA-
93-009, September 1992 - December 1992,

Gragg, William B., "Some Inverse Problem For Jacobi And Arrow Matrices," NPS
Technical Report, NPS-MA-93-002, July 1992 - September 1992.

Hagen, Hans, '"Least Squares Surface Approximation To Scattered Data Using
Multiquadric Functions," NPS Technical Report, NPS-MA-93-008, January 1992 -
December 1992.

Leader, Jeffery J., '"Power Iterations And The Dominant Eigenvalue Problem,' NPS
Technical Report, NPS-MA-93-007, March 1992 - June 1992.

Leader, Jeffery J., '"Boundedness And Asymptotics Of The Generalized Theodorus
Itertion,'" NPS Technical Report, NPS-MA-93-006, March 1992 - June 1992.

Mansager, B., '"Audio Detection Algorithms, NPS Technical Report, NPS-MA-92-008,
1992.

Neta, Beny, "Finite Element Approximation Of The Shallow Water Equations On The
Maspar,'" NPS Technical Reports NPS-MA-93-014, November 1992 - March 1993.
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Neta, Beny, "Audio Detection Algorithms," NPS Technical Report, NPS-MA-92-008,
1992.

Neta, Beny, '"Software for the Parallel Conservative Scheme for the Shallow Water
Equations," (with L. Lustman) NPS Technical Report, NPS-MA-92-004, 1992.

Neta, Beny, "audio Detection Algorithm," (with B. Mansager), NPS Technical
Report, NPS-MA-92-010, 1992.

Nielson, Gregory M., ‘'Least Squares Surface Approximation To Scattered Data
Using Multiquadric Functions,'" NPS-MA-93-008, January 1992 - December 1992.

Schoenstadt, Arthur L., "The Utility Of HF Propagation Models For Predicting The
Operating Frequency Of A Non-Cooperative Transmitter," NPS Technical Report,
NPS-MA-93~005, August 1991 - October 1991.

Thanakij, Rex, "Finite Element Approximation Of The Shallow Water Equations On
The Maspar,' NPS Technical Report, NPS-MA-93-014, November 1992 - March 1993.

JOURNAL ARTICLES

Borges, Carlos, '"Optemal Spectral Sampling for Color Imaging,' Color Hard Copy
and Graphic Arts, SPIE, Vol. 1670, February 1992, pp. 3353-358.

Canright, David, "Review of MDEP," CODE E Fall 1992: pp. 13-14.

Danielson, D.A., "Parallel Computing May Improve Space Surveillance," Naval
Research Reviews, 1992.

Franke, Richard and McMahon, John R., "Knot Selection for Least Square Thing
Plate Splines,'" SIAM JSSC 13, 1992, pp- 484-498.

Fredrickson, Hal, '"Gray Codes and the Thue-Morse-Hedlund Sequence,'" Journal of
Combinatorial Mathematics and Combinatorical Computing 11, April 1992, pp. 3-11.

Fredrickson, Hal, "A New Look at the deBruijn Graph," Discrete Applied
Mathematics, (special issue on Interconnection Networks), October 1992, pp. 193-
203.

Frenzen, Chris, "Error Bounds for Asymptotic Expansions of Gamma Function Ratios
with Complex Arguments," SIAM Journal on Mathematical Analysis, Vol. 23, No. 2,
March 1992, pp. 505-511.

Gragg, William B., '"Solution of Ordinary Differential Initial Value Problems on

an Intel Hypercube," (with L. Lustman and B Neta). Computer Math. Applic. 23
(1992) pp. 65-72.
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Gragg, William B., "Downdating of Szego polynomials and Data fitting
applications," (with G.S. Ammar and L. Reichel). Linear Algebra Appl. 72
(1992) pp. 315-337.

Gragg, William B., ‘"Parallel Divide and Congquer Algorithms for the symmetric
tridiagonal eigenproblem and bidiagonal singular value problem (with John R.
Thornton and Daniel D. Warner), In Modeling and Simulation, Vol. 23, Part 1
(William G. Vogt and Marvin H. Mickle, Editors) pp. 49-56. University of
Pittsburgh School of Engineering, 1992.

Neta, Beny, "Solution of Ordinary Differential Initial Value Problems on an
INTEL Hypercube,'" (with L. Lustman and W. Gragg) Computers and Kathematics with
Applications, Vol.23, 1992, pp. 65-72.

Neta, Beny, “Analysis of Finite Elements and Finite Differences for Shallow
Water Equations, A Review," Mathematics and Computers in Simulations, Vol.34
1992, pp. 141-161.

Neta, Beny, "Parallel Computing May Inprove Space Surveillance,' ONR Naval
Research Review, Vol. 44, 1992, p.54.

Owen, G., Gilles, R. and Brink, R.V.D., "Games with Permission Stuctures, I:
The Conjunctive Case," International Journal of Game Theory, 1992, pp. 277-293.

Owen, G., Borm, P., Tijs, S. and Nouweland, A.V.D., "On the Position value for
Communication Situations," SIAM Journal of Discrete Mathematics, 1992, np. 305-
320.

Owen, G., LeBreton, M. and Weber, S., '"Strongly Balanced Games,' International
Journal of Game Theory, 1992, pp. 419-427.

Owen, G., "The Assignment Game: The Reduced Game,'" Annales de L’Economie at la
Satistique, 1992, 71-79.

Owen, G., "“The Finagle Poin for Characteristic Function Games,'" in Rational
Interaction, ed. R. Selton, Springer (Berlin), 1992, 35-43.

Owen, G., and Maschler, M., "A Consistent Shapely Value for NTU Games,"
in Rational Interaction, ed. Selten, 1992, 5-12.

Owen, G., and Winetr, E., "The Multilinear Extension and the Coalitional Value,"
Games and Economic Behavior, 1992, 582-587.

Shaker, Aihua, “"Acoustic Emission From a Nucleating Point Fracture in a

Composite Plate," (co-authored); Journal of American Acoustical Society, 1992,
pp. 2964-2976.

181




CONFERENCE PUBLICATIONS

Borges, Carlos, "Optimal Point Sampled Spectral Representations for computer
Graphics Illumination Models," in Proceedings of the Second International
Conference on Computational Graphics and Visualization Techniques, 14 December
1992, pp. 36-43, Lisbon, Portugal.

Borges, Carlos, “Optimal Spectral Sampling for Color Imaging," at Imaging
Science and Technology: Electronic Imaging 1992 5an Jose, CA., 13 February 1992.

Borges, Carlos, "On the Karhunen-Loeve Expansion and Model Identification of
Reciprocal Stochasstic Processes," at Computation and Control III. Bozeman,
Montana, 7 August 1992.

Borges, Carlos, ‘'Optimal Point Sampled Spectral Representations for Computer
Graphics Illumination Models," at Computer Graphics Internaticnal 1992. Lisbon,
Portugal, 14 December 1992.

Gragg, William B., ‘Inverse Problems for Orthogonal Matrices, Toda Flows, and
Signal Processing,"” (with G.S Ammar and L. Faybusovich), in Proceedings of 31st.
Conference on Decision and Control, (Tucson), pp. 1488-1493. IEEE, New York,
1992.

Neta, Beny. 'Solution of Ordinary Differential Initial Value Problems on an
INTEL Hypercube with Applications to Orbit Determination, " Proceedings of the
1992 Space Surveillance Workshop.'" M.I.T. Lincoln Laboratory, Lexington, Ma,

7-9 April 1992, A.J. Coster and K.P. Schwan (eds.) Vol. i (1992) pp. 205-208.

CONFERENCE PRESENTATIONS

Canright, David and Davis, S.H., "Buoyant Convection niar a Solidifying
Dendrite," Interactive Dynamics in Convection and Solidification (sponsored by
NATO) , Chamonix, France, 7-14 March 1992. (Short paper published in the

conference proceedings.)

Canright, David, Baker, S.R. and Scandrett, C.L., " Applicaton of the T-matrix
Method Workshop on Transducers for Sonics and Ultrasonics, Orlando FL, 6-8 May
1992.

Canright, David, '"Thermocapillary Convection Near a Cold Wall," 45th Annual
Meeting of the Division of Fluid Dynamics of the American Physical Society,
Tallahassee, FL, 22-24 November 1992.

Fakhroo, Fariba, ‘'Legendre-tour Approximation for an Active Noise Control

Problem," Presented at SIAM Conference on Control and its Applications,
September 1992.
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.-ayg, William B., "Algorithms for Updating QRP Factorizations,' SIAM Regional
Meeting, Kent State University, Kent Ohio, 13 March 1992.

Gragg, William B., '"Updating and Downdating Szego Polynomials,'" SIAM Regiocnal
Meeting, Kent State University, Kent, Ohio, 14 March 1992.

Gragg, William B., ‘'"Parallel Divide and Conguer Algorithms for the Symmetric
Tridiagonal Eigenproblem and the Bidiagonal Singular Value Problem." 23rd
Pittsbugh Conference on Modeling and Simulation, Pittsburgh, Pennsylvania, 30
April 1992.

Gragg, William B., "Jacobi Matrices and Their Unitary Analogs," Division of
Optimization and Systems Theory, Department of Mathematics, Royal Institute of
Technology, Stockholm, Sweden, 17 May 1992.

Gragg, William B., "Divide and Conquer Algorithms for Structured Eigenvalue
Problems, " Division of Optimization and Systems Theory, Department of
Mathematics, Royal Institute of Technology, Stockholm, Sweden, 21 May 1992.

Gragg, William B., '"Jacobi Matrices and their Unitary Analogs," Department of
Mathematics, University of Fribourg, Fribourg, Switzerland, 2 June 1992.

Gragg, William B., "Flows on Jacobi and Unitary Hessenberg Matrices. Seminar
for Applied Mathematics, Swiss Federal Instutute of Technology, Zuerich,
Switzerland, 24 June 1992.

Gragg, William B., 'Divide and Conguer Algorithms for Structured Eigenvalue
Problems. Departmentof Mathematics, University of Karlsruhe, Karlsruhe, Germany,
11 September 1992.

Gragg, William B., "Stable Divide and Conquer Algorithms for Structured
Eigenproblems." 1992 Shanghai International Conference on Numerical Linear
Algebra and Its Applications, Shanghai, People’s Republic of China, 28 October
1992.

Gragg, William B., "Inverse Problems for Orthogonal Matrices, Toda flows, and
Signal Processing, 31st IEEE Conference on Decision Control, Tucson, Arizona, 17
December 1992.

Neta, Beny, "Orbit Determination on Parallel Computers," Space Systems Seminar,
NPS, 14 April 1992.

Neta, Beny, “Parallel Orbit Prediction," Twelfth Parallel Circus, North
Carolina Supercomputer Center, Research Triangle Park, 31 October 1992.

Owen, G., "The Not-quite Non-atomic Game,'" at University of Florece Italy, 4 May
1992.

Owen, G., 'Multi-person Bargaining," University of Florence 5 May 1992.
Owen, G., "The Not-quite Non-Atomic Game," University of Siena, Italy, 6 May
1992.
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Owen, G., '"Multi-person Bargaining," University of Bergamo, Italy, 8 May 1992.

Owen, G., '"Recent Advances in Game Theory," University of Urbino, Ttaly, 12 May
1992.

Owen, G., '"The Not-quite Non-atomic Game," University of Hamburg, Germany 18
May 1992.
Oowen, G., 'The Not-quite Non-atomic Game," University of Copenhagen, Denmark,

20 May 1992.
Owen, G., “Applications of Games to Discrete Mathematics and Operations
Research, " A sequence of three lectures for Landelijk Network of the

Netherlands, given at Tilburg University, 25-27 May 1992.

Owen, G., "The Not-quite Non-atomic Game," University of California, Irvine, 4
June 1992.

Owen, G., "Indirect Control of corporations, University of Texas, Arlington, 13
November 1992.

Oowen, G., "Indirect Control of Corporations," Mathematics Department Colloguium,
October 1992.

Rasmussen, Craig, '"Characterization of Graphs with Interval competition Graphs,

Sixth SIAM Conference on Discrete Mathematics, University of British Columbia,
Vancouver, B.C., June 1992.

BOOKS

Danielson, D.A., Vectors and Tensors in Engineering and Physics,
Addison-Wesley, 1992.

Weir, M., Student’s Study Guide, Parts T & IT, 4th Ed. Supplement for CALCULUS
by Thomas/Finney, Addison-Wesley Publishing Company, Reading MA, 379 Pages, May
1992.

ENCYCLOPEDIA ARTICLE

Owen, G., "Game Theory," in Encyclopedia of Physical Science, Vol. VII, pp. 37-
44, (Academic Press, Orlando, FL., 1992).
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WORKSHOP PRESENTATIONS

Leader, Jeffery, “"Teaching ODEs with PHASER" at the conference/workshop
“Teaching ODEs with Computer Experiments,' Claremont, CA, 17 June 1992.

Gragg, William B., "Schur Flows," Workshop on Hamiltonian and Gradient flows,
Algorithms and Control, Fields Institute for Research in Mathematical Sciences,
Waterloo, Canada, 14 April 1992.

Gragg, William B., '"Dating Szeto Polynomials - Updating, Workshop on Numerical
Linear Algebra in Signal Processing, Institute for Mathematics and Applications,
University of Minnesota, Minneapolis, 21 April 1992.

Gragg, William B., 'Dating Szeto Polynomials - Downdating, Workshop on Numerical
Linear Algebra in Signal Processing, Institute for Mathematics and Applications,
University of Minnesota, Minneapolis, MN, 22 April 1992.

Neta, Beny, " Solution of Ordinary Differential Initial Value Problems on an

INTEL Hypercube with Applications to Orbit Determination," Space Surveillance
Workshop, M.I.T. Lincoln Laboratory, Lexington, MA, 7-9 April 1992.

COMPUTER PROGRAMS PUBLISHED

Canright, David, "Fractal Editor (FrEd)," computer program published as shareware
(available on CompuServe: go IBMAPP, in Graphics library, FREDEX.EX®' /fakk
1992.
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DEPARTMENT OF
MECHANICAL ENGINEERING

The primary thrust of the Department of Mechanical Engineering’s research
program continues to advance the state of knowledge in areas important to the U.
S. Navy, in particular, those areas involving solid mechanics and composite
structures; underwater shock and vibration/noise; control of dynamic systems;
fundamentals of fluid mechanics, hydrodynamics, and heat transfer including
applications to electronic cooling, welding, boiling and condensation, and
applied thermodynamics; and materials science applied to metals and metal matrix
composites. Results of research are published in student theses, NPS technical
reports, and in papers presented both at, and appearing in, national conference
proceedings, and published in scientific journals. The following is an overview
of each area of research followed by individual faculty summaries.

SQOLID MECHANICS, SHOCK AND VIBRATION

Professor Shin continued his work in the area of underwater shock and
transient machinery condition monitoring and diagnostics sponsored by DNA and
NAVSEA as well as NPS Direct Research Fund. Project funded by DNA are concerned
with the nonlinear dynamic response and failure mechanism of submerged structures
to underwater explosion (UNDEX). The comparatively recent introduction of "double
hull" submarines, with a significant volume of water between a thick inner hull
and a thinner outer hull, has raised questions regarding the survivability of
these submarines. Of particular interest here is the ability of weapons
currently in the U.S. arsenal to effectively disable or sink this type of
submarine. The ability to predict the response of double hull cylindrical models
with fluid located between the inner and outer hulls, subjected to side-on
underwater shock loading, was fully investigated. The progress in transient
machinery condition monitoring and diagnostics was made in: (a) characterizing
the time-frequency dependent signatures of transient machinery such as
turbine-driven Torpedo Ejection Pump (TEP) system of Trident class submarine, and
(b) developing successful diagnostics methods for detection of faults in machine
operation, and predicting machinery failure using back-propagation neural network
approach.

Professor Kwon developed an accurate and efficient micro-mechanical model
for nonlinear and damage analyses of fibrous composites. The objective of the
model was to predict the global deformation at the composite level from nonlinear
deformations of constituent materials as well as micromechanical damage, such as
matrix cracks and fiber breakage. Comparison between predicted and experimental
results for glass/epoxy and graphite/epoxy composites was very good. This project
was sponsored by the Naval Postgraduate School and Naval Surface Warfare Center.
A project sponsored by the Nuclear Defense Agency is in the area of
fluid-structural interaction subjected to an underwater explosion. A failure
analysis of aluminum cylinders exposed to both side and end attacks was performed
using numerical and experimental techniques. The objective of this study was to
enhance understanding of failure modes and mechanisms of structures
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subjected to an underwater explosion. The effects of surface coating on submerged
structures exposed to an underwater shock were also investigated numerically.

SHIP SYSTEMS

Professor Calvano has been conducting a study for the Naval Sea Systems
Command (NAVSEA) to investigate methods for improving the design of survivability
features for surface ships, within cost constraints, as well as methods for the
assessment of ship survivability. This work is intended to build a basis for
long-term support of NAVSEA in Total Ship Survivability as related to the
engineering of total ship systems. The task is being approached using the ship
design process as a frame of reference to explore ways to further the development
of survivability as an integral element of that process. Professor Calvano has
also been investigating methods for assessing the mission survivability of
surface ships and the technology used to enhance their survivability. An
analysis of the value of a modern warship’s staying power (anti-vulnerability)
relative to the value of defensive firepower and other measures for so-called
active survivability (anti-susceptipnility), offensive firepower, and detection
and tracking power are being studied.

DYNAMIC SYSTEMS, CONTROLS AND ROBOTICS

Professors Healey and Papoulias along with faculty in the Computer Science
Department and the Electrical and Computer Engineering Department have been
continuing their program to investigate and improve basic technologies related
to the real time control, artificial intelligence, and computer architectures
needed for the support of Autonomous Underwater Vehicles. The objective is to
demonstrate ever increasing autonomy of wvehicle behavior in a controlled
environment. Progress has included a major effort in matching the experimental
maneuvering behavior obtained and the use of Kalman filtering for the parameter
identification. The use of Neural Networks in adaptive autopilot operations has
been studied. A design outline for the use of a small GPS/INS package (funded
in part by NOSC Hawaii) has been performed with a view to providing a strap-on
navigational unit for underwater use. The transient performance of small
thrusters has shown that significant additional thrust may be achieved from a
small unit by using pulsed operation although more needs to be done. The use of
a high frequency high resolution sonar has led to new technique for correcting
navigation ervors while maneuvering in the vicinity of a target.

Professor Healey has begun a study for the Strategic Systems Program Office
(SP24) of the use of neural networks as a technology that may enhance the
operational ease with which navigation errors are computed and corrected.
Applications to the damping of Schuler oscillations has been studied in which,
to begin with, a time varying Kalman filter system has been designed to
compensate navigational errors due to accelerometer calibration, ocean current,
side slip, and EM log errors. Neural network diagnostic systems are being
studied for their potential as additive improvements to the existing Kalman
filter based correction algorithms. The commonly used gyro stabilized platform
containing accelero-meters for motion sensing has been considered as the hardware
implementation of the Inertial Navigation System studied. Professor Healey is
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also studying a neural network based approach to failure diagnostics for
underwvater vehicles for the Naval Coastal Systems Center (NCSC). In support of
the Autonomous Control Logic program at NCSC, this work is aimed at investigating
methods of using neural networks for autonomous system failure diagnostic devices
that would be easily trained and execute rapidly in real time. Two types of
failure have been identified; internal failures, caused by changes to machinery
such as propulsion motors, their controllers, sensors used to monitor shaft
speed, changes in voltage levels in the main supply, and excessive noise or bias
shifts in the outputs of sensors; and external failures such as the loss of a
propeller or control plane. A backpropagation network has been trained to
monitor ‘the voltage and current levels in a propulsion motor. Results have been
indicated that loading changes arising from excessive shaft friction can be
detected easily as a shift in the nonlinear mapping of the normal levels of
voltage and current with each other. A '"Hopfield" dynamic network has been
investigated for its suitability to identify vehicle response parameters, as a
preliminary to eventual input into a failure detection network.

Professor Driels has been carrying out a study on heat transfer parametric
identification for the Naval Air Warfare Center (NAWC), China Lake. This work is
designed to augment that performed at NAWC into the determination of convective
heat transfer coefficients for thrust vector control vanes. Our work focusses
on the development of robust and flexible optimization schemes to identify the
coefficients from experimental data supplied by NAWC. This work is now being
extended to investigate the effect of erosion on the vane, and to address the
issue of how to ensure reliable experimental data before tests are conducted.

In the area of robotics, Professor Driels has been investigating the
correlation of haptic and visual search techniques. In this project, a basic
research program has been undertaken into the mechanics of haptic probing. The
study concluded that there is strong correlation between the foveal visual sense
and the haptic sense, at least in terms of thedir use in exploring objects.
Recent work has focussed on the development of hybrid exploratory system
comprising a visual and haptic (proprioceptive) component. This system has
allowed the investigation of explorative procedures close to those experienced
by Navy divers.

Professor Driels has also been carrying out research for the NASA, Johnson
Space Center on a force override rate controller for remote actuation. This work
is designed to develop new control algorithms which allow the shuttle manipulator
control system to automatically switch from rate control to force control. This
will allow the system to better perform assembly tasks, such as those associated
with the planned space station project. The work involves theoretical analysis
of the control structure, followed by implementation on the PUMA manipulator in
the controls laboratory. In addition, a new type of force-torque sensor for use
in the control system will be developed. This unit is based on force sensing
technology, and will be developed for use as both the master and slave units in
the force sensing control system.

Professor Papoulias has been engaged in a study of the nonlinear dynamics

and motions of marine vehicles, in particular, the nonlinear interactions of
guidance and control laws for both manned and autonomous vehicles.
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Professor Mukherjee has been investigating the control of under actuated
robot manipulators. The objectives of this research are to investigate the
kinematic and dynamic behavior of under-actuated dynamical systems, of robot
manipulators in particular, in the presence of second-order nonholonomic
constraints of motion, and to establish motion planning and control schemes for
the under-actuated system. This is a continuing project. The results of the
research indicate that second-order nonholonomic constraints are difficult to
deal with. The better way of dealing with under-actuated systems is, therefore,
to either under-actuate a cyclic coordinate of the system or impose artificial
constraints that generate cyclic-like coordinates. The net effect is the partial
integrability of the second order constraints into first order differential
constraints. Then the control of the system becomes much simpler to design.

FLUID DYNAMICS, HEAT TRANSFER AND TURBOMACHINERY

Professor Sarpkaya has been working on basic research towards the
understanding of the fundamental mechanisms and physical processes underlying
two~ and three-dimensional vortex/free-surface interactions in homogeneous,
stratified, and sheared media, taking into account ambient turbulence, viscous
effects, and various large-scale instabilities (sinusoidal instability and vortex
breakdown) for ship and submarine related hydrodynamics in a real ocean
environment (ONR). Numerous physical experiments have been carried out in a
large towing tank with various 1lifting surfaces and submerged bodies in
homogeneous and density-stratified medium. Second, experiments with single and
multiple vortices have been conducted in a large water basin using both
stratified and homogenous medium. Third, experiments have been performed in a
recirculating water tunnel with a single turbulent vortex. The velocity and
turbulence measurements were made with an LDV system. The characteristics of the
resulting surface scars have been evaluated in terms of the governing parameters
through the use of a Motion Analysis System and a Sun computer. Extensive
numerical analysis has been performed and a computer code has been developed to
predict numerically the characteristics of the surface disturbances, the energy
spectra, the distribution of the turbulent kinetic energy, and the fractal
dimension.

Professor Sarpkaya, under the sponsorship of the National Science Foundation
(NSF), has also been conducting computational and experimental fluid dynamics
research towards the understanding of the effect of unsteadiness on the
characteristics of the resulting time-dependent flow. In this work, a two-step,
three-level, finite-difference, predictor-corrector scheme (based on the
second-order Adams-Bashforth method) and a Fast Poisson Solver based on FFT
methods are used to carry out the numerical experiments. A von Neumann linear
stability analysis was performed and the mesh sizes and time steps were chosen
to provide a conditionally stable solution. The physical experiments were carried
out in a U-shaped oscillating-flow tunnel for various Reynolds and
Keulegan-Carpenter numbers. The results were found to be in reasonable agreement
with those obtained experimentally. The methodology is being extended to Gaussian
oscillations of the flow about a cylinder to simulate the ocean environment.
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Professor Marto, together with Adjunct Professor Memory, continued his research
on 2nhanced two-phase heat transfer. The influence of a helical wire wrap on
film condensation of steam on a horizontal smooth tube was determined. A wide
variety of nucleate boiling data of CFC-114 and HCFC-124 were obtained during
boiling from various enhanced surfaces. The influence of oil on boiling
performance was also studied. Results can be used to design more compact
shipboard vaporators and condensers.

Professor Kelleher has been continuing the work on field modeling of fire
and smoke spread in confined spaces. In this work, a finite difference model to
simulate the spread of fire and smoke in the fire simulation experimental
facility at the Naval Air Warfare Center has been developed. The present version
of the model uses a system of general orthogonal coordinates so that the
specification of the geometry is not a major constraint. The code has been used
to model fires in the experimental facility currently in operation at the Naval
Air Warfare Center, China Lake, CA. Results have been obtained for simulations
of fires in this facility both with and without a ventilation opening in the side
wall.

Professor Joshi has been conducting an investigation of heat transfer fluid
flow during fusion welding processes. The Gas Tungsten Arc Welding process has
been investigated. Using a laser vision system, weldpool free surface flow
patterns were investigated for a variety of operating conditions for HY 80 steel
and aluminum. Several new features such as circumferential stirring and surface
undulations were observed, which are not accounted for in the existing models.
A new modeling effort has been initiated to examine the convective transport in
the weldpool, in light of the visuvalizations. An exiting heat conduction model
was also used to correlate fusion zone macrostructures with thermal histories.

Professors Joshi and Relleher have continued their investigation of advanced
techniques for 1liquid immersion cooling of electronic equipment under the
sponsorship of the Naval Surface Warfare Center, Crane. In the experimental part
of this work, two liquid immersion cooling studies were undertaken. Single phase
natural, mixed and forced convection in a vertical channel from an array of flush
heat sources were experimentally studied. Both aiding, as well as opposed
conditions were investigated. The second study dealt with the enhancement of
natural convection due to bubble pumping. The configuration considered was a
three by three arrangement of leadless chip carriers on a ceramic substrate. In
the numerical part of this work, two-dimensional computations were carried out
to model prior natural convection experimental studies on isolated components.
The three-dimensional code developed for the analysis of heat transfer and fluid
flow problems in rectangular systems was used to study two configurations. The
first involved the modeling of a chip carrier package during steady and transient
liquid immersion cooling. The second study simulated the natural convection
transport from a three-by-three array of heated protrusions.

Professor Millsaps has begun a research program to study advanced
aerodynamic seals. The objective of this work is to improve the aerodynamic and
rotordynamic characteristics of sealing devices (labyrinth, annular, brush, etc.)
for use in gas turbine and steam turbine power plants. Preliminary analytical
work suggests that non-uniform seal clearances may be responsible for synchronous
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vibration problems in gas turbine rotors.

MATERIALS SCIENCE

Professor Perkins is continuing his investigation of the mechanisms of
lattice transformations and internal friction in high-damping alloys. The main
objective of this research is to develop models to delineate the damping
mechanisms in certain so-called "quiet metals". The ultimate aim is to develop,
on the microscopic and sub-microscopic level, a unified mechanistic model for the
damping behavior of high damping alloys. Since results to date indicate that
damping in these alloys is always linked to phase transformations (which may be
magnetic transitions, lattice-displacive transformations, or diffusional
trans-formations), and more particularly to boundaries which result from such
transformations, a major objective is to define the microstructural features
which play a role in the damping mechanisms.

Professor McNelley has been undertaking several research projects dealing
with aluminum alloys and aluminum based metal matrix composites. In one of these
projects, a study is being made of the role of grain boundaries in fine-grained,
superplastic aluminum alloys and the development of such grain boundaries during
thermomechanical processing of these materials. He has also been investigating
mechanisms to obtain improved combinations of strength, ductility and toughness
in Al-based metal-matrix composite materials by thermo-mechanical processing.
Discontinuously reinforced metal-matrix composite materials have many attractive
properties but lack adequate ductility and toughness for many engineering and
military applications. Improved combinations of strength and ductility have been
obtained with use of controlled heat treatments on processed material. A third
project which Professor McNelley has been working on addresses the continuous
measurement of aging using eddy current sensors during heat treatment of
precipitation hardening alloys. The goal of this program is the development of
sensors for the continuous measurement of the aging response during heat
treatment of a precipitation hardening alloy. Intelligent processing requires
such a sensor to monitor material response in real time and provide input to a
controller.

Professor Fox has continued his work in a wide variety of topics. He has
been investigating techniques to accurately measure the low-angle structure
factors of elements and intermetallic alloys by various diffraction methods so
that their electronic bonding mechanisms can be investigated. A second project
being carried out for the Naval Surface Warfare Center, Annapolis involves the
investigation of the microstructure and mechanical properties of HY and HSLA
80-130 series steels and their weldments to evaluate new weld consumables and
parent steels for Naval shipbuilding applications. In a third project, also
sponsored by NSWC, Professor Fox has been using electron microscopy and X-Ray
diffraction to investigate the degradation of yttria stabilized zirconia ceramic
thermal barrier coatings for gas turbine applications.

Professor Dutta has been investigating the structure, properties and Naval
applications of metal matrix composites. For the Naval Surface Weapons Center,
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white Oak, he has been investigating the microstructural development in metal
matrix composites and to determine the effect of processing on their properties.
For NSWC, Crane, he has undertaken two projects: the first is a study of the
effect of thermal residual stresses on the mechanical properties of metal matrix
composites, while the second project, carried out with Adjunct Professor Mitra
is studying the characterization of aluminum nitride substrates and
copper-aluminum nitride metallizations for electronic packaging applications.

Adjunct Professor Crooks has been investigating the microstructure/cryogenic
property correlations in welded aluminum-copper-lithium alloys. This work is
being carried out under a Cooperative Research and Development Agreement (CRDA)
with Martin Marietta Manned Space Systems.
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ILITY

C. N. Calvano, Associate Professor
Department of Mechanical Engineering

Sponsor and Funding:

OBJECTIVE: The purpose of this
project was to conduct research on
methods for improving the design of
survivability features for surface
ships, within cost constraints, as
well as methods for the assessment of
ship survivability. Intended to
build a basis for long-term support
of NAVSEA in Total Ship Survivability
as related to the engineering of
total ship systems.

SUMMARY : The task was approached
using the ship design process as a
frame of -~f2rence to explore ways to
further the development of
survivability as an integral element
of that process. It was concluded
that a significant stumbling block to

Naval Sea Systems Command (NAVSEA 50B)

the effective and coherent
incorporation of survivability
concerns in the design of a ship is
the lack of a common understanding

and language among the wvarious
technical communities which
contribute to the design of Navy
combatant ships as well as among

different segments of the Navy. It
remains a goal of research in this
area to develop survivability design
tools and appropriate measures of

effectiveness, but this goal will
remain elusive until common
understanding of survivability
principles is more widespread. An
article to address this common
understanding was written for

publication in the ASNE Journal.

SURFACE SHIP SURVIVABILITY
C. N. Calvano, Associate Professor
W. Hughes, Adjunct Professor
Department of Mechanical Engineering
Sponsor and Funding: Naval Sea Systems Command (NAVSEA 512)

OBJECTIVE: The purpose of this
project was to conduct research on
methods for assessing the mission
survivability of surface ships and on
the technology used to enhance their

survivability and to apply this
knowledge to Total Ship Systems
Engineering course development. An

analysis of the value of a modern
warship’s staying power (anti-
vulnerability) relative to the value
of defensive firepower and other
measures for so-called active
survivability (anti-susceptibility),
cifensive firepower, and detection
and tracking power was to Dbe
conducted.
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SUMMARY : The methods of aircraft
survivability were reviewed to
explore ways to apply these or

similar methods to surface ships.
Methods for complying with directives
and public law mandating increased
emphasis on survivability determi-
nation, demonstration and testing
were also explored. The development
of a survivability assessment
methodology that can be uszsed 1in
trade-off studies to establish the
military worth of survivability
enhancament features was begun. The
impact of survivability features on
ship attributes was explored by means
of a total ship design done as a




student-performed design project.
TSSE course notes were amended to
include discussion of survivability
principles and design processes. An
analysis of the value of a modern
warship’s staying power relative to
the value of defensive firepower and

other measures, offensive firepower,
and detection and tracking power was
conducted, revealing that staying
power, or the ability to absorb
damage without loss, plays a larger
part in overall survivability than is
usually understood.

METHODS OF SHIP SURVIVABILITY

C. N. Calvano,

Associate Professor

Department of Mechanical Engineering
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: Recognizing that
considerable aircraft survivability
work has been done by investigators
who know little about ships, the PI,
knowing a good bit about ships but
little about generic survivability
methods, was to use this RIP project
to support him in gaining expertise
in survivability methods to enhance
the credibility and effectiveness of
his work under other funded research
projects and to establish his
presence as a continuing researcher
in ship survivability design.

SUMMARY: After surveying aircraft
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survivability methods, fruitful
areasfor further application of those
methods in ship survivability

evaluation and enhancement are being
identified. Specific effort is being
devoted to analytical methods which
could effectively substitute for
destructive techniques in complying
with recent directives and Public Law
concerning "live fire testing"” of
weapons systems to demonstrate their
survivability. Sponsorship for the
writing of a survivability manual has
been obtained and the formal
processing of the reimbursable
research proposal is underway.

L _NOQZZLES

R. Crooks, Adjunct Professor
Department of Mechanical Engineering
Sponsor and Funding: Naval Air Test Center, Patuxent River, MD

OBJECTIVE: The goal of this study
was to evaluate means of preventing
the blockage in fuel nozzles due to
coking of JP-5 fuel which occurs at
temperatures abecve 300°F. This
project was initiated in 1991 and is
to be continued in 1993.

SUMMARY: Operational effectiveness
of the T56-A-427 engine used in the
E-2C+ has been adversely affected by
coking of JP-5 in fuel nozzles during
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The
fuel

thermal soakback after shutdown.
coking occurs as oxidized

adheres to the stainless steel,
eventually blocking fuel nozzles
passages. Efforts in 1992 focussed
on assessment of coking parameters
and design of a system to evaluate

modified nozzle surfaces. The fuel
contributing to blockage is
approximately 1 ml per cycle.

Measurable blockage is observed after
30 cycles. During 1992 we designed a




test cell to simulate thermal cycle
conditions at the fuel nozzle swirl
plate, where blockage occurs. In the
test apparatus 1 ml of fuel is
injected into a chamber at room
temperature. One end of the chamber
has a provision for attachment of
samples which serve as experimental
swirl plates, and heating elementsare
clamped to the outside of the
chamber. The fuel in the chamber is
heated to temperatures and rates to
match the conditions observed at the
PAX River Telemetry Center, during
evaluation of soakback in the T-56-A-
427 engine of the E-2C+. The thermal
exposure is followed by a purge.
These three stages represent one
cycle. The experimental apparatus is
controlled by a digital data
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acquisition and control system. Two
simple modifications to c¢ircumvent
the coking problem have been
suggested, namely fuel or nozzle
modifications. The approach we are
pursuing involves modification of
nozzle swirl plate and/or fuel line
surfaces with non-stick coatings to
minimize adhesion of the oxidized
fuel. We have contacted commercial
manufacturers of non-stick coatings
and hope to evaluate modified samples
in our test apparatus early in 1993.

OTHER : Results and program plans
were reviewed during an on-site
meeting with representatives of
NavAir, NAPC and several NPS students
and staff members.

IN LDED

Al-Cu-Li ALILOYS
R. Crooks, Adjunct Professor
Department of Mechanical Engineering
Sponsor: Martin Marietta Manned Space Systems, New Orleans, LA

OBJECTIVE: Light-weight, high-
strength Al-Cu-Li alloys are being
considered for assembly of the Space
Shuttle Tank -- a large, welded
structure. The fracture behavior of
the welded material at cryogenic
temperatures has been an area of
concern. Our purpose in this program
was to correlate the microstructures
of welded specimens with their
fracture behavior when subjected to
bending at cryogenic temperatures.

SUMMARY: Welded panels representing
three composition variations of the
Al-Cu-Li alloy Weldalite ™ and one
of the A1-Cu alloy 2219 were provided
by Martin Marietta Manned Space
Systems after welding by Variable
Polarity Plasma Arc (VPPA) technique
with 2319 filler alloy. Slow three-
point bend tests were performed on
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these welds at 77K and 298K and
interrupted at the onset of fracture.
Metallographic sections were used to
establish crack paths of the
cryogenically tested Weldalite
material. The most common failure
modes involved intergranular fracture
in an equiaxed grain region near the
fusion zone boundary. The equiaxed
grains are thought to form as a
result of rapid freezing of partially
melted material at the edge of the

weld pool. The alloys were closely
examined to determine the
distribution of grain boundary

particles in the fusion zone boundary
region. Many of the equiaxed grain
boundaries contained continuous
second phase particles, and electron
diffraction data indicated that these
were not the equilibrium ternary
phases present in slowly cooled




alloys. Morphologically similar
particles were present on a small
number of grain boundaries in the
heat-affected zone, possibly due to
liquation. Large, discrete particles
were found at equiaxed grain triple
junctions, and some of these were
identified as equilibrium Ty
(Al,Cy,Li) . Both the extent of the
equiaxed grain region and the amount
of second phase appear to decrease as
the copper and lithium contents

decrease. The wWeldalite™ samples
with the lowest copper and lithium
contents, nominally A1-4.0Cu-1.0Li,
exhibited better cryogenic strength
and ductility than 2219 when properly
welded.

THESIS DIRECTED: Sedlak, John S.,
LCDR, USCG, '"Microstructure-Cryogenic
Behavior Correlations in Welded Al-
Cu-Li Alloys," M.S. Thesis, September
1992.

CORRELATION OF HAPTIC AND VISUAL SEARCH

Morris R. Driels,

Professor

Department of Mechanical Engineering
Sponsor: Naval Ocean Systems Center
Funding: Naval Postgraduate School

OBJECTIVE: The objectives of this
project were to complete the
acquisition and installation of the
force reflecting telemanipulator in
the laboratory, and then use it to
invostigate the basic structure of
haptic sensing. In addition,
preliminary research on sensory data
fusion were to be attempted.

SUMMARY : A basic research program
has been  undertaken into the
mechanics of haptic probing. The

study concluded that there is strong
correlation between the foveal visual
sense and the haptic sense, at least
in terms of their use in exploiting
objects. Recent work has focussed on
the development of a hybrid
exploratory system comprising a
visuval and haptic (propreocceptive)
component. This system has allowed
the investigation of explorative
procedures close to those experienced
by Navy divers.
PUBLICATIONS: ""The

Driels, M.R.,
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Effect of Sensory Feedback on the
Identification of Objects Using a
Teleoperator," (with Spain & Aviles),
International Journal of Automation
in Construction, Vol. 1, pp. 167-173,
1992.

Driels, M.R., "Combined Visual and
Haptic Search for Remote Object
Identifdication," (with D. Klein),

proceedings of the SPIE OE Technology
Conference, Boston, MA, 15-20
November 1992.

Driels, M.R., "The Quality of Visual
and Haptic Search for Object
Recognition," proceedings of the IEEE
International Conference on
Intelligent Control, pp. 255-260,
Glasgow, August 1992.

THESIS DIRECTED: Klein, D., LCDR,
USN, "Modelling of Full Vision System
Using Combined Visual/Haptic Search
for Remote Teleoperation," Master’s
T.uesis, December 1992.
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Morris R. Driels,

IC T IFI TON
Professor

Department of Mechanical Engineering
Sponsor and Funding: Naval Air Warfare Center

OBJECTIVE: This work is designed to
augment that performed at NAWC into
the determination of convective heat
transfer coefficients for thrust
vector control vanes. Our work
focuses on the development of robust
and flexible optimization schemes to
identify the coefficients from
experimental data supplies by NAWC.
This work is now being extended to
investigate the effect of erosion on

R IDE RATE

LLER
Morris R. Driels,

the vane, and to address the issue of
how to ensure reliable experimental
data before tests are conducted.

PUBLICATION: Driels, M.R., "Testing
and Analysis of Heat Transfer in
Materials Exposed to Non-Metallized

HTPB Propellant," (with A.
Danielson), 1992 JANNEF Rocket Nozzle
Technology Subcommittee Meeting,

Sunnyvale, CA, December 1992.

R REM
Professor

A ATION

Department of Mechanical Engineering
Sponsor and Funding: NASA, Johnson Space Center

OBJECTIVE: The work is designed to
develop new control algorithms which
allow the shuttle manipulator control
system to automatically switch from
rate control to force control. This
will allow the system to better
perform assembly tasks, such as those
associated with the planned space
station project. The work involves
theoretically analysis of the control
structure, followed by implementation
on the PUMA manipulator in the
controls laboratory. In addition, a
new type of force-torque sensor for
use in the control system will be
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developed. This unit 1is based on
force sensing technology, and will be
developed for use a both the master
and slave units in the force sensing
control system.

THESES DIRECTED: Edwards, R.,
“Optimum Poses Measurements for
Kinematic Parameter Identification,"”
Master’s Thesis, June 1992.

"Force Override Rate
Remote Actuation,"
September 1992.

Syvertsen, J.,
Controller for
Master’s Thesis,




I. Dutta, Assistant Professor
Department of Mechanical Engineering
Sponsor and Funding: NSWC - White Oak

OBJECTIVE: To investigate
microstructural development in metal
matrix composites and to determine
the effect of processing on the
properties of MMCs from a mechanistic
standpoint.

SUMMARY: The effect of reinforcement
distributions and processing
conditions on the early stages of
precipitation in composite matrices

(2014 A1 and 6061 A1) has been
studied. Mechanical property
development as a function of
processing history was also
investigated. The importance of this
project to the Navy and the

scientific community lies in the fact
that without a proper understanding
of the aging behavior and

in these materials cannot be
designed.

PUBLICATION: Dutta, I., and C.P.
Harper, “Effect of Alumina

Particulate Addition on the Aging
Response of 2014 Aluminum-Matrix
Composites," Proceedings of the
International Conference on Al
Alloys, Vol. 1, p. 519, 1992.

CONFERENCE PRESENTATION:
$.D., A.P. Divecha and 1I.
“Processing, Microstructure
Properties of Centrifugally
A356A1/S1iC Composites,"
Anaheim, May 1992.

Karmarkar,
Dutta,
and
Cast
Aeromat 92,

THESIS DIRECTED: May, C., "Effect of
Post-Fabrication Thermo-Mechanical

microstructural development of MMCs, Treatments on Aging Response of
appropriate thermo-mechanical Centrifugally Cast SiC-2014 Al
treatments to obtain the optimum Composites," Master’s Thesis, June
combination of mechanical properties 1992.
EFFECT OF THERMAL RESIDUAIL STRESSES ON THE
I T IX COMPOSITE
I. Dutta, Assistant Professor
Department of Mechanical Engineering
Sponsor and Funding: Naval Surface Warfare Center and
Naval Postgradutae School

OBJECTIVE: (1) To Find the effects composite flow stress has been
of residual stresses on uniaxial studies via Finite Element Modeling,
properties of discontinuous based on SiC whisker / Al composites.
composites; and (2) to evaluate the In addition, thermal cycling studies
impact of residual siresses on were conducted on continuocus fiber

thermal fatigue behavior of Gr/Afl
composites.

SUMMARY :
of

In this project, the effect
thermal residual stresses on

198

composites to evaluate the impact of
residual stresses on continuous Gr/Al
MMCs experimentally. Metal Matrix
Composites are being considered for
use in various components for naval




sea and air systems and a fundamental
understanding of the role of thermal
residual stresses (which are always
present in MMCs) in determining
composite properties is essential for
proper design and selection of
materials.

CONFERENCE PRESENTATION: Dutta, I.,
“Impact of Residual Stresses on
Uniaxial Deformation of SiC Whisker

Aluminum-Matrix
Composites,” 3rd Annual Navy R&D
Information Exchange Conference,
Silver Spring, Maryland, April 1992.

Reinforced

THESIS DIRECTED: Wiest, A.D.,
“Thermal Cycling Response of
Unidirectional and Cross-Plied
Graphite Aluminum Laminates,"

Master’s Thesis, September 1992,
advisor: Prof. S. Mitra).

(co-

ELECTRONIC PACKAGING APPLICATIONS

I. Dutta,

Assistant Professor

Department of Mechanical Engineering
Sponsor and Funding: Naval Surface Warfare Center, Crane

OBJECTIVE: To correlate the process
- microstructure - property
relationships of aluminum nitride
substrates, and characterize the
interfaces in metallized substrates.

SUMMARY: The sintering kinetics in
liquid phase sintered aluminum
nitride bulk pieces are Dbeing

investigated to optimize processing
parameters with respect to resultant
microstructural changes. Thermal
conductivity, which is a very
important property of good substrate
materials for electronic packaging,
is being measured to investigate the
effect of process variables on
substrate properties. Interfacial
adhesion in metallized substrates,
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and residual stresses in metal films
on AIN area also being studied.

PUBLICATIONS: Dutta,
and L. Rabenbergqg,
Aluminum Nitride at Near-Ambient
Temperatures,” Journal of American
Ceramics Society, p. 3149, 1992,

I., S. Mitra
"Oxidation of

Dutta, I., S. Mitra and J.H. Cooper,
"Process-Dependence of Microstructure
and Properties of Sintered Aluminum
Nitride Substrate Materials for
Electronic Packaging Materials
Science," Electronic Packaging
Materials Science-Vi, Proceedings of
the MRS Spring Meeting, November
1992.




A.G. PFox, Associate Professor
Department of Mechanical Engineering
Sponsors: Department of Energy and the
Naval Air Development Center

Funding:

OBJECTIVE: To accurately measure the
low-angle structure factors of
elements and intermetallic alloys by
various diffraction methods so that
their electronic bonding mechanisms
can be investigated.

SUMMARY : A knowledge of the
distribution of bonding electrons in
solids can give important information
about their physical properties. One
way to gain such knowledge is to
accurately measure the low angle
structure factors by some means, and
then use these to generate maps of
the electron charge distributions.
In the present work  electron
diffraction has been used to measure
the low-angle structure factors of
BNjAl1. and an electron charge
distribution has been generated for
this alloy and important bonding
information has emerged. During
1991, xX-ray diffraction work
commenced on the TiAl1 system and in
1992 continued so that accurate
values of the lattice parameters and
Debye-Waller factor of TiAl were
obtained. During the last quarter of
1992 electron diffraction
measurements of the low-angle
structure factors of TiAl were made
on the 1.5 MeV high voltage electron
microscope at the University of
California, Berkeley. Further
measurements are currently being made
and these results are presently being
analyzed.

PUBLICATIONS: Fox, A.G., Stoner,
T.A., and Cade, S.C., '“Towards
Extinction-Free Metallurgical Powders

200

Naval Postgraduate School

for X-ray Diffraction. An
Application to TiAl1," Scripta
Metallurgica et Materiala, Vol. 27,
p. 1765, 1992.

Maslen, E.N., A.G. Fox and M.A.
O’Keefe, ' "X-ray Scattering"” - a
contribution to the International
Tables for Crystallography, Vol. C,
Mathematical, Physical and Chemical
Tables. Published for the
International Union for
Crystallography by Kluwer Academic
Publishers, Dordrecht/Boston/London.

Section 6, Brown, P.J., Fox, A.G.,
Maslen, E.N., O’Keefe, M.A., Sabine,
T.M., and willis, B.T.M.,
“Interpretation of Diffracted

Intensities,” Subsection 6.1.1., p.
476, 1992.

CONFERENCE PRESENTATIONS: Fox, A.G.
and Tabbernor, M.A., "The Structure
Factors, Charge Density and Debye-
Waller Factors of Martensitic Ni-Rich
BNiA1" presented at the International
Conference on Martensite
Transformations, Monterey, CA, 20-24
July 1992.

Fox, A.G. and Tabbernor, M.A., '"The
Measurement of Small Structure
Factors by the Critical Voltage
Effect in HEED. The Superlattice
Reflections in BNiA1, BCoAl and TiAl’
presented at the 50th Annual Meeting
of EMSA, Boston, MA, pp. 1174-1175,
16-22 August 1992.

FPox, A.G., "High Voltage Electron
Diffraction and its Contribution to
Understanding the Bonding Mechanisms




in Elements and Alloys,” an invited
talk presented at the Microstructure
of Materials Symposium in honor of
Professor Gareth Thomas’ sixtieth
birthday, Lawrence Berkeley
Laboratery, University of California,
Berkeley, CA, 22-23 October 1992.

THESIS DIRECTED: Stoner, T.A.,
“Preparation of Extinction-Free Ti-51

at.$ Al Powder and Characterization

by X-Ray Diffraction.” Maste. ‘s
Thesis, March 1992.
OTHER : Fox, A.G., "The Bonding

Charge Densities of Intermetallic
Alloys," a seminar presented at the
Naval Air Development Center,
Warminister, PA, 7 January 1992.

A.G. Fox,

Assoc

STEEL. {EI
iate Professor

Department of Mechanical Engineering

Sponsors and Funding:

Annapolis Detachment, Carderock Division,

Naval Surface Warfare Center, MD

OBJECTIVE: To investigate the
microstructure and mechanical
properties of HY and HSLA 80-130
series steels and their weldments to
evaluate new weld consumables and
parent steels for Naval shipbuilding

applications.

SUMMARY: In recent years, the U.S.
Navy has been replacing the HY80-100
series of high strength alloy steels
with their high-strength, low-alloy
(HSLA) equivalents. This is being
done because the stringent weld
preheat requirements associated with
the HY steels are not necessary for
the HSLA series. So, despite the
higher manufacturing costs of high-
strength, low-alloy steels, the U.S.
Navy should make significant savings
by changing over to HSLA or ultra low

carbon bainitic (ULCB) steels for
ship and submarine construction. 1In
addition, the Navy’s stringent

requirement that weld metal have the
same strength as the base plate
presents an interesting challenge in
weld wire development for both HSLA
and HY steels. This project aims to
support these objectives with
fundamental physical metallurgy
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studies at NPS. This project was
very successful with one Mechanical
Engineer and two Masters Theses
completed in 1992, one publication
submitted, one conference proceeding
and two other talks presented.

PUBLICATION: Fox, A.G., Douglas,
B.A, and Comerford, L.W., "On the
Size, Type and Distribution of Non-
Metallic Inclusions in a Multirun GMA
Weldment Made on a 50 mm Plate of
HSLA-100 Steel."

CONFERENCE PRESENTATION: Fox, A.G.,
Mikalac, S., and Vvassilaros, M.G.,
“The Microstructure and Mechanical
Properties of a HSLA-100 Steel and
HSLA-100 with Increased Copper in
Plate Form," presented at the Gilbert
R. Speich Symposium on the
Fundamentals of Aging and Tempering
of Bainitic and Martensitic Steel
Products, Montreal, Quebec, Canada,
pp. 155-161, 18-21 October 1992.

THESES DIRECTED: Novak,
USN, "A Correlation of Welding
Solidification Parameters to Weld
Macrostructure, " Mechanical Engineers
Thesis, June 1992.

F.C., LT,




T

Suka, A., LT, Japanese Navy,
"Microstructure and Mechanical
Properties of High Copper HSLA-100
Steel in 2" Plate Form." Master’s
Thesis, June 1992.

McDonald, E.P., LT, USN, ‘“Pactors
Influencing the Microstructure and
Mechanical Properties of UCLB-100 TIG
Multipass Weldments." Master’s
Thesis, September 1992.

OTHER: A.G. Fox, "The Mechanical
Properties and Microstructure of two

HSLA-100 Steels in 19mm Plate Form,"
presentation made at the Annapolis
Detachment of the Carderock Division,
Naval Surface Warfare Center (NWSC),
Annapolis, MD, 6 January 1992.

Fox, A.G., "Current Collaborative
Materials Projects between NPS and
NWSC," presentation made at the
Annapolis Detachment of the Carderock
Division, Naval Surface Warfare
Center (NWSC), Annapolis, MD, 21

September 1992.

A.G. Fox, As

sociate Professor

Materials Science Group,
Department of Mechanical Engineering

Sponsors and Funding:

Annapolis Detachment, Carderock Division of

the Naval Surface Warfare Center, MD

OBJECTIVE: To
degredation of yttria stabilized
zirconia ceramic thermal barrrier
coatings when exposed to vanadium
pentoxide.

investigate the

SUMMARY : The U.S. Navy has an
ongoing program of research into
yttria stabilized zirconia (YS2)
ceramic coatings for gas turbine
blades. Although very successful

when used with high quality fuels,

¥SZs can deteriorate when cheaper
fuels are used, particularly when
vanadium is present in the fuel as an
impurity when degredation of the ¥S2
occurs so that significant reduction
in turbine blade lifetimes results.
The object of the present work is to
investigate the diffusion of V,0¢
into a YSZ of composition 2Zr0,-9.4
mol.% Y,03 by X-ray diffraction and
electron microscopy in order to try
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and understand why vanadium in fuels
degrades YSZs. During 1992
experiments at NPS were performed
which indicated that V,05 reacts
preferentially with Y,0, but in
regions well away from the diffusion
interface between the V,05 and the
YSZ where all the yttria is
apparently ‘tied up’ as YVO, the
vanadia can react with the free
zirconia now available to form the
compound 2rv,0,. Both YV0, and 2rV,0,
are extremely brittle and thus the
YSZ rapidly degrades on exposure to
vanadia.

THESIS DIRECTED: Kondos, K.G., LT,
Hellenic Navy, '"X-ray Diffraction and
Electron Microscope Studies of Yttria
Stabilized Zirconia Ceramic Coatings
Exposed to Vanadia." Master’s
Thesis, June 1992.




LARGE SCALE VEHICLE STUDIES
A.J. Healey, Professor and Chairman
Department of Mechanical Engineering
Naval Sea Systems Command

Sponsor and Funding:

OBJECTIVE: This initial study was to
review the effectiveness of control
algorithms used for vehicle
stabilization and navigation filter
design and to recommend upgrades as
new systems are planned.

SUMMARY: Project was initiated in
August 1992 and a final report has
been written with a proposal for
follow on work in 1993.

A.J. Healey, Professor and Chairman
Department of Mechanical Engineering

Sponsor and Funding:

OBJECTIVE: To involve Naval Officers
in the issues of potential
improvements to submarine Inertial
Navigation Systems involving both
software and operational
considerations.

SUMMARY: The use of neural networks
has been proposed as a technology
that may enhance the operational ease
with which navigation errors are
computed and corrected. Applications
to the damping of Schuler oscilla-

Strategic Systems Program Office Code SP24

tions has been studied in which, to
begin with, a time varying Kalman
filter systems are being studied for
their potential as additive
improvements to the existing Kalman
filter based correction algorithms.
The commonly used gyro stabilized
platform containing accelerometers
for motion sensing has been
considered as the hardware
implementation of the Inertial
Navigation System studied.

TRANSPORTATION STUDY FOR THE M119A HOWITZER
A.J. Healey, Professor and Chairman
Department of Mechanical Engineering
Sponsor and Funding: United States Army Material Command

OBJECTIVE: To involve Army students
in performing a study of the dynamic
motions and stresses in the "A" frame
of an M119A Howitzer while under tow
in field conditions.

SUMMARY : It has been shown that
under extraordinary extreme
conditions the loading is such that
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field movement would cause
damagealthough in most normally rough
terrain conditions, Army procedure
should be changed to allow field

"movement in the firing configuration.

The project was initiated in March
1992 and a final report is in
preparation.




A.J. Healey, Professor and Chairman
Mechanical Engineering Department
Sponsor: Naval Coastal Systems Center

OBJECTIVE: In the last few years,
the potential of neural networks as
signal processing schemes for real
time parameter identification and
automated system diagnostics has
attracted attention. 1In support of
the Autonomous Control Logic program
at NCSC, this work is aimed at
investigating methods of using neural
networks for autonomous system
failure diagnostic devices that would
be easily trained and execute rapidly
in real time.

SUMMARY: Two types of failure have
been identified; internal failures,
caused by changes to machinery such
as propulsion motors, their
controllers, sensors used to monitor
shaft speed, changes in voltage
levels in the main supply, and
excessive noise or bias shifts in the
outputs of sensors; and external
failures such as the loss of a
propellor or control plane. A
backpropagation network has been
trained to monitor the voltage and
current levels in a propulsion motor.
Results have indicated that loading
changes arising from excessive shaft
friction can be detected easily as a
shift in the nonlinear mapping of the
normal levels of voltage and current
with each other. A ’‘Hopfield’
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dynamic network has been investigated
for 1its suitability to identify
vehicle response parameters, as a
preliminary to eventual input into a
failure detection network.

THESIS DIRECTED: Navarette, J.,
“Neural Network Based Propulsion
System Fault Diagnostics for the NPS
AUV II" Master’s Thesis, June 1992

PUBLICATIONS: Healey, A.J., "A
Neural Network Approach to Failure
Diagnostics for Underwater Vehicles,"

Proceedings of 1EEE Oceanic
Engineering Society Symposium on
Autonomous Underwater Vehicles,
AUV-92 Washington D.C., 2-3 June

1992, pp. 131-135.

Chu, S. R., Shoureshi, R., Healey, A.
Jd., “a Hopfield-Based Neuro-
Diagnostic System," Proceedings of
the Amkrican Control Conference,
Chicago, Illinois, June 24-26, 1992.

Healey, A.J., Bahrke, F., Navarrete,
J., “Failure Diagnostics for
Underwater Vehicles: A Neural Network
Approach" Maneuvering and Control of
Marine Craft, Computational Mechanics
Publications, ISBN No. 1-56252-109-8,
1992. Section 5, pp. 293-306.




PLANNING, NAVIGATION, DYNAMICS AND CONTROL OF

A.J. Healey, Professor and Chairman
F.A. Papoulias, Assistant Professor
Department of Mechanical Engineering

Robert B. McGhee,

Professor and Chairman

Yuh-Jeng Lee, Assistant Professor
Y. Kanayama,
Se-Hung Kwak, Adjunct Research Professor
Department of Computer Science
R. Cristi, Associate Professor
S.B. Shukla, Assistant Professor
Department of Electrical and Computer Engineering
Sponsor: Office of Naval Technology, Code 23
Funding: NPS Direct Research Fund

OBJECTIVE: This research project is
a long term continuing program to
investigate and improve basic
technologies related to the real time
control, artificial intelligence, and
computer architectures needed for the
support of Autonomous Underwater
Vehicles.

SUMMARY: The objective to be met is
to demonstrate ever increasing
autonomy of vehicle behavior in a
controlled environment. Progress for
this reporting period has included a
major effort in matching the
experimental maneuvering behavior
obtained last year and the use of
Kalman filtering for the parameter
identification. The use of Neural
Networks in adaptive autopilot
operations has been proposed and
studied. A design outline for the
use of a small GPS/INS package
(funded in part by NOSC Hawaii) has
been performed with a view to
providing a strap-on navigational
unit for underwater use. During this
year the transient performance of
small thrusters has shown that
significant additional thrust may be
achieved from a small unit by using
pulsed operation although more needs
to be done. The use of a high
frequency high resolution sonar has
led to new technique for correcting
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Professor

navigation errors while maneuvering
in the viscinity of a target. An
integrated simulator for the
development and testing of control
code has been designed during this
year and will allow for
intercommunication and data
transmission between the Departments
involved in this project and includes
a separate GESPAC computer to
replicate the vehicle control
computer connected to and IRIS
graphics workstation as an
environmental simulator. This system
will be used to debug mission control
code prior to downloading into the
vehicle at poolside. Further
information is available from the
Principal Investigator.

PUBLICATIONS: Healey, A.J., et. al.
"Research in Autonomous Underwater

Vehicles at NPS," Naval Research
Reviews, Vol XLIV No. 1 1992
pp-43-51.

Healey, A.J., Good, M., "The NPS AUV
II Autonomous Underwater Vehicle
Testbed: Design and Experimental
Verification," Naval Engineers

Journal, ASNE, May 1992. pp.191-202

Healey, A. J., "Model Based
Maneuvering Controls for Autonomous
Underwater Vehicles,." Transs ASME




Journal of Dynamic
Measurement and Control
No. 4, 1992 pp. 614-622

Systenms,
vol. 114,

Healey, A.J., Bahrke, F., Navarrete,
J., “Failure Diagnostics for
Underwater Vehicles: A Neural Network

Approach," Maneuvering and Control
of Marine Craft, Computational
Mechanics Publications, ISBN No.
1-56252-109-8, 1992. Section 5 pp.
293-306

Healey, A.J., “"Experimental

Verification of Autonomous Underwater
Vehicle Behavior Using the NPS AUV
II," Maneuvering and Control of
Marine Craft, Computational Mechanics
Publications, ISBN No. 1-56252-109-8,
1992. Section 4 pp. 217-236

Papoulias, F. A., Healey, A. J.,
“Path Control of Surface Ships Using
Sliding Modes," Journal of Ship
Research, Vol. 36, No. 2, 1992 pp.
141-153

Healey, A.J., Marco, D. B., "
Experimental Verification of Mission
Planning by Autonomous Mission
Execution and Data Visualization

using the NPS AUV II,'" Proceedings of
IEEE Oceanic Engineering Society
Symposium on Autonomous Underwater

Vehicles, AUV-92 Washington D.C.,
June 2-3, 1992, pp. 65-73.
Healey, A.J., "A Neural Network

Approach to Failure Diagnostics for
Underwater Vehicles," Proceedings of
IEEE Oceanic Engineering Society
Symposium on Autonomous Underwater
Vehicles, AUV-92 Washington D.C.,
June 2-3, 1992, pp. 131-135.

Chu, S. R., Shoureshi, R., Healey, A.
J., "A Hopfield-Based Neuro-
Diagnostic System, " Proceedings of
the American Control Conference,
Chicago, Illinois, June 24-26, 1992,

Marco, D. B., Healey, A.J., "Sliding
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Mode Acoustic Servoing for an
Autonomous Underwater Vehicle from
Simulations and Experiments, "
Proceedings of the 1992 oOffshore
Technology Conference, Houston Texas,
1992 Paper No. OTC 6974.

Healey, A.J., Marco, D.B., '"Slow
Speed Flight Control of Autonomous
Underwater Vehicles: Experimental

Results with NPS AUV II," Proceedings
of the 2nd International Offshore and

Polar Engineering Conference, San
Francisco, 14-19 July 1992.
Papoulias, F.A., "Guidance and

Coritrol Laws for Vehicle Path Keeping

Along Curved Trajectories," Applied
Ocean Research, Vol. 14, No. 5.
Papoulias, F.A. and Chism, S.R.,
"Path Keeping of Autonomous
Underwater Vehicles Using Sliding
Mode Control," International
Shipbuilding Progress, Vol. 39, No.
413, 1992.

Papoulias, F.A., "Loss of Stability

of Guidance and Control Laws for
Autonomous Vehicles,'" Dynamics and
Stability of Systems, Vol. 8, No. 1.

Byrnes, R.B., MacPherson, D.L., KRwak,
S.H., McGhee, R. B., Nelson, M.L.,
“An Experimental Comparison of
Hierarchical and Subsumption Software
Architectures for Control of an
Autonomous Underwater Vehicle,"
Proceedings of IEEE Oceanic
Engineering Society Symposium on
Autonomous Underwater Vehicles,
AUV-92 Washington D.C., June 2-3,
1992. pp-135-141

Kwak, S. H., McKeon, J. B., Clynch,
J. R., McGhee, R. B., "Incorporation
of Global Positioning System into
Autonomous Underwater Vehicle
Navigation," Proceedings of IEEE
Oceanic Engineering Society Symposium
on Autonomous Underwater vVehicles,
AUV-92 Washington D.C., June 2-3,




1992. pp.291-297

Y. Lee and Luqi, "Controlling an
Autonomous Underwater Vehicle using
an Expert System. Proceedings of the
Second International Conference  on
Automation, Robotics and Computer
Vision, pages AI-3.6.1--6, Singapore,
15-18 September 1992.

Y. Lee and J. Bonsignore. Underwater
Multi-dimensional Path Planning.
Proceedings of the Tenth Annual
National Conference on Ada
Technology, pages 357--360,
Arlington, Vvirginia, 24-27 February
1992.

THESES DIRECTED: Bahrke, Fred
"Parameter Identification and Sliding
Mode Control for tne NPS AUV II"
Master’s Thesis, March 1992

Navarette, J., 'Neural Network Based
Propulsion System Fault Diagnostics
for the NPS AUV II" Master’s Thesis,
June 1992.

Cody, S. E., "An Experimentai Study
of the Response of Small Thrusters To
Step and Triangular Inputs'" Master’s
Thesis, December 1992.

December 1992.

Simakis, D.A., "Vehicle Guidance and
Control Along Circular Trajectories,"
Master’s Thesis September, 1992.

Panoff, T.J., ‘‘*Reference Path
Generation and Tracking of Marine
Vehicles’’, Master’s Thesis,
September 1992.

Venne, D.V., ‘‘Effects of Positional
Information Time Lags on Motion
Stability of Autonomous Vehicles’’,
Master’s Thesis, September 1992.

Falcao, Marco A.G., '"Allocation of
Periodic Tasks with Precedences on
Transputer Based Systems', Master’s
Thesis, September 1992

Cengiz, E., "Efficient Grid Based
Te~hniques for Solving the Weighted
Regicn Least Cost Path Problem on
Multiprocessors'" MS Thesis December
1992

Nagengast, S., “Correction of
Inertial Measurements Using GPS
Updates for Underwater Navigation",
Master’s Thesis, Spertember 1992

Menke, K. W., "Nonlinear Adaptive
Ingold, B.J., "“AUV Navigation from Control Using Backpropagating Neural
Image Profile Segments using a High Networks", Master’s Thesis, June
Frequency Sonar" Master’s Thesis, 1992.
ADVANCED TECHNIQUES FOR LIQUID IMMERSTION COOLING OF

ELE

IC EQUIPMENT

Y. Joshi, Associate Professor

M.D. Kelleher,

Professor

Department of Mechanical Engineering
Sponsors and Funding: Naval Surface Warfare Center and the
Naval Postgraduate School

OBJECTIVE: Experimental and
computational investigations of
liquid immersion cooling of

electronic components.

SUMMARY : Two liquid immersion
cooling studies were undertaken.
Single phase natural, mixed and

forced convection in a vertical




channel from an array of flush heat
sources were experimentally studied.

Both aiding, as well as opposed
conditions were investigated. The
second study dealt with the

enhancement of natural convection due
to bubble pumping. The configuration
considered was a three by three
arrangement of leadless chip carriers
on a ceramic substrate.

PUBLICATION: Joshi, Y. and Kelleher,
M.D., "Liquid Immersion Cooling of
Electronic Equipment, Naval Research
Reviews, Vol. XLIV, No. 1, pp. 35-42,
1992.

CONFERENCE PRESENTATION: Mukutmoni,
D., Kelleher, M.D., and Joshi, Y.,
“Computations of Liquid Immersion
Cooling for a Three by Three Array of
Chips in a Rectangular Enclosure,"

National Electronics Packaging
Conference, Anaheim, CA, February
1992.

THESES DIRECTED: Syring, J.D., LT,
USN, "Mixed and Forced Convection
from an Array of Discrete Heat
Sources in a Vertical Channel,"

Master’s Thesis, March 1992.

Rahall, R.G., LCDR, USN, "Convective
Heat Transfer from Discrete Heat
Sources in a Liquid Filled Vertical
Channel," Master’s Thesis, December
1992.

Thompson, R.G., LCDR, USN, '"Natural
Convection Heat Transfer Studies of
Simulated and Actual Electronic
Components Using Dielectric Liquids
for Immersion Cooling,'" Master’s
Thesis, June 1992.

Arata, F.A., LT, USN, ‘'Mucleate
Boiling Heat Transfer Study of Direct
Immersion Cooling of a 3x3 Array of
Vertically Oriented Electronic
Components in a Dielectric Liguid,"
Master’s Thesis, September 1992.

COMPUTER_AIDED ANALYSIS OF ELECTRONIC EQUIPMENT COOLING
Y. Joshi, Associate Professor

M.D. Kelleher,

Professor

Departmeni of Mechanical Engineering
Sponsor: Naval Surface Warfare Center, Crane, IN

OBJECTIVE: Computational modeling of
electronic equipment cooling.

SUMMARY : Two-dimensional
computations were carried out to
model prior natural convection
experimental studies on isolated

components. The three-dimensional
code developed for the analysis of
heat transfer and fluid flow problems
in rectangular systems was used to
study two configurations. The first
involved the modeling of a chip
carrier package during steady and
transient liquid immersion cooling.
The second study simulated the
natural convection transport from a
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three-by-three of heated

protrusions.

array

PUBLICATIONS: Sathe, S.B. and Joshi,
Y., "Natural Convection Cooling of a
Substrate-Mounted Protrusion in a
Square Enclosure: A Parametric
Study," Journal of Heat Transfer,
Transactions of ASME, Vol. 114, pp.
401-409, 1992.

Wrobleski, D. and Joshi, Y.,
"Transient Natural Convection From a
Leadless Chip Carrier in a Liquid
Filled Enclosure: A Numerical Study,"
Journal of Electronic Packaging,"
Transactions of ASME, Vol. 114, pp.




—

271-279, 1992. National Heat Transfer Conference,
San Diego, August 1992.
CONFERENCE PRESENTATIONS:

Wroblewski, D. and Joshi, Y., “Liquid THESIS DIRECTED: Hickey, C.N., LT,
Immersion Cooling of a Substrate USN, “Natural Convection from a
Mounted Protrusion in a Three- Horizontal Heater in Response to
Dimensional Enclosure: The Effects of Steady and Pulsatile Input Powers,"
Protrusion Aspect Ratios and Master’s Thesis, June 1992.

Enclosure Boundary Conditions,"

ATI ER HEAT TRANSFER AND FLUID
D F I I
Y. Joshi, Associate Professor
Department of Mechanical Engineering
Sponsor: None
Funding: Unfunded

OBJECTIVE: Investigation of heat weldpool, in light of the
transfer and fluid flow during fusion visualizations. An existing heat
welding processes. conduction model was also used to
correlate fusion zone macro-
SUMMARY : The Gas Tungsten Arc structures with thermal histories.
Welding process was investigated.
Using a laser vision system, weldpool THESIS DIRECTED: Schupp, P.E., LT,
free surface flow patterns were USN, ‘'"Weldpool Flow Visualization
investigated for a wvariety of Studies During Gas Tungsten Arc
operating conditions for HY 80 steel Welding of Steel and Aluminum,"
and aluminum. Several new features Master’s Thesis, March 1992.
such as circumferential stirring and
surface undulations were observed, Novak, F.G., LT, USN, "A Correlation
which are not accounted for in the of Welding Solidification Parameters
existing models. A new modeling to Weld Microstructure,'" Master’s
effort has been initiated to examine Thesis, June 1992.

the convective transport in the

T DELT F FIRE AND OKE SPREAD IN CONFINED SPACES
M.D. Kelleher, Professor and Chairman
Department of Mechanical Engineering

Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: Develop a finite presentation of results. The
difference numerical model for the computer code is to be used to
realistic determination of the time simulate various fire scenarios in
dependent fire and smoke spread in submarines and surface ships for fire
confined spaces. Develop graphics safety and design considerations.
postprocessing routines, both color

and monochrome, to provide effective SUMMARY: A finite difference model
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to simulate the spread of fire and

smoke in the fire simulation
experimental facility at the Naval
Air Warfare Center has been
developed. The present version of

the model uses a system of general
orthogonal coordinates so that the
specification of the geometry is not
a major constraint. The model is

also capable of including the
presence of solid objects or
obstruction, such as machinery
components, within the enclosure.

The effects of surface radiation has
also been included. The model can
also accommodate the presence of
forced ventilation within the space
so that the presence of fans or
ventilation ducts can be included.
Graphics post-processing capabilities
have been developed which provide
color representations of the
isotherms at any instant in the fire.
Routines have also been developed
which provide two dimensional plots
of the instantaneous isobars and

FRA

Y.W. Kwon,

vectors plots of the instantaneous
velocity vectors. These routines
greatly enhance the presentation of
the results. The code has been used
to model fires in the experimental
facility currently in operation at
the Naval Air Warfare Center, China
Lake. CA. Results have been obtained
for simulations of fires in this
facility both with and without a
ventilation opening in the side wall.

THESES DIRECTED: Torkelson, K., LT,
UsSCaG, “"NumericalField Model
Simulation of Full-Scale Fire Tests

in a Closed Spherical/Cylindrical
Vessel Using Advanced Graphics
Techniques,’ M.S. in M.E., September
1992.

Delaney, Michael, LCDR, USN, '"Numeri-
cal Field Model Simulation of Full
Scale Fire Tests in a Closed and Open
Compartment," M.S. in M.E., December
1992.

ANALYSIS IN METAL-MATRIX CO ITE
Assistant Professor

Department of Mechanical Engineering
Sponsor and Funding: Naval Postgraduate School

OBJECTIVE: The goal of this project
was to develop a nonlinear analysis
model for fiber-reinforced metal
matrix composites and to investigate
the crack tip behavior of metal-
matrix composites at the micro- and
macro-mechanics level.

SUMMARY: A new and efficient three-
dimensional model was developed to
analyze material-nonlinear behavior
of metal matrix composites:
plasticity and thermo-viscoplasti-
city. This model directly used
constituents material properties such
as fiber and matrix. A finite
element formulation was developed for
this model so that general three-
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dimensional composite structures
including laminated plates and shells
could be analyzed.

The present model and finite element

formulation was verified using
examples to which solutions were
available. Present numerical

solutions compared very well with
available solutions. Elastoplastic
deformation of matrix resulted in
bilinear behavior of the bending
stress in fiber for a composite plate
subjected to a bending load. Thermo-
elastoviscoplastic analysis of a
cross-ply composite showed that at
some location s, stresses peaked up
quickly and dropped gradually as time




elapsed while at some other locations
stresses decreased quickly and stayed
the same.

The developed model was also applied
to study the crack tip behavior of
composites. Interaction between a
macroscale crack and a near damage
zone was studied for composite plates
subjected to a tensile load.
Composite damage such as fiber
breakage and matrix cracks near a
crack tip increased the stress
intensity factor at the tip for
linear elastic deformation. It also
spread the yield zone of matrix for
the elastoplastic analysis.

Crack closure study indicated that
crack closure might result in non-
conservative solutions around the
crack tip compared to no-closure
solutions depending on the material
properties of fiber and matrix. If
the two materials had so different
elastic modulii, the crack closure
solution was not conservative. It
was caused by the transverse shear
effect. Furthermore, warping of the
crack face near the crack tip was
more severe in a composite plate than
in an isotropic plate.

PUBLICATIONS: Kwon, Y.W., "Material
Nonlinear Analysis of Composite Plate
Bending Using a New Finite Element
Formulation," Computer and
Structures, Vol. 41, No. 5, pp. 1111-
1117.

Kwon, Y.W., "Finite Element Analysis
of Thermoelastoplastic Stresses in
Composites, '"European Journal of
Mechanical Engineering, Vol. 37, No.
2, June 1992, pp. 83-88.
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Kwon, Y.W., '"Analysis of Composite
Plates Containing Cracks," Journal of

Pressure Vessel Technology, ASME
Transactions, Vol. 114, August 1992,
pp. 358-363.

Kwon, Y.W., ‘“Analysis of Crack

Closure in Unidirectional Composite
Plates Subject to Bending Loads,"
Engineering Fracture Mechanics, Vol.
42, No. 5, pp. 825-831.

CONFERENCE PRESENTATIONS: Kwon,
Y.W., Elastoplastic Crack Closure
Analysis of a Composite Plate in
Bending," Composite Material
Technology-1992, ASME PD-Vol. 45,
1992, pp. 245-252.

Kwon, Y.W. and Serttunc, M., 'Static
and Dynamic Buckling of a Fiber
Embedded in a Matrix with Interface
Debonding, " Recent Advances in
Structural Mechanics-1992, ASME PVP-
Vol. 248/NE-Vol. 10, pp. 41-48.

Kwon, Y.W., "Analysis of Metal Matrix
Composites," Third Annual R&D
Information Exchange Conference,
Naval Surface Warfare Center, Silver
Spring, MD, 8-10 April 1992.

THESES DIRECTED: Serttunc, M.,
"Effects of Interfacial Debonding and
Fiber Breakage on Static and Dynamic
Buckling of Fibers Embedded in
Matrices," Master’s Thesis, September
1992.

Babiloglu, E., "A Numerical Study of
Dynamic Crack Propagation in
Composites," Master’s Thesis,
September 1992.




HEAT TRANSFER OF HCFC-124 AND HCFC-124/LUBRICANT

MIXTURES USING ENHANCED SURFACES
P.J. Marto, Distinguished Professor
Department of Mechanical Engineering
Sponsor and Funding: NSWC Carderock Div, Annapolis Detachment

OBJECTIVE: The purpose of this
research is to compare the heat
transfer performance characteristics
of HCFC-124/0il mixture to those of
CFC-114/0il mixtures in order to
assess if the new HCFC-124
refrigerant can be used as a "drop-
in" replacement for CFC-114.

SUMMARY: During FY92, the existing
heat transfer facility was modified
in order to wuse the alternative
refrigerant HCFC-124. This required
that the laboratory be fully isolated
from other facilities with 100% full

petition walls and be specially
ventilated in order to comply with
the refrigerant manufacturer’s

standards of use. In addition, an
air-monitoring system and alarm were
ordered and installed to ensure safe
operation. Finally, the single tube
boiling apparatus was modified using
fiberglass reinforced pyrex glass
components in order to withstand the
higher pressures expected with HCFC-
124. While these modifications were
being made, significant time was
spent in investigating the boiling
and condensing characteristics of
enhanced tubes that might be used in
future naval refrigeration systems.
These tests were completed using CFC-
113 and CFC-114 in order to provide a
reference data base for comparison
with the new data to be obtained with
HCFC-124.

PUBLICATIONS: Marto, P.J. and
Anderson, C.L., '"Nucleate Boiling
Characteristics of R-113 in a Small

Tube Bundle, " Journal of Heat
Transfer, Vol. 114, pp. 425-433, May
1992.
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Memory, S.B. and Marto, P.J., '"The
Influence of 0il on Boiling
Hysteresis of R-114 from Enhanced

Surfaces," Pool and External Flow
Boiling, V.K. Dhir and A.E. Bergles
(Eds), ASME, New York, pp. 63-71,
1992.

Memory, S.B., Chilman, S.V. and
Marto, P.J., “Nucleate Boiling

Characteristics of a Small Enhanced
Tube Bundle in a Pool of R-113, Two-

Phase Flow and Heat Transfer, J.H.
Kim, R.A. Nelson and A. Hashemi
(Eds), ASME HTD-Vol. 197, New York,
pp. 129-138, 1992.

Memory, S.B., Mazzone, R.W. and
Marto, P.J., "Enhanced Film

Condensation of R-113 using Wire-Wrap
on a Horizontal Roped Tube Bundle,"
Heat Transfer, Vol. 1, Institution of
Chemical Engineers, Symposium Series
No. 129 Warwickshire, U.K., pp. 249-
262, 1992.

THESIS DIRECTED: Haas, R.E.,
"Nucleate Pool Boiling of R-114/0il
Mixtures in a Small Enhanced Tube
Bundle, Master’s Thesis, June 1992.

Lake, L.R., "The Influence of a Lower
Heated Tube on Nucleate Pool Boiling

from a Horizontal Tube, Master’s
Thesis, June 1992.
Guido, J.D., “"Experimental

Development of Tubeside Heat Trar- ‘er
Correlations for Laminar Flow with
and without Inserts, Master’s Thesis,
September 1992.
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cNell

Department of Mechanical Engineering

Sponsor:
Funding:

OBJECTIVE: The goal of this program
is to study the role of grain
boundaries in fine-grained,
superplastic aluminum alloys and the
development of such grain boundaries
during thermomechanical processing of

these materials.

SUMMARY : This work has focused on
the identification of the mechanisms
of recrystallization during
thermomechanical processing of fine-
grained aluminum alloys and the types
of grain boundaries that form during
processing. This work has also
addressed the associated mechanisms
of superplastic deformation of fully
processed materials. It has been
shown that particle-stimulated
nucleation (PSN) of recrystallization
occurs during the latter stages of
processing for appropriate processing
conditions applied to an A1-10Mg-
0.12r alloy. The alloy composition
and process parameters dictate the
critical particle size for PSN and
larger particles are necessary in a
commercial 2519 alloy.

PUBLICATIONS: Crooks, R., Kalu, P.N.
and McNelley, T.R., '"Comments on ‘A
Model for Subgrain Superplasticity’",
Scripta Metallurgica et Materialia,
Vol. 26, pp. 145-149 (1992).

McNelley, T.R., Crooks, Kalu,
P.N., and Rogers, S.A.,
"Precipitation and Recrystallization
During Processing of a Superplastic
A1-10Mg-0.12r Alloy," Materials
Science and Engineering, accepted for
publication (1992).

R.,

CONFERENCE PRESENTATIONS: McNelley,
T. R. and Kalu, P.N., “"The Influence
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Proposed to the Office of Naval Research
Naval Postgraduate School

of Processing Strain on hte Low-
Temperature Superplastic Response of
an A1-10Mg-0.12r Alloy," 1in the
General Abstract Session on Effects
of Deformation on Microstructure,
121st. Annual Meeting of TMS, San
Diego, CA, 1-5 March 1992.

Crooks, R., McNelley, T.R., and Kalu,
P.N., "Process Control for
Superplasticity in an Al1-Mg-Zr
Alloy," the International Conference
on Advanced Synthesis of Engineered
Structual Materials, San Francisco,
CA, 20 August - 2 September 1992.

McNelley, T.R., Crooks, Kalu,
P.N., and Rogers, S.a.,
"Precipitation and Recrystallization
During Processing of a Superplastic
Al1-Mg-2r Alloy," Grain Boundary and
Interface Phenomena in the High
Temperature Plasticity of Solids,
Berkeley, CA, 16 October 1992.

R.,

McNelley, T.R., Crooks, R., and Kalu,
P.N., "Low temperature Superplasti-
city and Microstructural Dynamics of
an Al-Mg Alloy," in Advances in
Superplasticity and Superplastic
Forming, Annual Fall Meeting of TMS
and ASM International, Chicago, IL, 2
November 1992.

THESIS DIRECTED: Lyle, P.C.,
"Correlation of processing,
Microstructure and Superplasticity in
an Al1-Mg-Zr Alloy," Master’s Thesis,
March 1992 (advised with P. N. Kalu).

Mathe, W.J., "Precipitate Coarsening
During Overaging of 2519 A1-Cu Alloy:
Application to Superplastic
Processing," Master’s Thesis, March




1992 (Co-~advised with P. N. Kalu).

Bohman, s.D., “Thermomechanical
Processing of Aluminum Alloy 2519 for
Grain Refinement and Superplasti-
city," Master’s Thesis, June 1992
{Co-advised)with P. N. Kalu).

Buckley, J.F., “The Deformation
Characteristics and Microstructural
Dynamics of an A1-10Mg-0.1Zr Alloy,”
Master’s Thesis, June 1992.

Rogers, S.A., "The Role of Particles
in Recrystallization of a
Thermomechanically Processed Al-Mg
Alloy," Master’s Thesis, September
1992 (Co-advised with R. Crooks).

Dunlap, J.R., “Study of Grain
Refinement in A1 Alloy 2519 Using
Backscatter Orientation-Contrast Mode
in the Scanning Electron Microscope, "
Master’s Thesis, December 1992 (Co-
advised with R. Crooks).

T.R. McNelley, Professor
Department of Mechanical Engineering
Proposed to Duralcan-USA, San Diego, CA
(As a CRDA Program)
Naval Postgraduate School

Sponsor:
Funding:
OBJECTIVE: The goal of this program

is to obtain improved combinations of
strength, ductility and toughness in

Al-based metal -matrix composite
materials by thermomechanical
processing.

SUMMARY: Discontinuously r<inforced

metal~matrix composite materials have
many attractive properties but lack
adequate ductility and toughness for
many engineering and military
applications. Significant ductility
enhancement has been attained in
extruded 6061 A1-Al,0; processed
using methods developed to improve

the distribution of the Al,04
particles. These processing
procedures also achieve a fully

recrystallized grain structure if the
particles become sites for particle-
stimulated nucleation. Improved
combinations of strength and
ductility were obtained with use of
controlled heat treatments on
processed material.

PUBLICATIONS: McNelley, T.R. and
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Kalu, P.N., "Elevated Temperature
Defor-mation and Fracture
Characteristics of a

Thermomechanically Processed 6061 Al-
Al,0, Composite," Scripta
Metallurgica et Materialia, Vol. 26,
pp.- 1309-1324 (1992).

McNelley, T.R. and Kalu, P.N.,
"Thermomechanical Processing and
Ductility Enhancement of a 60661 al-
A1203 Metal Matrix Composite,” in
Advanced Synthesis of Engineered
Structural Materials, Proceedings of
the International Conference, J. J.
Moore (ed.), ASM International,
Materials Park, OH, in press (1992).

CONFERENCE PRESENTATIONS: Kalu, P.N.
and McNelley, T.R., "The Effect of
Thermomechanical Processing on the
Elevated Temperature Properties of
6061 A1-A1,0; Composites,” in the
General Abstract Session on
composites, 121st. Annual Meeting of
TMS, San Diego, CA, 1 - 5 March 1992.

McNelley, T.R. and Kalu, P.N.,




“Thermomechanical processing and
Ductility Enhancement of a 6061 A1-
A,0; Metal Matrix Composite,” the
International Conference on Advanced
Synthesis of Engineered Structural

Materials, San Francisco, CA, 30
August - 2 September 1992.
McNelley, T.R., ‘'Thermomechanical

Processing and Ductility Enhancement
of Duralcan composites,'" Seminar,
Duralcan-USA, Inc., 30 July 1992.

THESIS DIRECTED: Eastwood, D.F.,
“The Effect of Thermomechanical
Processing Parameters on the Ambient
Behavior of 10 Volume Percent 6061 Al

FlllllIlIllllllllIllIlllIlllIIllllIlIllIllIIIIIlIllllllllllIIIIIIIIIIIII-----:

- Alumina Matrix Composite Material,”
Master’s Thesis, March 1992 (Co-
advised with P. N. Kalu).

Schauder, T.J., ‘“The
Thermomechanical Processing
Parameters on Elevated-Temperature
Behavior of a 6061 A1 - Al,0, Metal
Matrix Composite," Master’s Thesis,
March 1992 (Co-advised with P. N.
Kalu) .

Effects of

Manfredi, M.S., "Computer Simulation
of Random and Non-Random Second -
Phase Particle Distributions For Both
Constant and Varying Particle Size,"
Master’s Thesis, September 1992.

H

K. Millsaps, Assistant Professor
Department of Mechanical Engineering
Naval Postgraduate School

Sponsor and Funding:

OBJECYIIVE: To improve the
aerodynamic and rotodynamic
characteristics of sealing devices
(labyrinth, annular, brush, etc.) for
use in gas turbine and steam turbine
power plants.

= ATED R

SUMMARY: Preliminary analytical work
suggests that non-uniform seal
clearances may be responsible for
synchronous vibration problems in gas
turbine rotors.

1P R

R. Mukherjee, Professor
Department of Mechanical Engineering

Sponsor and Funding:

OBJECTIVE: The objectives of this
research is to (a) investigate the
kinematic and dynamic behavior of
under-actuated dynamical systems, of
robot manipulators in particular, in
the presence of second order
nonholonomic constraints of motion,
and (b) establish motion planning and
control schemes for the under-
actuated system. This is a
continuing project.
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SUMMARY: The results of the research
indicate that second-order
nonholonomic constraints are
difficult to deal with. The better
way of dealing with under-actuated
systems is therefore to either under-
actuate a cyclic coordinate of the

system or impose artificial
constraints that generate cyclic-like
coordinates. The net effect is the




partial integrability of the second
order constraints into first order
differential constraints. Then the
control of the system becomes much
simpler to design.

CONFERENCE PRESENTATION: Mukherjee,
R. and Chen, D., "Stabilization of

Free-Flying Under-Actuated Mechanisms
in Space, " American Control
Conference, 1992.

THESIS DIRECTED: Costain, R., LT,
USA, "Motion Planning of a Three Link
Under-Actuated Planar Manipulator,”
Master’s Thesis, September 1992.

OBJECTIVE: The main objective of
this research was to develop models
to delineate the damping mechanisms
in certain so-called "quiet metals."
The ultimate aim was to develop, on
the microscopic and sub-microscopic
level, a unified mechanistic model
for the damping behavior of high
damping alloys. Since result to date
indicate that damping in these alloys
is always linked to phase

transformations (which may be
magnetic transitions, lattice-
displacive transformations, or

diffusional transformations), and
more particularly to boundaries which
result from such transformations, a
major objective was to define the
microstructural features which play a
role in the damping mechanisms.

SUMMARY : In general, high damping
mechanisms in quiet metal alloys are
associated with the internal friction
created near various types of
boundaries. However, different
alloys have different types of
boundaries, and there are different
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Professor
Department of Mechanical Engineering
Sponsor and Funding: Naval Postgraduate School

atomistic mechanisms of damping, and
therefore different controlling and
operational parameters. For example,
the domain boundaries in
ferromagnetic alloys are quite
different from the intervariant
boundaries in martensitic alloys. On
the other hand, the intervariant
boundaries are quite similar in form
and character to the inter-domain
twin boundaries which separate the
antiferromagnetic domains in quenched
homogenous FCT Cu-Mn-based alloys.
Aged Cu-Mn alloys, however, present a
completely different microstructural
form, in which it has only recently
been recognized that the "boundaries"
are effectively very broad, with a
gradual transition of structure.
This latter case, in contrast to the
distinct nature of martensitic
intervariant boundaries, suggests a
"boundaryless' mechanism, or at least
a broad gradient of structure with
which the internal friction mechanism
operates. This is a primary area in
which further investigation is
required.
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T. Sarpkaya, Distinguish
Department of Mechanical Engineering

Sponsor and Funding:

OBJECTIVE: Computational and
experimental fluid dynamics research

towards the wunderstanding of the
effect of unsteadiness on the
characteristics of the resulting

time-dependent flow.

SUMMARY : A two-step, three level,
finite-difference, predictor-
corrector scheme (based on the

second-order Adams-Bashforth method)
and a Fast Poisson Solver based on
FFT methods are used to carry out the
numerical experiments. A von Neumann
linear stability analysis was
performed and the mesh sizes and time
steps were <chosen to provide a
conditionally stable solution. The
physical experiments were carried out
in a U-shaped oscillating-flow tunnel
for various Reynolds and Keulegan-
Carpenter numbers. The results were
found to be in reasonable agreement
with those obtained experimentally.
The methodology is being extended to
Gaussian oscillations of the flow
about a cylinder to simulate the
ocean environment.

PUBLICATIONS: Sarpkaya, T. and
Butterworth, W., "Separation Points
on a Cylinder in Oscillating Flow,"
Journal of Offshore Mechanics and
Arctic Engineering, Trans. ASME, Vol.
114, pp. 28-36, February 1992.

Sarpkaya, T., "Brief Reviews of Some
Time-Dependent Flows,'" Journal of
Fluids Engineering, Trans. ASME Vol.

114, No. 3, pp. 283-298.
Sarpkaya, T., '"Recent Progress in
Basic Numerical and Physical

Experiments on Oscillating Flow About
cylinders," Viscous Fluid dynamics in
Ship and Ocean Technology, Vol. 1,
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National Science foundation

pp. 375-404, March 1992, Osaka

University press, Osaka, Japan.

Sarpkaya, T., Putzig, C., Gordon, D.,

Wang, X., and Dalton, C., 'Vortex
Trajectories Around a Circular
Cylinder in Oscillatory Plus Mean

Flow," Journal of Offshore Mechanics
and Arctic Engineering, Trans, ASME,

vol. 114, No. 4, pp. 291-298.

CONFERENCE PRESENTATIONS: Sarpkava,
T., Putzig, C., and Gordon, D.,
“"Numerical Analysis of Wave and

Current Induced Flow About a Circular

Cylinder," Proceedings of the Off
shore Technology Conference, Vol. 1,
pp. 456-463, Houston, TX, 4-7 May
1992.

Sarpkaya, T., "Offshore Hydrodynamics
- Research Trends and Opportunities,"
Proceedings of the International
Conference on Offshore Mechanics and
Arctic Engineering, Vol. 1, pp. 78-
89, Calgary, Canada, 7-11 June 1992.

Sarpkaya, T. and Putzig, C., "Vortex
Trajectories Around a Circular
Cylinder in Oscillatory Plus Mean
Flow," proceedings of the
International Conference on Offshore
Mechanics and Arctic Engineering,
Vol. 1, pp. 69-77, Calgary, Canada,
7-11 June 1992.

Sarpkaya, T., "Forty Years of Fluid
Loading - The Past and Beyond,"
invited leading lecture presented at
the International Conference on the

Behavior of Offshore Structures,
Imperial college, London, 7-10 June
1992.

THESIS DIRECTED: Lotshaw, John E.,




e
LT, USN, "Numerical Analysis of Navover, Kenneth C., LT, USN,
Oscillating Flow about a Circular “Numerical Analysis of Transitory
Cylinder," Master’s Thesis, June Oscillating Flow About a Cylinder,"
1992, Master’s Thesis, September 1992.
I I A A ACE
T. Sarpkaya, Distinguished Professor
Department of Mechanical Engineering
Sponsors and Funding: Chief of Naval Research (ONR) and
the Naval Postgraduate School
OBJECTIVE: Basic research towards disturbances, the energy spectra, the

the understanding of the fundamental
mechanisms and physical processes
underlying two-and three-dimensional
vortex/free-surface interactions in
homogeneous, stratified, and sheared
media, taking into account ambient
turbulence, viscous effects, and
various large-scale instabilities
(sinusoidal instability and vortex
breakdown) for ship and submarine
related hydrodynamics in a real ocean
environment.

SUMMARY : Numerous physical
experiments have been carried out in
a large towing tank with wvarious
lifting surfaces and submerged bodies
in homogeneous and density-stratified
medium. Second, experiments with
single and multiple vortices have
been conducted in a large water basin
using both stratified and homogeneous
medium. Third, experiments have been
performed in a recirculating water
tunnel with a single turbulent
vortex. The velocity and turbulence
measurements were made with an LDV
system. The characteristics of the
resulting surface scars have been
evaluated in terms of the governing
parameters through the use of a
Motion Analysis System and a Sun
computer. Extensive numerical
analysis has been performed and a
computer code has been developed to
predict numerically the
characteristics of the surface
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.sheets of - finite length,

distribution of the turbulent kinetic
energy, and the fractual dimension.

The evidence presented herein shows
that numerous tentacle-like vortex
resulting
from helical instabilities, stretch
out or are thrown away from the outer
edges of the vortex core. The vortex

peels off randomly and sheds
vorticity along its length. The core
of a turbulent vortex is not a

benign, smooth, exchange of momentum
between the outer regions and the
core leads to the various velocity
components. Experiments have also

shown that near the free surface
turbulence becones quasi~two-
dimensional. The metamorphic of the
isotropic turbulence to a two-
dimensional anisotropic state is
currently under investigation and

holds the key to the understanding of
the SA images.

PUBLICATIONS: Sarpkaya, T.,
"Interaction of a Turbulent Vortex
with a Free Surface," proceedings of
the Nineteenth Symposium on Naval
Hydrodynamics, Vol. 1, pp. 163-174,
National Academy Press.

Sarpkaya T. and Lundblat, W., "Three-
Dimensional Interactions of Vortices
with a Free Surface," AIAA Paper
No.92-0739, presented at the 30th
Aerospace Sciences Meeting of AIAA in
Reno, NV, 6-10 January 1992.




THESIS DIRECTED: Neubert, D.E., Jr.,

Interaction, “"Master’s

December 1992.

Surface
Thesis,

LT, USN, "Trailing Vortex/Free-
Y.S. Shin,
Y.W. Kwon,
Sponsors and Funding:
OBJECTIVE: To advance our
understanding on shock induced
dynamic behavior and failure
mechanism of composite and metal
structures through the analytical

studies and the underwater explosion
testings.

SUMMARY: The significant progress in
this research was made in
understanding the failure process and
physics of submarine hull collapse
when subjected to underwater
explosions (UNDEX) . The
comparatively recent introduction of
“double hull" submarines, with a
significant volume of water between a
thick inner hull and a thinner outer
hull, has raised questions regarding

the survivability of these
submarines. Of particular interest
here is the ability of weapons

currently in the U.S. arsenal to
effectively disable or sink this type
of submarine. The ability to predict
the response of double hull
cylindrical models with fluid located
between the inner and outer hulls,
subjected to side-on underwater shock
loading, was fully investigated. A
finite element hydrocode was used to
numerically predict model responses,
and these predicted responses were
compared with experimentally measured

responses. Both elastic and
inelastic cases were examined. The
numerically predicted and
experimentally measured elastic
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Assistant Professor

Department of Mechanical Engineering

Defense Nuclear Agency and the
Naval Postgraduate School

response were in relatively close
agreement. For the inelastic cases,
the accuracy of the numerical strain
predictions was found to be very
sensitive to the material property

values used, and initial
imperfections in the physical model
had to be incorporated into the

numerical model in order to trigger
the type of dynamic buckling seen in
some of the experimental tests. The
types of materials include strain-
rate insensitive aluminum, strain-
rate sensitive steel alloy such as
HY-80 and HY100, and S-2 glass fiber
composites.
PUBLICATIONS: Nelson, K., Shin, Y.,
and Kwon, Y., "Failure of Aluminum
Cylinder from Underwater Shock
Bffects," Proceedings of 63rd Shock
and Vibration Symposium, Vol. I, pp.
83-95, Las Cruces, NM, 27-29 October
1992.

Chisum, J., and Y. Shin, 'Damage
Response Predictions of Double Hull
Cylinders To Underwater Explosions:
Initial Imperfection Effects,"
Classified Proceedings of 63rd Shock
and Vibration Symposium, Las Cruces,
NM, 27-29 October 1992.

Bergersen, J., Kwon, Y., and Shin,
Y., "Effect of Surface Coating on
Cylinders Exposed To, Underwater
Shock," Proceedings of 63rd Shock

and Vibration Symposium, Vol. I, pp.
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96-~105, Las Cruces, NM, 27-29 October
1992.

THESIS DIRECTED: Chisum, J.E., LT,
USN, "Response Predictions for Double
Hull Cylinders Subjected to
Underwater Shock Loading," Engineer’s
Degree, June 1992. (Advisor: Y.S.
Shin)

CDR, USN,

Nelson, Kurt W., “Dynamic

Dynamic Response of Cylindrical
Shells Subjected To Underwater Side-
on Explosion,” Engineer’s Degree,
March 1992. (Advisor: Y.S. Shin)

LCDR, USN, "Effect
Cylinders
Shock, "

1992.

Bergersen, J.K.,
of Surface Coating on
Subjected To Underwater
Master’s Thesis, September
(Advisor: Y.S. Shin)

Response and Failure Analysis of OTHER: Y.S. Shin gave an invited
Aluminum Cylinders Subjected to lecture on Underwater Explosions and
Underwater Explosion," Master’s Their Responses to Structures at the
Thesis, June 1992. (Advisor: Y.S. 63rd shock and Vibration Symposium,
Shin) Las Cruces, NM, 26 October 1992.
Fox, P.K., LCDR, USN, "Nonlinear
MACHINERY NOISE, VIBRATIQON AND DIAGNOSTICS:
ANALYST DEST TESTING
Y.S. Shin, Professor

Department of Mechanical Engineering

Sponsor and Funding:

OBJECTIVE: To develop condition
monitoring and diagnostics methods
for transient machinery such as
turbine-driven torpedo ejection pump
system.

SUMMARY: The significant progress in
this research was made in: (a)
Characterizing the time-frequency
dependent signatures of transient
machinery such as turbine-driven
torpedo ejection pump (TEP) system of
Trident class submarine, and (b}
Developing successful diagnostics
methods for detection of faults in
machine operation, and predicting
machinery failure using
backpropagation neural net approach.
The sensitivity analysis of Pseudo
Wigner-Ville Distribution (PWVD) was
fully investigated, and computer
program has been released as version
4.0 and extensive studies were
performed to process the time-
dependent transient signatures to
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generate PWVD function for turbine-
driven torpedo ejection pump
signatures. As we are developing the
monitoring scheme to characterize the
TEP signatures, we are also
developing the diagnostics method
using Artificial Neural Network (ANN)
which is based on massively parallel
distributed processing system
consisting of a series of
interconnected individual processing
elements which process information in
a manner similar to neurons in
biological system. Among the many
different paradigms in ANN, the back-
propagation methods was configured to
provide machinery diagnostics for
simple mechanical system to evaluate
the detectability of mechanical
component failure. The results were
quite promising to apply to TEP
condition monitoring and diagnostics
which will eventually eliminate
expensive periodic maintenance.




THESIS DIRECTED: Spooner, Scott G.,
LT, USN, "An Energy Analysis of the
Pseudo Wigner-ville Distribution in

Y.S. Shin,

Support of Machinery Monitoring and
Diagnostics," Master’s Thesis, June
1992.
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Department of Mechanical Engineering
Naval Sea Systems Command

Sponsor and Funding:

OBJECTIVE: To develop and design
"tuned" mounting fixture to simulate
the ship shock environment for combat
system’s equipment using U.S. Navy’s
Mediumweight Shock Machine.

SUMMARY: Shipboard combat system’s
equipments must be designed to
withstand severe shock excitations
induced by wunderwater explosion,
either conventional or nuclear. The
equipment tends to vibrate at its
fundamental natural frequency or a
low range of natural frequencies,
when excited by the shock wave. The
maximum amplitude of the vibration
usually occurs after the shock wave
passes the ship. The shock response
wave form is remarkably different at
various levels within the ship. 1In
essence, the ship acts as a low pass
mechanical filter which alters the
characteristics of the propagating
shock wave from one possessing high
frequency component to one that
contains relatively 1low frequency
components. Thus, the shock
qualification for combat systems
equipments, which are usually located
in upper levels of the ship, is a
vibration problem in which relatively
low frequency equipment support
foundation excitations are observed.
The U.S. Navy’s shock qualification
requirements are mandated in MIL-S-

901D. Of particular interest is the
U.s. Navy’s Mediumweight Shock
Machine (MWSM) used for shock

qualification of equipment ranging
from 230 to 6000 lbs. This hammer-
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anvil device delivers high energy,
high frequency shock excitation to
items affixed to it. This type of
high frequency excitation waveform is

significantly different from the
actual waveforms that have been
observed at various equipment

locations during ship shock trials.
The differences can be reduced by
substituting a specially designed
"tuned" test mounting fixture for the
default mounting fixtures currently
used to affix test items to the MWSM.
A tuned mounting fixture, designed to
respond at specific natural
frequencies when excited by the MWSM,
will provide a better simulation of
the actual shock phenomena
experienced by shipboard equipment.
We examined the differences in shock
spectra between the pre-shock trial
analysis of combat system’s equipment

for DDG-51 Class Ship and those
produced by Mediumweight Shock
Machine as required by MIL-S-901D.
The use of a designed 'tuned"

mounting fixture will afford a better
representation of the actual shock
phenomena experienced by surface
shipboard combat systems equipments
when they are qualified on the U.S.
Navy Mediumweight Shock Machine.

THESIS DIRECTED: Corbell, R., Shin,
Y., and McLean. M., "Shock
Qualification of Combat Systems
Equipment Using Tuned Mounting
Fixtures on the u.s. Navy
Mediumweight Shock Machine,'" Master’s
Thesis, June 1992.




PUBLICATION: Corbell, R., Shin, Y.,
and McLean, M., "Shock Qualification

Proceedings of the 63rd Shock and

Vibration Symposium, Vol. I, pp. 278-
of Combat Systems Equipment Using 290, Las Cruces, NM, 27-29 October
Turned Mounting Fixtures on the U.S. 1992.

Navy Mediumweight Shcok Machine."
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The research program in the Department of Meteorology directly supports the
Department’s mission of providing a high quality, Navy-relevant graduate
education to its officer students. Department faculty conduct basic and applied
research in all subdisciplines include synoptic and mesoscale dynamics, numerical
modeling and prediction, environmental analysis and visualization, satellite and
ground-based remote sensing, jin-situ observational systems, boundary layer
meteorology and air-sea interaction. Geographical areas of study include the
global atmosphere as well as tropical, polar and coastal regions. A brief
summary follows.

CYCLOGENESIS

Considerable research has been carried out on the operationally important
and scientifically challenging problem of rapid cyclogenesis over the ocean.
Both observational studies and numerical todel diagnostic studies have been
conducted by Meteorology faculty including R. Elsberry, P. Hirschberg, T. Holt,
W. Nuss, P. Pauley and C. Wash. The studies made use of special data sets
collected during the international GALE and ERICA field programs in the western
North Atlantic, and a variety of atmospheric mesoscale models including those of
the Navy (NRL and NORAPS) National Center for Atmospheric Research (NCAR) /Penn
State and the National Meteorological Center (NMC). The studies address the role
of physical processes such as surface (ocean) heat exchange, latent heat release,
low-level baroclinity, upper-level forcing, and several practical issues
including predictability, observational requirements (including satellite remote
sensing) and model forecast skill. Additional studies are in progress or planned
for the near future because of the quality of these data sets, the potential for
improving numerical forecast models, and the importance of oceanic cyclogenesis
to the operational Navy.

TROPICAL METEOROLOGY

Another important area of research in the Department is the broad subject
of tropical meteorology. A number of faculty are involved, including L. Carr,
C.P. Chang, J.M. Chen, G. Dunnavan, R. Elsberry, P. Harr, T. Murphree, M. Peng,
F. Williams and R. Williams. Theoretical and data analysis studies are being
carried out on the dynamics of tropical synoptic and planetary scale motions,
tropical and equatorial oceans, and diagnostic analyses of oceanic tropical
weather systems using the Navy’s global model. One comprehensive research
project is investigating the structure and mechanisms of weather disturbances in
the tropical and subtropical coastal regions, particularly those regions under
the Asian-African monsoon influences, including the Philippine Sea, South China
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Sea, Bay of Bengal and Arabian Sea. Another large multi-year basic research
program, involving field observations and theoretical and modeling studies, to
understand the dynar ics of tropical cyclone motion is continuing with a new focus
on cyclone structure changes. Other efforts are directed at transitioning the
new knowledge of tropical cyclone motion into Fleet operations.

COASTAL METEOROLOGY

Coastal meteorology in midlatitudes, another increasingly important
research area for the Navy of the future, is also an area of active research in
the Department. Observational and modeling/analysis studies in the coastal
region are being conducted by K. Davidson, T. Holt, W. Nuss and C. Wash. Ongcing
research includes the observation, analysis (data assimilation) and visualization
of the sea/land breeze phenomenon, and modeling studies of the dynamics and
predictability of mesoscale features forced by coastal topography. The
Department’s research in this area is expected to increase during the next few
years because of the growing importance of coastal meteorology in our curricula
and in the operational Navy.

NUMERICAL, MODELING

Many of the studies on rapid cyclogenesis, tropical meteorology, and
coastal meteorology noted above use numerical modeling as a tool in their
investigations. Other on-going modeling efforts in the Department include the
development and testing of numerical procedures (finite element and semi-
Lagrangian) for improved mesoscale forecasts in global and regional weather
prediction models by R. Williams and M. Peng, the development of improved methods
of objective analysis of meteorological data by W. Nuss and P. Pauley, and data
assimilation studies of the dynamics and prediction of mesoscale variability in
the coastal ocean off Central California by R. Haney.

BOUNDARY LAYER STUDIES

A variety of atmospheric boundary layer studies are in progress, in
addition to those related to oceanic cyclogenesis and the sea breeze phenomenon
noted above. Collaborative field experiments by K. Davidson, P. Guest and C.
Wash have involved meteorological measurements from ships, towers, aircraft and
buoys. Analyses are being performed on boundary layer data collected in the
Arctic, off the coast of the Netherlands, near a sea-surface temperature front
in the western North Atlantic, off the California coast, and off the Florida
Keys. The research is aimed at improving atmospheric boundary layer models and
measurement systems, and at developing and testing models for the distribution
of marine aerosols. The studies are also designed to improve our understanding
of optical turbulence, Atmospheric refraction, and air-sea fluxes of heat and
momentum at the sea surface.
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ATMOSPHERIC REMOTE SENSING

The Department has an active research program in atmospheric remote
sensing, which is a subject of importance to the interdisciplinary space
curricula as well as to air-ocean sciences. Examples of present efforts in tle
Department include global studies of stratospheric aerosols, investigations of
the interaction between aerosols, cloud-brightness and radiative effects, the
development of methods to estimate optical extinction in the marine boundary
layer due to atmospheric aerosols, and classified research of strategic
importance by P. Durkee. Additional remote sensing research in the Department
includes developing methods to distinguish between clouds, precipitation and snow
using multi-channel satellite data by C. Wash, and field measurements to identify
and verify mechanisms responsible for scaterometer and synthetic aperture radar
(SAR) images of the ocean surface by K. Davidson.
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TROPICAL AND MONSOON STUDIES

C.-P. Chang, Professor

R.T. Williams,

Professor

Deaprtment of Meteorology
Sponsor and Funding: National Science Foundation

OBJECTIVE: The purpose of this
project is to study the structure and
behavior, including the dynamical and
thermodynamic mechanisms, of large-
and cyclone-scale atmosphere motion
systems in the tropics and subtropic,
particularly those in the western
Pacific and its vicinity.

SUMMARY : A Multiple-set Canonical
Correlation Analysis (MCCA) is
developed to diagnose the sequential

structure of several types of
tropical disturbances, both
stationary and propagating. The MCCA

resolves the previous difficulties of
the traditional super-matrix method
and applies physical considerations
in the configuration of the various

data fields. In the mean time, it
guarantees orthogonality for each
individual field and maximum
correlations between them. The data

used are the analyzed fields of the
Naval Operational Global Atmospheric
Prediction  System (NOGAPS) for
May-September 1989-1991, and the
Tropical Global Baiid Analysis for the
winters of 1974-1988. Preliminary
application of the technique on the
850 hPa v at different stages
revealed the coherent structure of
the winter monsoonal cold surges over
the South China Sea, and the summer
synoptic waves over the tropical
western Pacific. Other fields in the
NOGAPS data are being analyzed to
study the dynamics and thermodynamics
of these disturbances.

We are planning to use the technique
to study global- and meso-scale
climate dynamics. Preparation is
under way to analyze high resolution
geostationary satellite data over the
Asia-Pacific region for 1978-1992,
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and long-term general circulation
model outputs produced by
low-resolution NOGAPS and GFDL

models. The passage of a front over a
long symmetric ridge was studied with
a two- dimensional numerical model.
The basic current was stratified with
no vertical shear. Frontogenesis was
forced by a horizontal deformation
field that moved with the basic flow.
The fronts weakened as they moved up
the slope, and they strengthened as
they moved down the lee slope. These
results were extended to an
asymmetric mountain. The effect of
topography on fronts in a
three-dimensional baroclinic model
was determined for five finite
mountain ranges with various
orientations and shapes. The fronts
were strongly distorted by the
mountains, but they returned to their
original shape after leaving the
mountain region. Another study
examined the three-dimensional flow
of a stratified barotropic current
over isolated topography. A variety
of flows were obtained which depended
on the scale and Froude number of the
flow.

PUBLICATIONS: Chang, C.-P. and J.M.
Chen, "A Statistical Study of Winter
Monsoon Cold Surges over the South

China Sea and the Large-Scale
Equatorial Divergence" Journal of
Meteorological Society of Japan,
70-1, 287-302, 1992.

Chang, C.-P., J.M. Chen and L.C.
Quah, "Synoptic Scale Propagating

Disturbances in the Tropical Western
Pacific during the Northern Summer
Monsoon of 1989-1991," Proceedings
International Symposium on Asian




Monsoon, 55-56, 1992.

Williams, R. T., M. S. Peng and D. A.
Zankowski, "Effect of Topography on
Fronts," Journal of the Atmospheric

Sclences, 49, 287-305, 1992.

Chang, C.-P., T.-C. Yeh and J.-M.
Chen, "Effects of Terrain on the
Surface Structure of Typhoons over
Taiwan,* Monthly Weather Review,
Accepted for publication, December
1992.

Chen, J.-M. and C.-P. Chang,
"Multiple-set Canonical Correlation
Analysis of Winter Monsoon Cold
Surges over the South China Sea",
East Asia and Western |Pacific
Meteorology and Climate II, Accepted
for publication, December 1992.

CONFERENCE PRESENTATION:

Chang, C.-P., and J.-M. Chen, "Winter
Monsoon Cold Surges and the
Equatorial Divergence over the South
China Sea," Second International
Conference on East Asia and Western
Pacific Meteorology and Climate, Hong

Kong, 11-14 September 1992.
Chang, C.-P., J.~-M. Chen and L.-C.
Quah, "“Synoptic Scale Propagating

Disturbances in the Tropical Western
Pacific during the Northern Summer

AIR SFA T

TON AND REM
K. L. Davidson,

Monsoon of 1989-1991," International
Symposium on Asian Monsoon, Tsukuba,
Japan, 21-25 September 1992.

Peng, M. S. and R. T. Williams,
"Effects of Mountain Asymmetry on a
Passing Front," Fifth Conference on
Mesoscale Processes, Atlanta, GA, 5-
10 January 1992.

Peng, M. S., S.-W. Li, S. W. Chang
and R. T. Williams, '"Flows over
Mountains: Coriolis Force, Transient
Trough and Three Dimensionality,"
Second International Conference on
East Asia and Western Pacific
Meteorology and Climate, Hong Kong,
11-14 September 1992.

Li, S.-W., M. S. Peng and R. T.
Williams, "Three-dimensional Studies
of the Effects of Topography on
Fronts," Sixth Conference on

Mountain Meteorology, Portland, OR,
29 September - 2 October 1992.

THESIS DIRECTED: Yeh, T.-C.,
"Effects of Taiwan Orography on the
Motion and Structure of Fronts",
Ph.D., December 1992.

Li, S.-W., "A Three-Dimensional Study
of the Influence of Mountains on a
Front," Doctoral Dissertation,
December 1992.

ENSIN
Professor

P. A. Fredrickson, Physical Scientist
T. Neta, Computer Analyst
Department of Meteorology

Sponsor:

Office of Naval Research (1121RS)

Funding: Naval Postgraduate School

OBJECTIVES: The objective of this
research is to continue our studies
into data analysis and interpretation
studies to investigate the
relationships between near surface
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wind and wind stress and between wind
stress and radar backscatter for both
equilibrium and non-equilibrium wind
and sea conditions.




SUMMARY: The wind and surface data
under study were obtained in the
Frontal Air Sea Interaction
Experiment (FASINEX), in the Humidity
Exchange Main Experiment (HEXMAX),
and in the Norwegian Continental

Shelf Experiment (NORCSEX). FASINEX
results show that a SST front
enhancement of the Ku-band
backscatter is supported by

variations of the surface wind stress
(Weissman et al., forthcoming). They
also have provided coupled data for a
new Ku-band model furctions that
clearly distinguishes between the
friction velocity and the neutral
wind speed. HEXMAX results show that
a drag coefficient can be established
for shallow water regimes (Davidson
et al., 1992) but that wave stage as
well as wind speed has to be
included as a defining parameter

(Smith et al., 1992). NORCSEX
shipboard wind stress results that
good correlation occurs between wind
stress and radar backscatter changes
(Davidson, et al, forthcoming).

PUBLICATIONS: Davidson, K.L., P.J.
Boyle, and P. S. Guest, "Atmospheric
Boundary Layer Properties Affecting
Wind Forecasting in Gulf and Coastal

Regions," Journal of Applied
Meteorology, 31, 983-994, August
1992.

Smith, S.D., R. Anderson, W. A. Oost,

C. Kraan, N. Maat, J. DeCosmo, K. B.
Katsaros, K. L.. Davidson, K. Bumke,
L. Hasse, and H. M. Chadwick , "Wind

Stress and Drag Coefficients during
HEXMAX," Journal of Geophysical
Research, 60, 109-142, 1992.

FORMULATION AND VERIFICATION OF A
MARINE VERTTCAL AEROSQOIL, MODEL, (NOVAM)

K. L. Davidson,

Professor

M. Rouault, NRC Postdoctoral Associate
F. K. Jones, Physical Scientist
T. Neta, Computer Analyst
Department of Meteorology

Sponsor:

Naval Command Control and Ocean Surveillance Center,

RDT&E Division (NRaD)
Funding: Naval Postgraduate School and Naval Research and
Development, Code 54

OBJECTIVE: Objectives of continuing
data analyses/ interpretation and
experimental preparation efforts were
to: a) formulate and evaluate
existing computer based models (NAM
and NOVAM) for estimation of profiles
of aerosol extinction from surface
based measurements, b) formulate
approaches and models to calculate
optical depth and the total
extinction coefficients using
operational satellite-borne sensors,
NOAA AVHRR, and c) design and prepare
for participation in experiments to
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characterize near-surface aerosol

distributions and profiles.

SUMMARY: Evaluation of NOVAM on the
basis of existing data was performed.
Surface layer aerosol data were
collected during May of 1992 in
conjunction with a evaluation of
shipboard applications of a
High-Resolution Interferometer
Sounder (HIS) in the marine boundary
layer. They were also collected in
conjunction with airborne aerosol and
ship thermal imaging data collection




in July-August 1992. In addition to
the aerosol data, meteorological data
required by NOVAM were also collected
in both cases. 1Investigation of
detection of aerosol properties from
satellite remote sensing was carried
out by Dr. Mathieu Rouault, an NPS
National Research Council (NRC)
post-doctoral associate, in
collaboration with Dr. P. Durkee of
NPS, Rouault and Durkee (1992).
Spectral windows that have been found
to be positively correlated with
aerosol optical depth are in the
red-visible , channel 1, (0.58-0.68
microns) and in the near infrared,
channel 2 (0.725-1.10 microns). The

ratio of measured radiance of these
two channels provides a Particle Size
Index which <could be used to
characterize the relative magnitude
of submicron particle concentrations.
An up-dated acquisition system was

developed for PMS-probe data
collection.

PUBLICATION: Rouault, M. and P. A.
Durkee, "Characterization of Aerosols
from Satellite Remote Sensing,"
Proceedings, 13th International
Conference on Nucleation and

Atmospheric Aerosols, 24-28 August
1992, salt Lake City, UT.

SURFACE WIND STRESS IN NORCSEX‘91

K. L. Davidson, Professor
P. A. Frederickson, Physical Scientist
F. K. Jones, Physical Scientist
Department of Meteorology

Sponsor:

Naval Research Laboratory-Stennis Space Center

Funding: Naval Postgraduate School and Naval Research Laboratory-
Stennis Space Center

OBJECTIVES: Objectives of in situ
data collection off the Norwegian
west coast during November 1991 are
to acquire a data set that can be
used to calibrate/ validate the use
of the ERS-1 SAR to detect winds and
atmospheric forcing of the ocean in
the data-scarce open-ocean region.

SUMMARY: NPS personnel and equipmentc
participated in the NORCSEX ERS-1 SAR
validation experiment with regard to
collection and initial analyses of
wind forcing. NPS performed
continuous measurements of the
atmospheric surface layer and regular
spaced measurements of the boundary
layer profile. This was performed in
collaboration with complementary
shipboard and satellite retrieval
studies by the Nansen Environmental
and Remote Sensing Center (NERSC) and
the Environmental Research Institute
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of Michigan (ERIM).
were performed in
meteorological
coincident with ship-based
scatterometer and oceanographic
measurements during ERS-1 flyovers as
well as near continuously from 7
through 29 November 1992, to reduce,
edit, summarize and report the data
collected in situ and regional
analyzed meteorological data. The
report is "NORCSEX’ 91 ERS-1
Validation Experiment Report" NERSC
Tech Report No. 53, July 1992, and to
prepare preliminary remote /
meteorological data with NERSC and
ERIM collaborators for postulation of
conceptual wind, wave, and frontal
algorithms.

Accomplishments
situ shipboard
measurements

PUBLICATIONS: Johannessen, J.A., K.L.
Davidson, R.A. Shuchman, "NORCSEX’91
ERS-1 Validation Experiment,




Experiment Report," Nansen K.L. Davidson, 0. Frette, D.
Environmental and Remote Sensing Digranes, O.M. Johannessen, "Coastal
Center Technical Report No. 53, 84. Ocean Studies with ERS-1 SAR During
NORCSEX‘'91," Proceedings, ERS-1
Johannessen, J.A., R.A. Shuchman, Symposium, November 1992.
R I I IZEX‘92

K. L. Davidson, Professor
F. K. Jones, Physical Scientist
Department of Meteorology
Sponsor and Funding: Naval Research Laboratory-Stennis Space

Center

OBJECTIVES: Objectives of in situ (SIZEX-IXI) 19%2. Damaged egquipment
data collection in the East Greenland resulting from the laboratory
and Barents Seas during January and flooding at the end of SIZEX-I was
February 1992 was to acquire a data repaired or replaced so that the
set that could be used to calibrate/ SIZEX-II meteorological objectives
validate the use of the ERS-1 SAR to were able to be achieved. During
detect winds and atmospheric forcing SIZEX-II, NPS USN officer students
of the Marginal Ice Zone (MIZ2) (LCDR A.R.Parsons and LT K. Wos) were
regions. onboard the ships to monitor sensors

and to operate data acquisition
SUMMARY: NPS personnel and equipment systems. The meteorology data
participated in the Seasonal Ice Zone collections were performed in
Experiment (SIZEX’92) which was an collaboration with complementary
ice region calibration/validation shipboard and satellite retrieval
campaign for the ERS-1 SAR. NPS studies by the Nansen Fnvironmental
meteorological measurement and data and Remote Sensing Cer’_er (NERSC) and
acquisition systems were installed on the Environmental Research Institute
one research vessel, R/V Haakon of Michigan (ERIM). Preliminary
Mosby, in January (SIZEX-I) and on editing of the meteorological data
two research vessels, R/V’s Haakon from all collection periods began in
Mosby and Polarsyssel, in February August of 1991.

EM/EQO MODEL CALIBRATION/VALIDATION

K. L. Davidson, Professor
T. Neta, Computer Analyst
Department of Meteorology
Sponsor and Funding: Naval Ccmmand Control and Ocean Surveillance
Center, RDT&E Division (NRaD)

OBJECTIVE: To perform analyses on estimation, b) Vertical profiles of

unique in situ data for evaluation of aerosol caused optical extinction,

models and approaches under and c¢) Thermal (IR) imaging of ships.

consideration in present and planned

EM/EO model development for SUMMARY: NPS performed analysis and

assessment of: a) Evaporation duct interpretation tasks on data
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collected in past marine atmospheric
boundary layer oxperiments. The
analyses/interpretations focused on
properties of the boundary layer and
"surface that influence propagation of
electromagnetic (radar) and
electro-optical (IR) ©propagation.
The tasks related to activities and
data collected in three experiments,

INGLE INT HIP

the a) Norwegian Continental Shelf
Experiment (5-28 November 1991, R/V
Haakon Mosby), b) High Resolution
Interferometer Sounder (HIS) marine

boundary layer calibration experiment

K. L. Davidson, Professor
C. H. Wash, Professor
P. A. Frederickson, Physical Scientist
F. K. Jones, Physical Scientist,
Department of Meteorology
Sponsor and Funding: Naval Research Laboratory-Monterey

ofthis
detailed

OBJECTIVE:
research was
analyses and interpretations on
surface and mixed 1layer data to
evaluate the; a) influence of the
ship presence on evaporation duct
height estimates from bulk method, b)
affect of different determination of
ship heading and speed on vector wind
values, and c) methods for merging
derived surface layer humidity and
temperature profiles with rawinsonde
profiles.

The objectives
to conduct

SUMMARY : Special analyses /
interpretation were performed on
shipboard data collected during the
High resolution Intererometer Sounder
(HIS) experiment conducted off the
north central California coast during
May 1992. These were performed on the
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(8-11 May 1992, R/V Point Sur), and
c) FLIR/AGA thermal imaging
experiment (28 July - 3 August, R/V
Point Sur).

YSE
surface layer measured “Bulk"
parameters. The sensors, except for

the sea surface measurements were
mounted on a well exposed platform
above the bridge at a level 19 meters
above the surface. The surface layer
measurements, at the frequency and
detail they were performed, were not
central to the HIS objectives. Some
common measurement difficulties arose
during the cruise and the influence
of these under different air and sea

conditions can be examined. For two
measurements periods, sensor
contamination by ship exhaust
occurred. During one period, upwind

obstacles degraded the vector wind
estimate. For two periods, up to 6
hours each, a flow obstruction to the
sea surface temperature caused too
1igh values.




TIFICATI IN THE

K. L. Davidson,

I
Professor

P. S. Guest, Meteorologist
P. A. Frederickson, Physical Scientist
Department of Meteorology

Sponsor:
Funding:

OBJECTIVE: The goal of this study is
to understand the relationship
between stratification of the lower
marine Arctic atmosphere and
ocean/atmosphere/ice interaction
processes.

SUMMARY: The stratification of the
lower atmosphere was found to be
important for several processes on
time and space scales ranging from
local turbulence to global climate
change. Factors affecting surface
temperature and energy balance in
Arctic regions were examined by Guest
and Davidson (1992) and Davidson and
Guest (1993). Clouds were found to
play a crucial role in determining
the surface energy budget, Guest and
Davidson, (1991) and wind stress,
Guest, (1992) over sea ice during
dark seasons. Measurements and
modeling results showed that
stratification in the lower marine
arctic atmosphere had an important

effect on surface wind stress,
Overland and Davidson, (1992) and
surface heat flux, Davidson and
Guest, (1991). Large changes in
lower atmospheric stratification
characteristics such as boundary

layer depth and surface temperature
were found to exist across a marginal
ice zone (MIZ) region, Frederickson
(1991) . These horizontal changes in
atmospheric structure in MIZ regions
greatly affected air/ice/sea
interactions, Frederickson (1992).

PUBLICATIONS: Overland, J.E. and K.L.

Davidson, "Geostrophic Drag
Coefficients Over Sea Ice," Tellus,
44A, pp. 54-66, 1992.

Office of Naval Research (ONR-1125AR)
Naval Postgraduate School

Davidson,. K.L. and P.S. Guest, "The
Effect of Stratification in the Lower

Marine Arctic Atmosphere on
Interactions with the Surface. AGU
1991 Fall Meeting, Program and
Abstracts, 9-13 December, 1991, a
supplement to EOS, 29 October, p.
237.

Fredericksen, P.A., K.L. Davidson and
P.S. Guest, '"The Stratification of
the Lower Marine Arctic Atmosphere,"

AGU 1991 Fall Meeting, Program and
Abstracts, 9-13 December 1991, a
supplement to EQOS, 29 October, p.
237.

Fredericksen, P.A., K.L. Davidson and
P.S. Guest, "Observations of the
Atmospheric Boundary Layer in the
Arctic Marginal Ice Zone,"
Preprints, Third Conference on Polar
Meteorology and Oceanography,
Portland, Oregon, 29 September - 2
October 1992, p. J16.

Guest, P.S. and K.L. Davidson, "The
Effect of Cloudiness on Heat Loss
From Pack Ice During Dark Seasons,"

AGU 1991 Fall Meeting, Program and
Abstracts, A supplement to EOS, 9-13
December 1991, 29 October 1991, p.
237.

Guest, P.S. and K.L. Davidson, "A

Study of the Factors Controlling the
Value of the Surface Temperature of

Sea Ice. Preprints, Third Conference
on Polar Meteorology and
Oceanography, Portland Oregon, 29

September - 2 October 1992, p. 50.

DISSERTATION DIRECTED: Guest, P.S.,




“A Numerical, Analytical and
Observational Study of the Effect of
Clouds on Wind Stress During the

Central Arctic Winter," Ph.D.
Dissertation, March 1992.
THESIS DIRECTED: Wos, A.W., "A

K. L. Davidson,

Climatology of Polar Low Occurrences
in the Nordic Seas and an Examination
of Katabatic Winds as a Triggering
Mechanism, Master’s Thesis, December
1992.

Professor

P. S. Guest, Meteorologist
P. A. Frederickson, Physical Scientist
Department of Meteorology

Sponsorand Funding:

OBJECTIVE: The general objectives
of this study are to understand the
forcing mechanisms responsible for
regional lead characteristics and to
understand the effects of leads on
regional meteorology in the Arctic.

SUMMARY : Participation in a major
field program, LEADEX, resulted in
the successful measurement of
regional-scale lead forcing
mechanisms. A buoy array was
successfully deployed at the
beginning of the experiment and

remained operational throughout the
field program period and for several
months afterward. Ice deformation
and lead formation were found to be

related to wind stress and
pre-existing lead geometries
(Overland et al., 1992). The
characteristics of the lower
atmosphere during LEADEX were

examined using data from rawinsondes
soundings obtained by the PI’s
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Naval Research Laboratory, Monterey

measurement program (Persson et al.,
1992). The transfer of momentum was
analyzed using the regional buoy
information (to be published) .
Models of radiation and surface
energy fluxes over ice were compared
with the LEADEX measurements (to be
published) .

PUBLICATIONS:
Ruffieux and K.
“"Characteristics of the Lower
Troposphere During LEADEX 92,"
Preprints from the Third Conference
on Polar Meteorology and
Oceanography, Portland Oregon, 29
September - 2 October 1992, p. 50.

Persson, P.0.G., D.

Davidson,

Overland, J.E., B.A. Walters, and
K.L. Davidson, "Sea Ice Deformation
in the Beaufort Sea,'" Preprints from

the Third Conference on Polar
Meteorology and Oceanography,
Portland Oregon, 29 September - 2

October 1992, p.64.




K.

Sponsor and Funding:

OBJECTIVE: The objective is to
determine how spatial variations in
surface conditions affect wind stress
in marine polar regions.

SUMMARY : A numerical model
provided by J. Glendening of NRLM was
used in conjunction with detailed
observations of surface and
atmospheric conditions to determine
the horizontal variations of wind
stress during a period when the
surface wind was parallel to an ice
edge (Davidson et al., 1992).
Variations in wind speed were found
to be equally important as surface
roughness changes in determining wind
stress variations. A paper was
prepared which examined measurements

L. Davidson,

"Professor
P. S. Guest, Meteorologist
Deaprtment of Meteorology

Naval Research Laboratory, Monterey

situations with a variety of
different meteorological and sea ice
conditions (Guest et al., 1993).
These were the first studies to focus
entirely on wind stress variations
across an MIZ. They also represent

the first attempt at including
detailed surfac~ forcing conditions
(roughness, temperature, wind vector

and ice coverage) based on in situ
measurements into a numerical model
of the atmosphere in the MIZ.

PUBLICATIONS: Davidson, K.L., P. S.
Guest and J. W. Glendening,
"Determining Realistic Wind Stress
Forcing Fields for Marine Arctic
Regions," Preprints from the Third
Conference on Polar Meteorology and

and models of wind stress variations Oceanography, Portland Oregon, 29
across marginal ice zones (MIZs) for September - 2 October 1992.
I RE ANCE :
TI R _AER L— I ION AND ENTRATINMENT
Philip A. Durkee, Associate Professor
Department of Meteorology
Sponsor: Office of Naval Research
Funding: Naval Postgraduate School
OBJECTIVE: The proposed effort The primary objective was
investigated the effects of aerosol investigation of the radiative

variation and cloud-top entrainment
on marine stratocumulus cloud
reflectance. Previous experimental
results were used to examine the
signature of variable entrainment.
The study will culminate in
participation in ASTEX during FY92.

SUMMARY: This program of study was
in the third of three years,
culminating in participation in the
ASTEX field program in June 1992.
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processes that result from clcud and
aerosol particle interaction and the
effects of cloud-top entrainment.
Emphasis was placed on analysis of
aerosol and cloud observations to
gain insight into the effects of
aerosol particles and entrainment on
the microphysics of clouds.
Investigations focused on cloud types
that are most affected by aerosol and
cloud interactions, especially in the
ASTEX region (Azores/Madiera




These include marine
stratocumulus, especially where
variable marine and continental
effects are important. Since marine
stratocumulus cloud processes are
largely driven by radiative
heating/cooling, cloud reflectance
effects should provide wvaluable
insight into <c¢cloud formation /
dissipation mechanisms. Specific
accomplishments included continued
examination of the ASTEX region
withemphasis on case studies of
aerosol-cloud interactions. LT Karen
Ruppe completed her thesis work which
focused on analysis of the ASTEX
region with comparisons to
Tettelbach (1987). Emphasis was be
on Saharan dust, North American and

Islands).

reflectance was conducted through
participation in FIRE/ASTEX Science
Team meetings in Denver, CO and Fair
Lakes, VA. Plans for collaboration
with aircraft, ship and ground-based
measurements were developed. Results
of the planning efforts are
documented in the ASTEX Operations
Plan. The field program was
conducted in Santa Maria, Azores
where operation of a real-time
satellite data receiver supported
data collection and analysis for
mission planning and assessment. The
analysis included full analysis
capabilities to produce imagery,
estimates of aerosol optical depth,
aerosol size index, cloud reflectance
at 0.63 and 3.7 microns wavelength.

European continental sources, and
oceanic sources. Planning of THESES DIRECTED: Ruppe, K.,
observation strategies necessary to “"Aerosol-Cloud Interactions during
examine the effects of aerosol-cloud ASTEX, Master’s Thesis, December
interaction and entrainment on cloud 1992.
SAGE III SCIENCE TEAM
Philip A. Durkee, Associate Professor
Department of Meteorology
Sponsor and Funding: National Aeronautics and Space

Administration

OBJECTIVE: The objectives during analyses incorporating SAGE

phase B of SAGE III development were
to examine global aerosol
distribution observations from NOAA
AVHRR and SAGE I and II measurements
and identify regions of potentially
high aerosol-climate impact. Primary
emphasis was on the upper
tropospheric observations available

from SAGE I and II. A second
objective was to examine case studies
of AVHRR-SAGE II comparisons. AVHRR
aerosol optical depth was compared to
profiles of extinction from SAGE II.
Issues such as upper tropospheric
cloud contamination were also
considered. The goal of this work
was to show the usefulness of
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III observations with nadir views
from high spectral and spatial
resolution radiometers on EOS such as
MODIS and HIRIS.

SUMMARY: Global summaries of aerosol
optical depth have been prepared for
April 1982-84 using NOAA-7 AVHRR.
Features such as Saharan dust,
continental plumes of anthropogenic
pollution, and advected smoke from
biomass burning were detected. Also
apparent in these analyses was a
distinct difference between optical
depth in the northern and southern
hemispheres. These results are
consistent with SAGE I tropospheric




results reported by Kent (1988) and
SAGE II results distributed by Kent
to the SAGE III Science Team
(unpublished) . From these results it
appears that much of the hemispheric
differences observed in the total
aerosol optical depth from AVHRR
measurements are due to upper
tropospheric aerosols advected from
continental sources (anthropogenic
and terrestrial). Comparisons
between SAGE II extinction profiles
and AVHRR optical depth are 1in
progress. Cases are being identified
from April (peak in Asian dust
transport across the Pacific) and
July (Saharan dust cases) 1985. The
phase C/D efforts will include
continued comparison of AVHRR and
SAGE II cases. Emphasis will be
placed on sources responsible for
long range aerosol transport at mid-
tropospheric levels. Saharan and

ATELLITE T TIGATI

F_AER

Gobi Desert dust events, pollution
episodes in eastern Asia and
northeastern U.S., and smoke from
agricultural and natural burning will
all be examined. To the extent that
tropospheric aerosols are included in
the SAGE III studies, this effort

will investigate relationships
between various aerosol optical depth
regimes and cloud reflectance

characteristics. These studies will
include examination of multispectral
radiative signatures of aerosol
features and the impact of MODIS and
HIRIS estimates of aerosol
characteristics. Also in phase C/D,
support of field measurement programs
planned under the SAGE III effort
will be provided using satellite-
based measurements and analyses of
spectral optical depth and aerosol
transport.

I, PARTTCLE DISTRIBUTIONS

ASSOCTATED WITH DMS AND THETR RELATIONSHIP TO MARINE CLOUD

CHARA

ISTI

Philip A. Durkee, Associate Professor
Department of Meteorology

Sponsor and Funding:

National Aeronautics and Space

Administration

OBJECTIVE: The objectives of this
project are two-fold. First, we have
supported the planning,
implementation and execution of the
field programs under the PSI (Pacific
Sulfur/Stratus Investigation).
Second, we are continuing our
regional and global scale analysis of
aerosol and cloud properties.

SUMMARY: Planning of location and
timing of field programs were aided
by analysis of global scale cloud and
aerosol characteristics, particularly
plans to participate with JGOFS in
the central Pacific Ocean in spring
1992. We are preparing summaries and
composites of PSI-1, -2 and -3
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aerosol and cloud characteristics

from our satellite techniques. These
will be compared with ship and
aircraft observations. A priority
task is to composite our satellite

data into on-shore and off-shore
cases to assess the impact of
continental (anthropogenic and

terrestrial) sources. We havestudied
our preliminary results of global
analyses for April 1982, 1983, and
1984 and have included improvements
to our analysis of aerosol optical

depth, size index, and cloud
reflectance. We are proceeding with
summaries of July, October and

January 1983 and 1984. We have also
finalized our results of comparisons




between satellite composites and
plankton blooms detected near
Iceland. Results of comparisons

during the RITS cruise (April 1988)
are also complete and show a strong
correlation between aerosol features
and cloud reflectance properties. We

TE IE

are beginning and analysis of the
RITS 1989 cruise in the eastern
Pacific Ocean where we will
concentrate on southern latitudes to
examine the effects in a relatively
clean atmosphere.

T I

Philip A. Durkee, Associate Professor of Meteorology
Office of Naval Research

Sponsor and Funding:

OBJECTIVE: Satellite observations of
atmospheric aerosol particles will be
used to study the transition of
particle distributions in support of
the ONR initiative on Transformation
Dynamics of Marine Aerosols (TDMA).
Studies will focus on
parameterization techniques for Navy
aerosol models and studies of aerosol
distributions during ASTEX (Atlantic
Stratocumulus Transition Experiment) .
SUMMARY : Funding for this project
began in Aapril 1992. The highlights
of accomplishments are threefold.
First, participation in ASTEX during
June 1992 in the Azores islands

provided excellent validation data
for aerosol retrievals and case
studies of aerosol transitions.
Satellite support of the aircraft-

retrieval using NOVAM (Navy Oceanic

Vertical Aerosol Model) and a complex
radiative transfer model. The
results are very encouraging for
application of satellite retrieved

parameters to NOVAM. Third, the
results of Rouault have been
incorporated into our regional

analysis scheme and summaries of the
ASTEX region are proceeding.

PUBLICATIONS: Rouault, M., and P. A.
Durkee, "Characterization of Aerosols
Above the Ocean from Satellite Remote
Sensing," In Nucleation and
Atmospheric Aerosols. N. Fukuta and
P. E. Wagner (Eds.), DEEPAK
Publishing, pp. 357-360, 1992.

THESES DIRECTED: Ruppe, K.,
"Aerosol-cloud Interactions During

based aerosol transitions studies was ASTEX. Master’s Thesis, December
begun. Second, M. Rouault completed 1992.
a theoretical study of aerosol

TUDIES OF THE EFFE F _SHIP A TY ON CIOUD PROPERTIE

Philip A. Durkee, Associate Professor
Department of Meteorology
Office of Naval Research

Sponsor and Funding:

OBJECTIVE: Satellite observations of
ship tracks in stratiform clouds will

be analyzed and compared to
meteorological and aircraft
measurements. Phenomenological

245

studies will define the physical,
temporal and radiative
characteristics of tracks including
occurrence statistics. Mechanism
studies will incorporate aircraft




measurements to begin to determine
formation processes.

SUMMARY: Results from a number of
thesis projects are complete.
Salvato compared high latitude ship
track formation with subtropical
regions and found that the Arctic
region is significantly more
susceptible to track formation.

Pettigrew developed the most complete
set of ship-ship track collocations
to date. It was determined that the
ship is typically within 5-10 km of
the track head. Evans compiled a set
of 60 tracks and analyzed them for
physical and radiative
characteristics. Giampaolo tested an
automated track detection algorithm
developed by Nielsen. Lutz completed
a study of occurrence statistics for
tracks in the eastern North Pacific

characteristics of tracks are as
expected from turbulence models.

THF.SES DIRECTED: Salvato, G. S.,
"Comparison Between Arctic and

Subtropic Ship Exhaust Effects on
Cloud Properties, Master’s Thesis,
September 1992.

Pettigrew, J. cC., “Surface
Meteorological Parameters of
Identified Ship Tracks, Master’s
Thesis, September 1992.

Evans, M. E., "Analysis of Ship
Tracks in Cloudiness Transition
Regions, Master’s Thesis, September
1992.

Lutz, J. W., "“Ship Tracks: A

Geographical and Statistical Study,"
Master’s Thesis, December 1992.

and showed that tracks are more
common the previously thought. Millman, T. M., "A Temporal Analysis
Millman developed an analysis of East Pacific and East Atlantic
technique that allows study of the Ship Tracks, Master’s Thesis,
temporal characteristics of tracks December 1992.
and showed that the dispersion

TROPI I IE

Russell L. Elsberry, Professor

Patrick A. Harr, Adjunct Professor
Lester E. Carr, III, Assistant Professor
Department of Meteorology
Sponsor and Funding: Office of Naval Research

OBJECTIVE: The objective of this Abbey 1991) of the advances in
continuing project is to improve understanding of tropical cyclone
understanding of synoptic-~scale, motion during the ONR Accelerated
mesoscale and large-scale Research Initiative was prepared.
environmental influences on tropical Clarification of the role of

cyclone motion. A long-term goal is
to improve the accuracy of tropical
cyclone track predictions for the
Fleet as well as to extend the period
of skillful track forecasts from 72 h
to 120 h.

SUMMARY: A summary (Elsberry and
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environmental steering on tropical
cyclone motion has been achieved

(Elsberry and Abbey 1992). Analyses
by Rucker (1992) reveal a
surprisingly complex pattern of

outflow jets that evolve dramatically
as Supertyphoon Flo approaches and
crosses the subtropical ridge. Three




types of tropical cyclone outflow
interactions with adjacent upper-
level lows have been documented.
Mass outflow and eddy maomentum fluxes
through 6 degrees lat. radius are
occasionally (but not always)
correlated with the departures of the
intensification rate from the steady
rate expected for the favorable
conditions associated with high sea-
surface temperatures and moisture
contents. Similar calculations will
be made with the multi-qguadratic and
final TCM-90 analyses. Dobos (1992)
has demonstrated that the new radar
wind profiler technology applied
during TCM-90 produced wind
observations within about 2 m/s of
nearby rawinsondes. Comparisons of
the profiler observations at the top

of the boundary layer with the
surface sustained winds and gusts
provides new insights into the
vertical structure of typhoons.

Nighttime boundary layer structures
depart significantly from daytime
structures unless the winds exceed 25
m/s.

Decomposition of the TCM-90 wind
fields into three components has been
tested with operational analyses
(Bohner 1992; Elsberry and Bohner
1992). The derived propagation
components agree at times (with
notable exceptions at low latitudes
when the cyclones were weak) with the
theoretical expectations. It remains
to be determined from the final
analyses whether the decomposition
technique will provide an accurate

separation of the asymmetric and
large-scale environmental changes
necessary to understand the

interaction of the tropical cyclone
with adjacent synoptic-scale
circulations.

A field program summary (Dunnavan et
al. 1992) of the TCM-92 mini-field
experiment (Eisberry et al. 1992) has
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been prepared. The data sets are
described for potential use by other
researchers. McKinley (1992)
contrasts the satellite imagery and
aircraft observations from the most
dramatic MCS observed during TCM-92
with a less organized MCS. Both MCSs
had a midtropospheric cyclonic vortex

with cooler (warmer) air Dbelow
(aloft). The more dramatic MCS had a
cyclonic vortex at 700 mb in the
aircraft data and a cyclonic
circulation signature in the cumulus
clouds in the satellite imagery.
Although deep moist columns were

present on the edge of this vortex (a
requirement for tropical
cyclogenesis), the central vortex
region had a classical dry mesoscale
unsaturated downdraft signature.
This dry air, plus the vertical
shear, appeared to account for the
lack of cyclogenesis in association
with the dramatic MCS.

PUBLICATIONS: Carr, L.E., III, and
R. L. Elsberry, "Analytical Tropical
Cyclone Asymmetric Circulation for
Barotropic Model Initial Conditions,"”
Monthly Weather Review, 120, 644-652,
March 1992.

Elsberry, R.L., M. DeMaria, G. J.
Holland, H. Gerrish, C. P. Guard, and
K. Emanuel, "Is There any Hope for
Tropical Cyclone Intensity
prediction? A panel discussion,"
Bulletin American Meteorological
Society, 73, 264-275, March 1992.

Dunnavan, G.M., E.J. McKinley, P.A.
Harr, E.A. Ritchie, M.A. Boothe, M.
Lander and R.L. Elsberry, '"Tropical
Cyclone Motion (TCM-92) Mini-field
Experiment Summary,'" NPS Technical

Report, NPS-MR-93-001, 1992. °
Elsk ry, R.L., "Tropical Cyclone
Motic ." ' Naval Research Reviews,

Office of Naval Research, Arlington,
VA 22217, XLIV, 5-16, 1992.




Elsberry, R.L. and R.F. Abbey, Jr.,
"Recent Advances in Understanding
Tropical Cyclone Motion." NPS
Technical Report, NPS-MR-92-001,
1991.

Elsberry, R.L. and R.F. Abbey, Jr.,
“Typhcon Motion and Environmental
Steering."” Technical Document,
WMO/TD-No.472, World Meteorological
Organization, Geneva, Switzerland,
III-1--III-19, 1992.

Elsberry, R.L., G.M. Dunnavan and

E.J. McKinley, "Operations Plan for
the Tropical Cyclone Motion (TCM-92)
mini-field experiment, ' NPS Technical
Report, NPS-MR-92-002, 1992.

CONFERENCE PRESENTATIONS: Chen, J.-
M. and P.A. Harr, ""On the
Interpretation of Extended Empirical
Orthogonal Function Analysis,"
Preprints, Fifth International
Meeting on Statistical Climatology,
Toronto, Ontario, Canada, 237-240,
1992.

Elsberry, R.L., on the
Tropical Cyclone Motion (TCM-90)
field experiment," 1992 Tropical
Cyclone Conference, Tokyo, Japan, 11-
14 February 1992.

"Update

Elsberry, R.L., "Progress report on
the Tropical Cyclone Motion (TCM-90)
data set and research activities,"

Joint Session of WMO  Typhoon
Committee and Panel on Tropical
Cyclones, Pattaya, Thailand, 18-21
February 1992.

Elsberry, R.L., “Review of
Advancements in Unmanned Aircraft

Technology with Potential Application
to Tropical Cyclone Reconnaissance,"
Joint Session of WMO Typhoon
Committee and Panel on Tropical
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Cyclones, Pattaya, Thailand, 18-21

February 1992.

Elsberry, R.L., "Final Analysis of
the TCM-90 Experiment and Preliminary

results of the TCM-92 mini-field
experiment." Invited lecture,
Typhoon Committee meeting, 2Zhuhai,

PRC, 8-11 December 1992.

Elsberry, R.L. and R. H. Bohner, Jr.,
"Three-component Decompositions of
Tropical Cyclone wWind Fields:
Relation to Tropical Cyclone Motion."
Invited talk, International Symposium

on Tropical Disasters, Beijing, PRC,
12-16 October 1992.

Holland, G.J. and R. L. Elsberry,
"Tropical Cyclones as Natural
Hazards: A challenge for the IDNDR,"
Invited lecture, International
Symposium on Tropical Cyclone
Disasters, Beijing, PRC, 12-15
October 1992.

THESES DIRECTED: Bohner, R.H. Jr.,

“Definition of Mean Environmental
Steering Flow for TCM-90 Tropical
Cyclones," Master’s Thesis, 1992.

Dobos, P.H., "Evaluations of 404 MHz
Radar Wind Profiler Observations at

Okinawa during TCM-90," Master’s
Thesis, 1992.
McKinley, E.J., "An Analysis of

Mesoscale Convective Systems Observed
During the 1992 Tropical Cyclone

Motion Field Experiment,"” Master’s
Thesis, 1992.
Rucker, J.H., ‘'Upper-tropospheric

Forcing of the Intensification Rates
of Tropical Cyclones Flo and Ed Based
on TCM-90 Observations," Master’s
Thesis, 1992.
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QF UPSTREAM BOUNDARY CONDITIONS FOR STORM
Russell L. Elsberry, Professor

Paul A. Hirschberg, Adjunct Professor
Richard J. Lind, Meteorologist
Department of Meteorology

Sponsor and Funding:

OBJECTIVE: The basic objective of
this new project is to demonstrate
that a ‘"picket fence" of extra
rawinsonde stations along the U.S.
west coast will improve the time and

spatial resolution of the mass,
momentum, heat, kinetic energy and
moisture carried by jet streaks and
short waves entering the U. S. from
the data-sparse Pacific Ocean. A
consequence of this improved
specification of the "upstream

boundary" conditions will be a more
accurate forcing of the mesoscale
weather systems that develop over the
central U.S.

SUMMARY : The feasibility of this
concept was tested during the STORM-
Fronts Experiment Systems Test (FEST)
during 1 February to 15 March 1992
(Lind et al., 1992). A series of
seven special rawinsonde sites were
interspersed among the seven regular
rawinsonde sites alcng the west coast
from Port Hardy, British Columbia to
San Diego, California. In addition
to the improved spatial resolution,
rawinsondes were launched every 3 h
at all 14 sites to improve the time

resolution during four Intensive
Observing Periods. The observations
at the regular sites were

accomplished via a cooperative effort
with the National Weather Service,

Air Force and the Atmospheric
Environmental Service of Canada.
Naval groups at the Naval

Oceanography Command in San Diego,
Pacific Missile Test Center at Pt.
Mugu, California, Submarine Group
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National Science Foundation

Nine and the Naval Postgraduate
School provided personnel for the
special sites. In addition,

university participation included the
Oregon State University, University
of Washington, and University of
California at Davis. Data from the
regular and special sites have been
collected, put into a common format
and delivered to the STORM-FEST Data
Management Center and to the
participants. An extensive quality
of the observations in the vertical,
and via time and spatial cross-

sections along the west coast, has
been completed. Thus, the logistical
feasibility of making special

observations as jet streaks and short
waves propagate over the west coast
has been demonstrated. Preliminary
analyses indicate that the enhanced
observations captured features that
would have been poorly sampled by the
along the west coast. A description
of the four Intensive Observing
Periods is given in the Field Program
Summary (Lind et al. 1992).

PUBLICATION: Lind, R.J., P. A.
Hirschberg, D. W. Titley and R. L.
Elsberry, "West Coast Picket Fence
Feasibility Study During STORM-FEST.

I. Field program summary,' NPS
Technical Report, NPS-MR-92-003,
1992.

CONFERENCE PRESENTATION: Hirschberg,
P.A., R.L. Elsberry and R.J. Lind,
"Picket Fence Analysis and Research
Plans," STORM-FEST Workshop,
Longmont, CO, 4-6 November 1992.




OBSERVATIONAL-NUMERICAL STUDIES OF SEVERE SYNOPTIC

WEATHER PHENOMENA
Russell L. Elsberry, Professor
Patrick A. Harr, Adjunct Professor
Department of Meteorology

Sponsor:

Funding:
OBJECTIVE: The goal of this ongoing
research project is improved
numerical prediction of severe

synoptic-scale weather features that
have a large impact on Fleet
operations.

SUMMARY: The potential increase in

utility of numerical forecasts of
maritime sea-level cyclones was
investigated via comprehensive
examination of a large data base that
describes the error characteristics
of the numerical forecasts. Harr et

al. (1992) showed that the quality of
the numerical . forecasts is very
dependent upon several physical

factors such as the cyclone location,
movement and large-scale environment.
Numerical forecast errors for certain

Naval Oceanographic and Atmospheric Laboratory
Naval Postgraduate School

(1992) also conclude that the
variability in numerical forecast
accuracy and its dependence upon
several physical factors precludes
the use of many statistical
approaches for increasing the utility
of the numerical forecast to the

general user.

PUBLICATION: Clune, W.M., P.A. Harr
and L.R. Brody, "The Man-Machine Mix
in Operational Product Quality
Control and Verification at Fleet
Numerical Oceanography Center, "
Weather and Forecasting, 7, No. 2,
280-287, June 1992.

Harr, P.A., R.L. Elsberry, T. Hogan

and W.M. Clune, "Forecasts of North
Pacific Maritime Cyclones with the

types of maritime cyclones can be Navy Operational Global Atmospheric
quite different from the systematic Prediction System," Weather and
errors defined from an average of Forecasting, 7, No. 3, 456-467,
many cyclone types. Harr et al. September 1992.
Y ME I I BOUNDARY REGION
Robert L. Haney, Professor
Department of Meteorology
Sponsor: Office of Naval Research
Funding: Naval Postgraduate School
OBJECTIVE: The broad objective of hydrographic/ADP surveys, will be
this research is to explore the used to address questions about the
structure and dynamics of cold observed filaments that can not be

filaments over the continental rise
and slope in eastern boundary current
regions using model-data
assimilation. A multi-level
primitive equation ocean model, and
data from the CTZ and EBC
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answered with the data alone.

SUMMARY: As a first step to study
the effects of bottom topography on
cold filaments in the coastal oceans,
a study was completed last year which




documents the numerical resolution
and methods required to accurately
model flow over steep <coastal
topography (Haney 1991). The data
assimilation studies are in progress
at the present time, and only
preliminary result. are available
(Haney and Stanton, 1992). Our
approach 1is to use static data
assimilation and dynamic
initialization to determine the best
estimate of the structure and
currents of the cold filaments at the
time of each hydrographic survey.
The results are being analyzed to
test the following hypotheses: (1)
the 3-D circulation in coastal jets
and filaments departs significantly
from quasi-geostrophic (QG) theory
due to nonlinearity, (2) strong
vertical circulations occur at
entrance and exit regions of coastal
jets, (3) strong vertical
circulations occur between crests and
troughs of meandering coastal jets,
and (4) the vertical circulatiens
associated with these features extend
deep enough to transport biota and
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other trace material out of the
surface layer and into the deeper
ocean. We will make the three-
dimensional mass conserving currents
obtained from the data assimilation
analyses available to all CTZ and EBC
investigators.

PUBLICATIONS: Strub, P.T. and 21
more authors (including R.L. Haney),
“"The Nature of Cold Filaments in the

California Current System," Journal
of Geophysical Research, 96, 14743-
14768, 1992.

Haney, R.L., "On the Pressure

Gradient Force over Steep Topography
in Sigma Coordinate Ocean Models,"
Journal of Physical Oceanography,
21,61 619, 1992.

CONFERENCE PRESENTATION:
and T. P. Stanton, “The Three
Dimensional Current Structure
Associated with a Cold Filament in
the California Coastal Current,'" AGU
Ocean Sciences Meeting, New Orleans,
LA, 27-31 January 1992.

Haney, R.L.

ATIONS IN THE CALTFORNIA
BSERVATION

Robert L. Haney, Professor
Department of Meteorology
Office of Naval Research

Sponsor and Funding:

OBJECTIVE: The objective of this
study is to test and verify a method
for estimating density fluctuations
in and below the ocean pycnocline
from observations in the upper ocean
alone. The method consists of
modeling an observed density profile
in the upper few hundred meters of
the ocean as a climatological mean
plus a weighted sum of the first N
empirical vertical modes (EOFs).

SUMMARY : The problem being
considered is that of constructing
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the best estimate for the density
profile below a certain depth D,
given the observed density profile
above that depth. For this purpose,
the estimated disturbance profile is
modeled as a weighted sum of the
first N empirical vertical modes
(EOFs) . At the present time, the
mean density profile and the EOFs
have been computed from the surface
to 2500 m in the California coastal
region using a large number of
independent CTD stations (courtesy of
Curt Collins,NPS). Separate




computations have been made for each
of two ‘"seasons", the upwelling
season (April - October) and the rest
of the year. For each "season" the
first four EOFs have been shown to be
robust (i.e., statistically
significantly different from one
another) and to explain approximately
80% of the variance above 2500 m.
For each observed density profile,
the EOF weights that determine the
estimated profile are obtained by
performing successive least square
fits of the disturbance density

A PHER. ME
T.R. Holt, Assistant Professor
Department of Meteorology

Sponsor:
Funding:
OBJECTIVE: The goal of this project
is to investigate, evaluate and
develop coastal atmospheric mesoscale
models that could be implemented
operationally. The primary tasks

outlined to achieve this goal are
numerical simulations using the NRL

mesoscale model under varying
synoptic and coastal flows, use of
these simulations to aid in the

investigation and identification of
important coastal physical processes,
and development and verification of a
mixed layer model capable of
predicting mesoscale variability in
the coastal environment based on
important coastal mesoscale
processes.

SUMMARY: Numerical simulations using
the NRL mesoscale model examined the
2-3 May 1990 case study of changing
synoptic flow regimes along the West
Coast of the United States. Initial
research investigated NRL model
simulations and their sensitivity to
complex coastal terrain, focusing on
three specific mesoscale coastal
phenomena: the land-sea breeze, the
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profile above the depth D to the
first four EOFs. The estimated
profile is then verified against the
observed profile over the full water
column. This 1is being done by
computing the correlation between the
observed and modeled profiles, and
the percent of variance explained by
the modelled profiles, as a function
of the depth D. This study is
primarily interested in the results
when D is of the order of several
hundred meters, a feasible depth for
operational shipboard observations.

MODEIL.IN TUDIE

Naval Research Laboratory-West
Naval Postgraduate School

Catalina Eddy and the topographically
trapped southerly surge. Comparison
of observations (including high
resolution NPS Doppler wind profiler
and RV Point Sur data) with model
simulations indicated the model
successfully replicated the overall
general horizontal and vertical
structure of each of the phenomena.
Extensive comparison of
cross-sections and profiles confirmed
that the model was capable of
providing detailed mesoscale
forecasts. Although the model did
quite well in simulating the timing
and strength of the lower limb of the
sea breeze, the upper return flow was
not captured as effectively. Also,
the strength and vertical extent of
the circulation associated with the
Catalina Eddy was well simulated but
the location of the Eddy vortex
differed by approximately 50-100 km
from observed. The timing of the
southerly surge was well predicted
but the strength and northward extent

was under predicted. Also, the model
has difficulty in consistently
resolving the low-level marine




inversion, in part due to the fact
that the model lacks cloud/radiative
interaction. This problem is crucial
in the prediction of the southerly
surge in particular, and the
mesoscale flow pattern in general.

Hence, additional model simulations
incorporating cloud/radiative
processes were performed. Results
indicate that the updated model with

the radiative / cloud
parameterization yieldec¢ a more
accurate simulation of layer
temperatures, geopotential heights,

cloud cover, and radiative processes
as verified from synoptic, mesoscale
and satellite observations than
simulations without radiative/cloud
effects. Subsequently, the updated
model also forecast a more realistic
diurnal evolution of the land-sea

breeze, Catalina Eddy, and the
southerly surge.
PUBLICATIONS: Holt, T.R. and S.

Raman, “Three-Dimensional Mean and
Turbulence Structure of a Coastal
Front Influenced by the Gulf Stream,"
Monthly Weather Review, Vol. 120, pp.
17-39, January 1992.

Holt, T.R. and F.J. Grandau, "A
Numerical Investigation of
Topographic and Coastal Influences on

Volume, Sixth Conference on Mountain
Meteorology, 29 September - 2 October
1992, Portland, OR.

Holt, T.R. and S.W.
Numerical Investigation of the
Effects of Timing of  Diabatic
Processes in the Coastal Cyclogenesis
of GALE I0P 2," forthcoming in
Monthly Weather Review, (Vol. 121,
No. 3), 23 pp., March 1993.

Chang, A

CONFERENCE PRESENTATIONS: Holt, T.R.
and F.J. Grandau, A Numerical
Investigation of Topographic and
Coastal Influences on Mesoscale
Structure along the West Coast of the
United States,"” Sixth Conference on
Mountain Meteorology, 29 September -
2 October 1992, Portland, OR.

THESES DIRECTED: Grandau, F.J.,
LCDR, USN, "Evaluation of the Naval
Research Laboratory Limited Area
Dynamical Weather Prediction Model:
Topographic and Coastal Influences
along the West Coast of the United
States, " Master’s Thesis, March 1992,

Stewart, P.C., LT, USN,
“Incorporation of a Radiation
Parameterization Scheme into the

Naval Research Laboratory Limited
Area Dynamical Weather Prediction

Mesoscale Structure along the West Model," Master’s thesis, September
Coast of the United States," Preprint 1992.
MODELING OF ATMOSPHERIC MESQOSCALE PROCESSES

T.R. Holt, Assistant Professor
Department of Meteorology

Sponsor and Funding:

OBJECTIVE: The goal of this project
was to understand the importance and
interaction of physical processes
occurring in the marine boundary
layer using Observing System
Simulation Experiments (OSSE) for
cases of coastal and oceanic
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cyclogenesis during the Genesis of
Atlantic Lows Experiment (GALE) and
the Experiment on Rapidly
Intensifying Cyclones over the
Atlantic (ERICA).

SUMMARY : A

series of observing




system simulation experiments (OSSE)
and real data assimilation
experiments were conducted to assess

the impact of assimilating SSM/I
estimated rainfall rates, surface
wind speeds, and integrated water
vapor on limited area model
predictions of intense winter
cyclones. A number of OSSE were
conducted for GALE IOP 2 cyclogenesis
in which the "observed" rainfall
rates were assimilated into the

degraded ""forecast" model. A similar
design was carried out for ERICA IOP
4 surface wind speed and integrated
water vapor. Various data
frequencies, different vertical
profiles, with various assimilation
windows, and with prescribed
systematic errors were assimilated to
test the sensitivity of the impact.
It was found that assimilation of
rainfall rates in general improves
the forecast in terms of sea-level
pressure S1 scores when either the
"observed" or model-determined
vertical heating profiles were used.
The improvement was insensitive to
the error in rainfall magnitude
estimates but was sensitive to errors
in geolocation of the precipitation.
More frequent observations
(additional sensors in orbit) had
positive but gradually diminishing

drawn for assimilation of surface
wind speeds. Real SSM/I measured
rainfall rates were assimilated for
the ERICA IOP 4 marine cyclone.
Results of the assimilation
experiments indicated that the
assimilation in general leads to
better intensity forecasts. The best
forecast with assimilation predicted
a 24-hour minimum surface pressure of
943 mb, cutting the forecast error of
the "no sat" forecast by 50%. This
most efficient assimilation was
carried out with the assimilation of
two time SSM/I observations using the

swath method. Further analysis
indicated the assimilation also
resulted in better track and
structure forecasts.

PUBLICATIONS: Chang, S.W., T.R.

Holt, and K.D. Sashegyi, "A Numerical
Study of the ERICA IOP-4 Marine
Cyclone," Proceedings of the Second
International Conference on East Asia
and Western Pacific Meteorology and

Climate, 7-10 September 1992, Hong
Kong.
THESIS DIRECTED: Schulz, wW.J., Jr.,

LT, USN, "Wind Speed and Moisture
Sensitivity Tests of the NRL Limited
Area Dynamical Weather Prediction
Model: An OSSE Study of ERICA IOP
4," Master’s Thesis, March 1992.

GLOBAL AND TROPICAI, SYSTEMS

Tom Murphree, Research Assistant Professor
C.-P. Chang, Professor
J.M. Chen, Research Assistant Professor
Department of Meteorology

benefits. Similar conclusions were
Sponsor and Fundino:
OBJECTIVES: This continuing project

is designed to: (1) identify the
dominant mechanisms of short term
climate change in the atmosphere and
ocean; (2) evaluate the tropical
atmosphere and ocean systems produced
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and
improve
forecast

by operational
forecasts; and
atmosphere and
systems.

analyses
(3)
ocean

SUMMARY: We have pursued six main




research topics during the last year.

1. We have continued our
modeling studies with Dr. R. Gelaro
of NRL. We used the Navy Operational
Global Atmospheric Prediction System
(NOGAPS) model to identify the
mechanisms which govern variability
in the midlatitude responses to
tropical thermal forcing. Our main
experiment was a test of the
sensitivity of the midlatitude
response to intraseasonal variations
in the ambient flow. We found that
the waveguiding and barotropic
instability characteristics of the
subtropical jets were major factors
governing the response. This
suggests that fluctuations in the
subtropical jets may explain why the
response to a tropical heating event
(e.g., an El Nino event) can vary
considerably over the course of an
individual event, and from one event
to the next.

2. We have explored such jet
fluctuations using analyzed and
modeled fields. The jets were found
to be well correlated with the
tropical heating in several key
tropical locations. The correlations
were strongest for heating
fluctuations that were located
equatorward and .o the west of a jet
core, and which led the jet by three
to ten days. Our preliminary results
indicate that tropical heating
fluctuations force the midlatitudes
mainly by varying the waveguiding and
instability characteristics of the
jets.

3. We have also examined, in a
series of experimental NOGAPS
forecasts, the global impacts of an
individual typhoon. Our experimental
procedure involved selectively
applying various versions of the
NOGAPS tropical cyclone bogus
procedure, including a negative bogus
that effectively eliminates
individual cyclones. We found that a
single typhoon may significantly
impact the circulation over the North
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Pacific-North America-North Atlantic
region one to two weeks after the
storm’s formation. The midlatitude
impacts of the typhoon are
dynamically very similar to those
produced by larger and longer term

tropical heating events (e.g., El
Ninos) .
4. Our fourth main research

activity was a study of the large
scale tropical air-sea interactions
during the 1991-92 El Nino event. In
the first part of this study, we
analyzed surface atmosphere and upper
ocean data from an array of

equatorial Pacific buoys. We
identified two major air-sea
interaction regimes within the
tropical Pacific, which are

determined by the strength and
direction of the zonal wind. We also
demonstrated that the westerly winds
associated with several typhoons in
the western Pacific played major
roles in the development of the 1991-
92 El Nino in the central and eastern
Pacific ocean.

In the second part of this
tropical air-sea study, we developed
and applied an equatorial ocean model
with embedded mixed layer physics to
explore the dynamics of the ocean’s
response to westerly wind events
during the 1991-92 El1 Nino. This
modeling effort was conducted in
collaboration with Prof. R. Garwood,
Ms A. Guest, and Prof. R. Haney. The
model results confirmed that
relatively infrequent and short-lived
typhoon forcing was a major forcing
process for both the local and remote
parts of the basin.

5. We have also examined
instability waves in the tropical
ocean in collaboration with Prof. a.
Semtner and Mr. M. McCann of NPS,
and Dr. P. Flament of the University
of Hawaii. Our work focused on a
comparison of observed instability
waves with those calculated by an
ocean general circulation model. The
model waves have a distinct three




dimensional «circulation involving
strong interactions with the South
Equatorial Current, North Equatorial
Countercurrent, and Equatorial
Undercurrent. Comparisons with
satellite, cruise, and buoy data
indicate that the thermodynamics and
dynamics of the model waves are quite
realistic. In particular, both the
observed and model waves show that
baroclinic instability is a major
factor in the waves’ development.

6. In our studies of tropical
weather systems, we conducted
spectral analyses of the NOGAPS
analyses and 48-hr forecasts for the
tropical western Pacific during the
1991-92 winter. The meridional wind
at 850 hPa was the main parameter.
Over the Marshall and Caroline
Islands, the spectral characteristics
of Dboth the analyses and the
forecasts near the dominant period
(4-8 d) were found to be in good
agreement with radiosonde
observations. Westward propagating
synoptic scale waves deduced from
cross-spectra were well represented
in the NOGAPS analyses and forecasts.
However, the correspondence between
the observations and the 48-hr
forecasts was found to deteriorate
over the extreme western region of
the tropical Pacific and the South
China Sea.

PUBLICATIONS: Gelaro, R. and T.
Murphree, "Mechanisms for
Intraseasonal Variations of North
American Climate,'" California Water
Resources Bulletin, forthcoming.
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I . ENEST

Wendell A. Nuss, Assistant Professor
Department of Meteorology
Sponsor: Office of Naval Research
Funding: Naval Postgraduate School

OBJECTIVE: The long-range goal of
this ongoing research is to
understand the role of boundary layer
processes in frontogenesis and
cyclogenesis and to better represent
these processes in numerical
simulations of cyclogenesis. The
objectives of this research are to
describe the effect that horizontally
varying boundary layer structure and
processes have on frontogenesis
associated with oceanic cyclogenesis
and to investigate the role of the
sea surface temperature distribution
and initial boundary layer structure
in forcing warm frontogenesis in
numerical simulations of oceanic
cyclones.

SUMMARY : During 1992, the results
from model simulations of the Genesis
of Atlantic Lows Experiment (GALE)
ocean cyclone of Feb. 24-26, 1986
that included the effects of ocean
wind-generated waves in the boundary
layer were analyzed for publication
and a manuscript was @partially
prepared. As reported for 1991, the
results from using this wind-wave
parameterization were very
encouraging as more realistic cyclone
intensification and structure
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occurred when using the wind-wave
parameteriztion. The primary effort
during 1992 was to complete the
analysis of these model simulations
for publication and to extend these
results to additional cases. A
manuscript is partially prepared and
the effort to extend these results to
new cases has been hampered by
numerical modeling difficulties with
the new cases.

Considerable effort was made to
model the ERICA IOP2 cyclone and the
large air-sea temperature differences
present in that case contributed to
highly unstable model conditions.
Initial efforts to alleviate the
problems included increasing the time
step and adjusting the analysis of

moisture using multiguadric
interpolation. Efforts are
continuing to complete this

simulation. Collaborative efforts on
the simulation of The ERICA IOP4
cyclone are underway as well.

PRESENTATIONS: Nuss, W.A., "Boundary
Layer Influences on the Location,
Timing and Mesoscale Structure of
Ocean Cyclones," Presented at the
Cyclone Workshop, Val Morin, Quebec
Canada, October 1992.
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Wendell A. Nuss, Assistant Professor
Department of Meteoroclogy
Office of Naval Research

Sponsor and Funding:

OBJECTIVE: The primary long-term
goal of this ongoing project is to
understand how mesoscale sea surface
temperature features interact with
developing synoptic-scale cyclones.
An associated secondary goal is to

produce forecast <criteria that
indicate when strong interaction will
occur to aid in forecasting

cyclogenesis at sea. The objectives
during FY92 were to complete the
detailed analysis of the ERICA IOP 2
cyclone and describe the mesoscale
air-sea interaction that occurred
during its development. The aim was
to complete 20km objective surface
analyses from which surface fluxes
could be calculated.

SUMMARY: During FY92 analyses of the
ERICA IOP2 cyclone were completed
using multiquadric interpolation
techniques developed by this
investigator. These analyses were
used to calculate surface interaction
in this cyclone. This study has
found that the boundary layer and
surface interaction during the IOP 2

the warm frontal region of the
cyclone throughout its 1lifecycle.
The pattern of surface heat fluxes
prior to cyclogenesis rapidly
established a boundary layer front
along the north wall of the Gulf
Stream. The subsequent initial
cyclogenesis occurred 1in a region
where the surface heat flux was a
maximum along this front and where
convection was possibly being forced
by these strong fluxes. Interestingly
this pattern of strong heating along
the warm front and in the warm sector
was found to persist through much of
the cyclogenesis. We hypothesize that
this heating pattern contributed
significantly to the convection along
the warm front and probably was
important to the overall development
of the cyclone. The contribution to
the overall cyclogenesis is currently
being tested through model
simulations. This pattern of surface
heating and moistening suggests that
air flowing into the frontal updraft
region from the southeast and east is
continually heated and moistened by

cyclogenesis contributed surface fluxes in much the same
significantly to the initial manner as air flowing into a
cyclogenesis through PBL hurricane.
frontogenesis and continually forced
T TY ICAL RECAST F RAPIDLY T IFYIN
EXTRATROPI PRECIPITATI PARAMETERIZATION

Patricia M. Pauley, Research Assistant Professor
Department of Meteorology

Sponsor and Funding:

Office of Naval Research--Marine

Meteorology

OBJECTIVE: To investigate the
influence of cumulus parameterization
on numerical forecasts of rapid
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oceanic cyclogenesis. Diagnoses will
be calculated using datasets
described by Kuo and Low-Nam (1990)




from the PSU/NCAR model, with the
objective of examining the influence
of latent heat release on storm
development.

SUMMARY: This research grant expired
31 December 1991. The primary
activity for Fiscal Year 1992 was to
prepare and present vorticity budget
results at the Fifth Conference on
Mesoscale Processes in January 1992.
These results were based on output
from eight numerical forecasts (four
experiments each for two cases) run
on the PSU/NCAR mesoscale model at
the National Center for Atmospheric
Research. The only difference
between these experiments was in the
computation of latent heat release;
they include the Arakawa-Schubert,
Kuo, and Explicit cumulus
computations, as well as a dry
forecast with no 1latent heating.
Results showed that the Arakaw.

Schubert and Explicit experiments
yielded similar results, with the Kuo
and Dry experiments yielding weaker
cyclones. Spin-up was primarily a
result of convergence at low-levels,
with mid- and upper-level spin-up
showing the influence of the enhanced
vertical motions and therefore
tilting and vertical advections.
Significant differences in 300 mb jet
streaks were also apparent, with
implications for the development of
the surface system. A thesis student
at NPS will be examining these model

forecasts further, «with refereed
publications planned.
CONFERENCE PRESENTATIONS: Pauley,

P.M., "Sensitivity of Forecasts of
Rapid Oceanic Cyclogenesis to the
Parameterization of Convective Latent
Heat Release, Fifth Conference on
Mesoscale Processes, Atlanta, GA, 6-
10 January 1992.

MP. F T D FROM THE FLATLAND ST
RADAR AND FROM A GENERALIZED OMEGA FEQUATTON

Patricia M. Pauley, Research Assistant Professor
Department of Meteorology

Sponsor and Funding:

National Science Foundation

(Subcontract through the University of Wisconsin-Madison)

OBJECTIVE: To compare large-scale
vertical motions measured from the
Flatland ST radar (located near
Champaign, IL) with values calculated
from a generalized form of the omega
equation (based on operational NMC
analyses) .

SUMMARY: This research grant expired
31 October 1991. The primary
activity for Fiscal Year 1992 was to
prepare a paper for refereed
publication. This paper compared
horizontal motions measured by the
Flatland ST radar with opposing beams
and compared the Flatland
measurements with those in
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operational NMC analyses for the
period July-November 1990. The beam-
to-beam comparison allowed a
discussion of the internal
consistency and relative precision of
the radar system. Implications of
this comparison for the radar-
measured vertical velocities were
also discussed. The comparison with

NMC analysis winds demonstrated that
differences between the two were of a
similar magnitude to results from

other studies which compared profiler
winds and rawinsonde measurements. A
second parer discussing the vertical
motion comparison is in the planning
stage.

PUBLICATIONS:

Pauley, P.M., R.L.
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Nastrom, "Comparisons of Horizontal vanZandt, and J.M. Warnock, ‘'Case
Winds Measured by Opposing Beams With Studies of the Vertical Velocity Seen
the Flatland ST Radar and Between by the Flatland Radar Compared with
Flatland Measurements and NMC Indirectly Computed Values,
Analyses, Conditionally accepted for Conditionally accepted for
publication in Journal of Atmospheric publication in Journal of Atmospheric
Oceanic Technology. Oceanic Technology.

Nastrom, G.D., W.L. Clark, R.

CASE STUDIES OF THE ABILITY OF THE NAVY MULTIVARIATE
LATT DEPT ME PHENOMENA

Patricia M. Pauley, Research Assistant Professor
Department of Meteorology
Sponsor and Funding: Naval Research Laboratory, Monterey

OBJECTIVE: To examine the printed analyses with plotted
performance of the Navy MVOI analysis observations from the National
and to use the MVOI analyses to Meteorological Center (NMC). This
investigate atmospheric behavior for comparison revealed an inconsistency
a case from November 1991 with strong in the depiction of jet-level winds
surface winds in Southern California at one of the analysis times. A
and strong jet-level winds. request for high-quality ACARS

aircraft winds for this case has been
SUMMARY: This research gra