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[.  INTRODUCTION a7 ‘AFOSR-TR. 88-0210

Universal Energy Systems, Inc. (UES) was awarded the United States;
Air Force Summer Faculty Research Program on August 15, 1984. The
contract is funded under the Air Force Systems Command by the Air Force
Office of Scientific Research.

The program has been in existance since 1978 and has been conducted
by several different contractors. The success of the program is evident
from its history of expansion since 1978.

The Summer Faculty Research Program (SFRP) provides opportunities
for research in the physical sciences, engineering, 1life sciences,
business, and administrative sciences. The program has been effective in
providing basic research opportunities to the faculty of universities,
colleges, and technical institutions throughout the United States.

The progra.n is available to faculty members in all academic grades: .
instructor, assistant professor, professor, department chairman, and
research facility directors. It has proven especially beneficial to
young faculty members who are starting their academic research programs
and to senior faculty members who have spent time 1in wuniversity
administration and are desirous of returning to scholarly research
programs.

§ Beginning with the 1982 program, research opportunities were
provided for 17 graduate students. The- 1982 pilot student program was
highly successful and was expanded in 1983 to 53 students; there were 84
graduate students in the 1984 program.

In the previous programs, the graduate studesnts were selected along
- with their professors to work on the program. Starting with the 1985
program, the graduate students were selected on their own merits. They
were assigned to be supervised by either a professor on the program or by
an engineer at the Air Force Laboratories participating in the program.
There were 92 graduate students selected for the 1985 program.

Again in the 1986 program, the graduate students were selected on
their own merits, and assigned to be supervised by either a professor on
the program or by an engineer at the participating Air Force Laboratory.
There were 100 graduate students selected for the 1986 prayram.

Fo'low-on research opportunities have been developed for a large
percentage of the participants in the Summer Ffaculty Research Program in
1979-1983 period through an AFOSR Minigrant Program.

On 1 September 1983, AFOSR replaced the Minigrant Program with a
new Research Initiation Program. The Research Initiation Program
provides follow-on research awards to home institutions of SFRP
! participants. Awards were made to approximately 50 researchers in 1983.
_ The awards were for a maximum of $12,000 and a duration of one year or
; less. Substantial cost sharing by the schools contributes significantly
i to the value of the Research Initiation Program. In 1984 there were
approximately 80 Research Initiation awards.
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PREFACE

. O.S AF

35The trited—Stetes—Air—Force Graduate Student Summer Support Program
(USAF-GSSSP) is conducted under the United States Air Force Summer
Faculty Research Program. The program provides funds for selected
graduate students to work at an appropriate Air Force Facility with a
supervising professor who holds a concurrent Summer Faculty Research
Program appointment or with a supervising Air Force Engineer. This is
accomplished by the students being selected on a nationally advertised
competitive basis for a ten-week assignment during the summer
intersession period to perform research at Air Force
laboratories/centers. Each assignment is in a subject area and at an Air
Force facility mutually agreed upon by the students and the Air Force.
In addition to compensation, travel and cost of living allowances are
also paid.™ The USAF-GSSSP is sponsored by the Air Force Office of
Scientific Research, Air Force Systems Command, United States Air Force,
and is conducted by Universal Energy Systems, Inc.

The specific objectives of the 1987 USAF-GSSSP are:

(1) To provide a productive means for the graduate students to
participate in research at the Air Force Weapons Laboratory;

~~ (2) To stimulate continuing professional association among the
Scholars and their professional peers in the Air Force;

S (3) To further the research objectives of the United States Air
Force; /(. ¢

’\(4) To enhance the research productivity and capabilities of the
graduate students especially as these relate to Air Force
technical interests. <y

During the summer of 1987, 101 graduate students participated.
These researchers were assigned to 25 USAF laboratories/centers across
the country. This two volume document is a compilation of the final
reports written by the assigned students members about their summer
research efforts.
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LIST OF 1987 GRADUATE STUDENT PARTICIPANTS

NAME/ADDRESS

Antoinne C. Able
Meharry Medical College
School of Medicine
Nashville TN 37208
(615) 361-5303

Mark T. Anater

Dept. of Polymer Science
University of Akron
Akron, OH 443N

(216) 434-1844

Petar Arsenovic

Dept. of Materials Science
John Hopkins University
Baltimore, MD 21218

(301) 338-8970

Catherine Aubertin

Dept. of Educational Psychology
Southern Illinois University
Carbondale, 'L 6290

(618) 536-7763

David R. Bosch

Dept. of Mechanical/Aero. Eng.
Arizona State University
Tempe, A7 8528

(602) 965-3291

Steven W. Bucey

Dept. of Physics

Kent State University
Kent, OH 44240

(216) 673-1255

John N. Bullock

Dept. of Electrical Engineering
Univ. of Missouri-Rolla

Rolla, MO 65401

(314) 341-3123

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: M.S., Biology, 1982
Specialty: 8iology
Assigned: SAM

Degree: 8.S., Chemistry, 1986
Specialty: Chemistry
Assigned: ML

Degree: M.S., Mechanical & Aerospace
Sciences, 1985

Specialty: Chemistry

Assigned: ML

Degree: M.S., Environmental Design
1982

Specialty: Environmental Design

Assigned:  HRL/MO

Degree: B8.S., Mechanical Engineering
1987

Specialty: Mechanical Engineering

Assigned:  APL

Degree: M.S., Physics, 1986
Specialty: Mechanical Engineering
Assigned: ML

Degree: 8.S., Electrical Eng., 1987
Specialty: Electrical Engineering
Assigned:  APL

ii
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Robyn A. Butcher

Wright State University
Dept. of Biology
Dayton, OH 45435

(513) 886-1784

Kevin P. Cahill

Dept. of Electrical/Comp. Eng.
University of Cincinnati
Cincinnati, OH 45221

(513) 475-4461

David C. Carpenter

Dept. of Nuclear Engineering
Texas A&M University

College Station, TX 77843
(409) 845-4101

Andrew D. Carson

Dept. of Educational Psychology
University of Texas-Austin
Austin, TX 78712-1296

(512) 471-415%

Kyunam Choi

Dept. of Physics and Astronomy
University of New Mexico
Albuquerque, NN 87131

(505) 277-6317

Otis Cosby Jr.

Meharry Medical College
School of Medicine
Nashville, TN 37208
(615) 321-6413

Richard B. Davidson
Dept. of Mathematics
University of Alabama
Birmingham, AL 35205
(215) 933-3720

Tamara Della-Rodolfa

Dept. of Psychology

Indiana Univ. of Pennsylvania
Indiana, PA 15708

(412) 351-2426
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Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Deqree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:
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B.S., Biology, 1987
Biology
AAMRL

B.S., Physics, 1987
Physics
AL

M.S., Nuclear Eng., 1986
Nuclear Engineering
WL

M.S., Human Development 1986
Nuclear Engineering
HRL/MO

M.S., Physics, 1984
Physics
WL

8.S., Natural Science, 1983
Natural Science
SAM

8.S., Math & Computer Sci.
1987

Mathematics

ML

B.S., Psychology, 1986
Psychology
AAMRL
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Steve Dixon Deqree: 8.S., Chemistry, 1986

Dept. of Chemistry Specialty: Chemistry
Wright State University Assigned:  AAMRL

Dayton, OH 45435
(513) B73-2855

James Drakes Degree: B8.S., Physics, 1987
Dept. of Physics Specialty: Physics
Tennessee Space Institute Assigned:  AEDC

Tullanoma, TN 37388
(615) 455-0631

Susan M. Dumbacher Degree: B.S., Aerospace Engr., 198b
Dept. of Aerospace Eng. Specialty: Aerospace Engineering
University of Cincinnati Assigned:  FDL

Cincinnati, OH 45219
(513) 621-0095

Donna N. Edwards Dearee: M.S., Chemistry, 1982
School of Pharmacy Specialty: Chemistry
Florida A&M University Assigned:  OEHL

Tallahassee, FL 32307
(904) 599-3302

kKathy S. Enlow Degree: 8.S., Community Healt:h Care
Dept. of Healty, Physical Ed. 1985

University of Alabama Specialty: Health Care

Tuscaloosa, AL 35487-1967 Assigned: SAM

(205) 348-6075

Thomas Enneking Degree: M.S., Civil Eng., 1978
Dept. of Civil Engineering Specialty: Civil Engineering
University of Notre Dame Assigned:  FDL

Notre Dame, IN 46556
(219) 283-1497

Gloria Fisher Degree: M.S., Industrial/Org. Psych.
Dept. of Psychology 1987

University of Mississippi Specialty: Industrial Psychology
University, NS 386177 Assigned:  DEOMI

(601) 232-5077

Ingo Ford-Belgrave Jeqree: B.S., Biology, 1984
Texas Southern University Specialty: Environmental Pollutants
University, NS 3B6717 Assigned:  OEHL !

(601) 232-5077
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Beverley Gable Degree: M.S., Psychology, 1987

Dept. of Psychology Specialty: Psychology
Ohio University Assigned:  AAMRL
Lancaster, OH 43130
N (614) 654-0602
Deborah Gagnon Degree: 8.S., Psychology, 1987
Dept. of Psychology Specialty: Psychology
State University of New York Assigned:  AAMRL

Amherst, NY 14260
(716) 689-7553

Edward Gellenbeck Degree: M.S., Computer Science, 1985
Dept. of Computer Science Specialty: Computer Science
Oregon State University Assiqned: SAM

Corvaliis, OR 97330
(503) 752-1977

James A. Gerald Degree: 8.S., Electrical Engr., 1987
Dept. of Electrical Eng. Specialty: Electrical Engineering
University of Mississippi Assigned: WL

Universitv, MS 286177
(601) 232-3752

Maurice Gilbert Deqree: M.S., Biomedical Sci., 1983
Dept. of Medicine Specialty: Biomedical Sciences
Meharry Medical College Assigned:  SAM

Nashville, TN 37208
(615) 327-61N

Jeffrey Girard Deqree: M.S., Mechanical Engr., 1982
Dept. of Mechanical Eng. Specialty: Mechanical Engineering
Washington State University Assiqned: ESC

Pullamn WA 99164
(509) 335-8654

B8everly Girten Degree: M.S., Exercise Physiology
Dept. of Exercise Physiology 1983

Ohio State University Specialty: Exercise Physiology
Columbus, OH 43210 Assigned:  AAMRL

(614) 292-1223

Laura Giusti Deqree: B.S., Psychology, 1986
Dept. of Psychology Specialty: Psychology
San Diego State University Assigned:  AAMRL

San Diego, CA 92182
(412) 833-3912
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Nadia Greenridge Degree: M.S., Anthropology, 1984

Dept. of Anthropology Specialty: Anthropology
New York University Assigned:  AAMRL

New York City, NY 0760
(212) 598-3258

Thomas Harkins Deqree: B.S., Mech. Engr., 19Bb6
Dept. of Mechanical Eng. Specialty: Mechanical Engineering
Louisiana State University Assigned: AD

Baton Rouge, LA 70808B
(505) 766-36M

Deborah Hollenbach Deqree: B.S., Biology, 1986
Dept. of Biology Specialty: Biology
University of Dayton Assigned:  AAMRL

Dayton, OH 45432
(513) 259-2135

Adrienne Hollis Degree: 8.S., Biology, 1986
Dept. of Biomedical Sciences Specialty: Biology
Meharry Medical College Assigned: SAM

Nashville, TN 37208
(615) 327-6221

Stephen Huyer Degree: B.S., Aerospace Engr., 1986
Dept. of Aerospace Engineering Specialty: Aerospace Engineering
University of Colorado Assigned:  FJSRL

Boulder, CO 80309
(303) 444-63-68

David James Degree: B.S., Computer Sci., 1985
Dept. of Math Specialty: Computer Science
tastern I1linois University Assigned:  AtDC

Charieston, IL 61320
(217) 581-2028

George James, III Degree: M.S., Aerospace Engr., 1986
Dept. of Aerospace Eng. Specialty: Aerospace Engineering
Texas ASM University Assigned: RPL

College Station, TX 77843-3141
(409) B845-3947

Stephen R. Jenei Degree: 8.S., Biology, 19B6
Dept. of Biology Specialty: Biology
University of Dayton Assigned:  AAMRL {

Dayton, OH 45469-0001
(513) 229-2135
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Kenneth Jenks Degree: 8.S., Computer Sci., 1985
Dept. of Aero/Astronautical Eng. Specialty: Computer Science
University of Illinois Assigned: WL
Urbana, IL 61801
(217) 244-0743
Michele Johnson Degree: 8.S., Electr. Eng., 1984
School of Electrical Engr. Specialty: Electrical Engineering
Cornell University Assigned: RADC
Ithaca, NY 14853
(607) 255-4304
Scharine Kirshoff Degree: M.S., Geology, 1986
Dept. of Geology Specialty: Geology
University of Alaska Assigned: AFGL
Fairbanks, AL 99503
(907) 474-72174
Gary Lake Degree: M.S., Industrial Engr., 1985
Dept. of Industrial Eng. Specialty: Industrial Engineering
University of Houston Assigned:  OEHL
Houston, TX 77035
(7113) 749-2538

4 David Landis Degree: 8.S., Civil Eng., 1986
Dept. of Civil Engineering Specialty: Civil Engineering
Auburn University Assigned: ESC
Auburn, AL 36849
(205) 826-4320
Sharon Landis Deqree: 8.S., Computer Engr., 1986
Dept. of Computer Sci./Eng. Specialty: Computer Engineering
Auburn University Assigned: ESC
Aubyrn, AL 36849
(205) 826-4330
Craig Langenfeld Degree: 8.S., Mechanical Engr., 1986
Dept. of Mechanical Eng. Specialty: Mechanical Engineering
Ohio State University Assigned: APL
Columbus, OH 43210
(614) 268-2176
Christopher Leger Degree: 8.S., Mechanical Engr., 1986
Dept. of Mechanical Eng. Specialty: Mechanical Engineering

" Louisiana State University Assigned: AD
Baton Rouge, LA 70893
(504) 334-2453
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Bruce Liby Degree: M.S., Physics, 1984

Dept. of Physics/Astronomy Specialty: Physics
University of New Mexico Assigned: WL

Albuquergque, NM B7107
(505) 2771-2616

A. Jeannine Lincoln Degree: B.S., Biochemistry, 19817
Dept. of Biomedical Sciences Specialty: Biochemistry
Wright State University Assigned: AAMRL

Dayton, OH 45435
(513) 873-2504

Yolanda Malone Degree: B.S., Chemistry, 1985
School of Medicine Specialty: Chemistry
Meharry Medical College Assigned: SAM

Nashville, TN 37208
{615) 321-0939

Randal Mandock Deqree: M.S., Atmospheric Sci., 1986
Dept. of Mechanical Eng. Specialty: Atmospheric Sciences
Georgia Institute of Tech. Assigned:  OEHL

Atlanta, GA 30332
(404) 894-3776

James W. Mattern Degree: 8.S., Computer Engr., 1986
Dept. of Physics/Electr. Eng. Specialty: Computer Engineering
Oregon Graduate Center Assigned: AD

Beaverton, OR 97005
(503) 690-1130

Matthew McBeth Degree: B.S., Computer Sci., 1986
Dept. of Elect./Biomedical Eng. Specialty: Computer Science
Vanderbilt University Assigned:  AEDC

Nashville, TN 37235
(615) 322-2161

Jennifer B. McGovern Degree: M.S., Psychology, 1987
Dept. of Psychology Specialty: Psychology
University of Florida Assigned: SAM

Gainesville, FL 32611
(904) 392-0605

Roland Medellin Degree: 8.S., Biology, 1987
Dept. of Biology Specialty: Biology
Brown University Assigned:  OEHL (

Providence, RI 02912
(401) 273-7646
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Otto M. Melko Deqree: M.S., MNath, 1982
Dept. of Mathematics Specialty: Mathematics
University of California Assigned: AD

Santa Cruz, CA 95064
(408) 429-2085

Ethar S. Merrill Degree: B8.S., Civil Engr.
Dept. of Engineering Specialty: Civil Engineering
University of Mississippi Assigned:  ESC

Greenville, MS 38701
(904) 283-2942

Veronica Minsky Degree: B.S., Linguistics, 1978
Dept. of Computer Science Specialty: Linquistics
Middle Tennessee State Univ. Assigned:  AEDC

Murfreesboro, TN 37217
(615) 898-2669

Frank W. Moore ' vegree: B.S., Computer Engr., 1986
Dept. of Computer Sci./Eng. Specialty: Computer Engineering
Wright State University Assigned: AL

Dayton, OH 45435
(513) 873-3515

Stephen Morgan Degree: B.S., Psychology, 1984
Dept. of Psycholcygy Specialty: Psychology
Montclair State College Assigned:  HRL/LR

Upper Montclair, NJ 07043
(201) 893-4000

Lisa Morris Degree: B8.S., Biology, 1985
Biology Department Specialty: Physiology
University of Dayton Assigned:  AAMRL

Physiology Laboratory
300 College Park Avenue
Dayton, OH 45469-0001
(513) 229-2135

Conrad Murray Degree: M.S., Biochemistry, 1986
School of Medicine Specialty: Biochemsitry
Meharry Medical College Assigned:  SAM

Nashville, TN 37208
(615) 321-5837

Steven Naber Degree: M.S., Statistics, 1984
Dept. of Statistics Specialty: Statistics
Ohio State University Assigned:  OEHL

Columbus, OH 4320
(614) 421-6647
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Jerome Nadel Degree: B.S., Psychology, 1980
Dept. of Psychology Specialty: Psychology
University of Kansas Assigned:  HRL/OT

Manhattan, KS 66506
(913) 532-6850

Victoria Nasman Degree: M.S., Psychology, 1984
Dept. of Psychology Specialty: Psychology
Northwestern University Assiqgned:  SAM

Evanston, IL 60201
(312) 491-7643

Mark Neumeier Degree: M.S., Psychology, 1984
Dept. of Mechanical Systems Specialty: Psychology
Wright 5State University Assigned: SAM

Dayton, OH 45435
(513) 873-2476

Khan Nguyen Degree: M.S., Mathematics, 1984
Dept. of Mechanical Eng. Specialty: Mathematics

University of Chicago-Illinois Assigned: APL
Chicago, IL 60607
(312) 849-1362

Wendy Nguyen Degree: B.A., Biology, 1987
Dept. of Biology Specialty: 8iology
Trinity University Assigned: SAM

715 Stadium Drive
San Antonio, TX 78284
(512) 7136-7231

Bernadette Njoku Degree: 8.S., Chemistry, 1982
Dept. of Chemistry Specialty: Chemistry
Meharry Medical College Assigned: SAM

Nashville, TN 37208
(615) 327-4098

Charles Norfleet Deqree: B.S., Engineering Mechanics,
Dept. of Civil Eng./Mechanics 1986

Southern I1linois University Specialty;: Engineering Mechanics
Carbondale, IL 62901 Assignel: ML

(618) 536-2368

Douglas Phillpott Degree: 8.S., Chemical Engr., 1984
Dept. of Management Specialty: Chemical Engineering
Auburn University Assigred: LMC

Auburn, AL 36830
(205) 887-3889
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Susan Poppens

Dept. of Computer Science

University of Missouri
Rolla, MO 65401
(314) 341-440N

Mark Prazak

Dept. of Chemistry
Wright State University
Dayton, OH 45371

(513) 873-2855

Mark Reavis

Aerospace Dept.
University of Colorado
College of Engineering
Campus Box 429
Boulder, CO 80309

Peter Riddiford

Dept. of Electrical Eng.
Ohio State University
Columbus, OH 43210
(614) 292-1752

Keith Riese

Dept. of Electrical Eng.
University of Nebraska
Lincoln, NE 6858B-0511
(402) 472-31N"

Mary Robinson

Dept. of Health
University of Alabama
Scottsboro, AL 35768
(205) 259-5342

Filiberto Santiago
Dept. of Mechanical Eng.

University of Puerto Rico

Mayaguez, PR 00708
(809) 834-4040
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Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xi

L I . T .

B.S., Math/Comp. Sci., 1985
Math/Computer Science
ESMC

B.S., Chemistry, 1986
Chemistry
ML

B.S., Aerospace, 1987
Aerospace
FJSRL

B.S., Electrical Eng., 1987
Electrical Engineering
FDL

M.S., Electrical Eng., 1972
Electrical Engineering
SAM

B.S., Sociology, 1976
Sociology/Psychology
SAM

M.S., Mechanical Eng., 1987
Mechanical Engineering
AEDC
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Gregory Schoeppner

Dept. of Civil Engineering
Ohio State University
Columbus, OH 43210

(614) 436-3392

James Seaba

Dept. of Mechanical Eng.
University of Iowa

Towa City, IA 52242
(319) 335-5681

Jon Shupe

Dept. of Mechanical Eng.
University of Houstcn
Houston, TX 77004

(7113) 749-7497

Christopher Sierra

Dept. of Mechanical Eng.
University of lowa

Iowa City, IA 52241
(319) 337-6205

Gregory Sloan

Dept. of Physics/Astronomy
University of Wyoming
Laramie, WY 8207

(307) 766-6150

Elisabeth Smela

Dept. of Electrical Eng.
University of Pennsylvania
Philadelphia, PA 19104
(215) B9B8-8548

Rita Smith

Dept. of Mechanical Eng.
University of New Mexico
Albuquerque, NM 87111
(505) 275-2061

Brian Spielbusch

Dept. of Electrical Eng.
University of Missouri
Independence, MO 64050
(816) 476-1250

Deqree:
Specialty:
Assigned:

Degree:
Soecialty:
Aisigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Assigned: .

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xii

M.S., Civil Engr., 1984
Civil Engineering
FOL

M.S., Mechanical Engr., 1986
Mechanical Engineering
APL

M.S., Mechanical Engr., 1985
Mechanical Engineering
ML

B.S., Mechanical Engr., 1986
Mechanical Engineering
FDL

8.S., Physics/Astronomy 1985
Physics/Astronomy
AFGL

B.S., Physics, 1985
Physics
ML

B8.S., Mechanical Engr., 1979
Mechanical Engineering
WL

B.S., Electrical Engr., 1985
Electrical Engineerirg
WL
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Louise Stark Deq: =e: B.S., Computer Engr., 1986
Dept. of Computer Engineering Specialty: Computer Engineering
University of South Florida Assigned:  RADC

Tampa, FL 33612
(813) 971-9625

J
Steven Steinsaltz Degree: M.S., Mathematics, 1985
Dept. of Math Specialty: Mathematics
John Hopkins University Assigned:  RADC
Baltimore, ND 21218
(301) 338-8000
John Stewman Degree: B.S., Computer Engr., 1986
Dept. of Computer Sci./Eng. Specialty: History
University of South Florida Assigned:  RADC
St. Petersburg, FL 33702
(813) 577-9029
Tod Strohmayer Degree: MN.S., Physics, 1987
Dept. of Physics/Astronomy Specialty: Physics/Astronomy
University of Rochester Assigned:  AFGL
Rochester, NY 14608
(716) 325-3019
4 Teresa Taylor Deqree: M.S., Geological Engr., 1984
Dept. of Civil & Environ. Eng. Specialty: Geological Engineering
University of Washington Assigned:  ESC
Puliman, WA 99164-2902
(509) 335-8546
Tien Tran Degree: B.S., Electrical Engr., 1980
Dept. of Electr. & Comp. Eng. Specialty: Electrical Engineering
University of Cincinnati Assigned:  RADC
Cincinnati, OH 45221
(513) 851-7350
B
John Usher Deqree: M.S., Industrial Engr., 1986
Dept. of Industrial Eng. Specialty: Chemical Engineering
Louisiana State University Assigned: ML
Baton Rouge, LA 70816
(504) 388-5112
Pretta VanDible Degree: M.S., Chemical Engr., 1986
Dept. of Chemical Engineering Specialty: Chemical Engineering
le Prairie View A&M University Assigned: RPL
Houston, TX 77446
(7113) 857-28217
xiii
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William VanValkenburgh Degree: B.S., Computer Science, 1986
Dept. of Computer Science Specialty: Computer Science
Western Michigan University Assigned: AL

Kalamazoo, MI 49008
(616) 385-5461

Joseph Varga Degree: M.S., Physics, 1978
Dept. of Physics Specialty: Physics
Kent State University Assigned: ML

Kent, OH 44242
(216) 672-2246

D:2borah Vezie Degree: 8.5., Biomedical Engr., 1987
Dept. of Chemical, Biomedical specialty: Biomedical Engineering
Materials Engineering Assigned: ML

University of Arizona
Tempe, AZ 85281
(602) 784-8221

James Wade Degree: 8.S., Physics, 1986
Dept. of Astronautical Eng. Specialty: Astronautical Engineering
University of Illinecis Assigned: WL

Urbana, IL 61801
(217) 244-1743

Randall Westhoff Degree: B.S., Mathematics, 1986
Dept. of Mathematics Specialty: Mathematics

tastern Washington University Assigned: AD
Cheney, WA 99004
(509) 359-6225

Terri Wilkerson Degree: 8.S., Electrical Eng., 1985
School of Medicine Specialty: Electrical Engineering
Wright State University Assigned:  AAMRL

Dayton, OH 45324
(513) B73-2934

Douglas Wise Deqree: B.S., Mechanical Engr., 1986
Dept. of Mechanical Eng. Specialty: Mechanical Engineering
University of Dayton Assigned: ML

Oakwood, OH 45419
(513) 298-9073

xiv
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C. PARTICIPANT LABORATORY ASSIGNMENT (Page 1)

1987 USAF/UES GRADUATE STUDENT SUMMER SUPPORT PROGRAM

AERO PROPULSION LABORATORY (AFWAL/APL)

(Wright-Patterson Air Force Base)

1. David R. Bosch 4. Khan V. Nguyen
2. John N. Bullock 5. James P. Seaba
3. Craig A. Langenfeld

ARMAMENT LABORATORY (AD)

(Eglin Air Force Base)

1. Thomas K. Harkins 3. Otto M. Melko

2. Christopher Leger 4. Randall F. Westhoff

ARMSTRONG AEROSPACE MEDICAL RESEARCH LABORATORY (AAMRL)
(Wright-Patterson Air Force Base)

1. Robyn A. Butcher 8. Nadia C. Greenidge

2. Tamara Della-Rodolfa 9. Deborah E. Hollenbach
3. Steve L. Dixon 10. Stephen R. Jenei

4. Beverley A. Gable 11. A. Jeannine Lincoln
5. Deborah Gagnon 12. Lisa M. Morris

6. Beverly E. Girten 13. Terri i.. Wilkerson

7. Laura M. Giusti

ARNOLD ENGINEERING DEVELOPMENT CENTER (AEDC}
(Arnold Air Force Station)
1. James A. Drakes 4. Veronica L. Minsky
2. David L. James 5. Filiberto Santiago
3. Matthew B. McBeth

AVIONICS LABORATORY (AFWAL/AL)
(Wright-Patterson Air Force Base)
1. Kevin Cahill 3. Frank W. Moore
2. James W. Mattern 4. William B. VanValkenburgh

DEFENSE EQUAL OPPORTUNITY MANAGEMENT INSTITUTE (DEOMI)
(Patrick Air Force Base)
1. Gloria Z. Fisher

EASTERN SPACE AND MISSILE CENTER (ESMC)
(Patrick Air Force Base)
1. Susan A. Poppens

ENGINEERING SERVICE CENTER (ESC)
(Tyndall Air Force Base)
1. Jeffrey Girard 4. Ethan S. Nerrill

2. David W. Landis 5. Teresa A. Taylor
3. Sharon K. Landis

xvi
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C. PARTICIPANT LABORATORY ASSIGNMENT (Page ¢)

FLIGHT DYNAMICS LABORATORY (AFWAL/FDL)
(Wright-Patterson Air Force Base)

FRANK Y. SEILER RESEARCH LABORATORY (FJSRL)
(USAF Academy)
1. Stephen A. Huyer

i 2. Mark A. Reavis

GEOPHYSICS LABORATORY (AFGL)
(Hanscom Air Force Base)

? 1. Scharine Kirchoff

2. Gregory C. Sloan

3. Tod E. Strohmayer

HUMAN RESOURCES LABORATORY/LR (HRL/LR)
(Wright-Patterson Air Force Base)
1. Stephen Morgan

HUMAN RESOURCES LABORATORY/MO (HRL/MO)
(Brooks Air Force Base)
1. Catherine A. Aubertin
2. Andrew D. Carson

HUMAN RESOURCES LABORATORY/OT (HRL/OT)
(Williams Air Force Base)
1. Jerome I. Nadel

LOGISTICS MANAGEMENT CENTER (LMC)
(Gunter Air Force Station)
1. Douglas E. Phillpoctt

MATERIALS LABORATORY (AFWAL/ML)

(Wright-Patterson Air Force Base)

1. Mark T. Anater 1. Jon A. Shupe

2. Petar Arsenovic 8. Elisabeth Smela

3. Steven W. Bucey 9. John M. Usher

4. Richard B. Davidson 10. Joseph C. Varga

5. Chariles W. Norfleet 11. Deborah L. Vezie
6. Mark Prazak 12. Douglas L. Wise

OCCUPATIONAL AND ENVIRONMENT HEALTH LABORATORY (OEHL)
(Brooks Air Force Base)

1. Donna N. Edwards 4, Randal L. Mandock

2. Inge B. Ford-Belgrave 5. Roland A. Medellin

3. Gary F. Lake 6. Steven J. Naber
xvii
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! 1. Susan M. Dumbacher 4. Bryan P. Riddiford
1 2. Thomas J. Enneking 5. Gregory A. Schoeppner
\ 3. Mark E. Neumeier 6. Christopher Sierra
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C. PARTICIPANT LABORATORY ASSIGNMENT (Page 3)

ROCKET PROPULSION LABORATORY (RPL)
(Edwards Air Force Base)
1. George H. James, III
2. Pretta L. VanDible

ROME AIR DEVELCPMENT CENTER (RADC)
(Griffiss Air Force Base)
1. Michele E. Johnson
2. Louise Stark
3. Steven J. Steinsaltz

SCHOOL OF AEROSPACE MEDICINE (SAM)
(Brooks Air Force Base)

Antoinne C. Able

Otis Cosby, Jr.

Kathy S. Enlow

Edward M. Gellenbeck

Maurice B. Gilbert

Adriein~ L. Hollis

Yolanda A. Malone

-y BN —
s s e e o o

WEAPONS LABORATORY (WL)
(Xirtland Air Force Base)

David C. Carpenter

Kyunam Choi

James A. Gerald

Kenneth C. Jenks

H LW —
e o o o

10.
1.
12.
13.
14.

D~ O

xviii
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John H. Stewman
Tien N. Tran

Jennifer B. McGovern
Conrad R. Murray

Victoria T. Nasman

Wendy T. Nguyen
Bernadette Patricia Njoku
Keith A. Riese

Mary C. Robinson

Bruce Liby

Rita Smith

Brian K. Spielbusch
James W. Wade
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RESEARCH REPORTS

1987 GRADUATE STUDENT SUMMER SUPPORT PROGRAM

Technical
Report
Number Title Graduate Researcher
Volume 1
1 Effect of Repeated Low Dose Soman On Antoinne C. Able
Acetylcholinesterase Activity
*** Same Report as Prof. Maleque ***
2 Synthesis of an Aromatic Heterocyclic Mark T. Anatar
Terphenyl Monomer
3 Characterization of Graphite Fibers Petar Arsenovic
by X-ray Diffraction
4 An Eight-Domain Framework for Under- Catherine A. Aubertin
standing Intelligence and Predicting
Intelligent Performance
***Same Report as Prof. Dillon***
5 Configuration Factors for Spacecraft/ David R. Bosch
Expansible Radiator Interaction
6 Computer Evaluation of lon-Implanted Steven W. Bucey
Dopant Profile Evolution During
Annealing
1 The Interface Contribution to GaAs/Ge John N. Bullock
Heterojunction Solar Cell Efficiency
***Same Report as Prof. Wu***
. B Isolation of Osteogenic Cells From The Robyn A. Butcbher
, Trauma-Activated Periosteum
9 A Test Chip for Evaluation of MBE Kevin Cahill
Epitaxial Layers for Novel Device
Applications
wxxSame Report as Prof. Roenker***
o 10 Preliminary Thermal Analysis of a David C. Carpenter
i Bimodal Nuclear Rocket Core
1 Air Force Officer Selection Revisited: Andrew D. Carson
Entertaining The Possibilities for
N Improvement
.a wx*Same Report as Dr. Appel***
xx
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|
i
12 Construction of a Phase Conjugate Laser Kyunam Choi !
Resonator Using Brillouin Enhanced !

Four Wave Mixing i

1

!

{

i

I

|

13 Effect of Repeated Low Dose Soman On Otis Cosby, Jr.
) Acetylcholinesteease Activity
»**Same Report as Prof. Maleque***

14 Ten Weeks of Literature Searches Richard 8. Davidson
and Copying

|
S5 Ambiguity and Probabilistic Inference Tamara Della-Rodolfa !
in a Missile Warning Officer Task ;

wx*Same Report as Prof. Robertson*** j

!

|

16 Modeling Rates of Halocarbon Metabolism Steve L. Dixon
) (VMAX) Using Quantitative Structure-
Activity Relationships (QSAR)

17 Directed Motion Doppler Shift Effects on James A. Drakes
Mitric Oxide (0,0) Gamma Band Resonance
Absorption

18 Preliminary Applications of Susan M. Dumbacher f
Decentralized Estimation to Large
Flexible Space Structures

19 Disposal of Chemotherapeutic Wastes Donna N. Edwards
) . ***Same Report as Dr. Masingale***

20 Validity of Heat Index as Indicator of Kathy S. Enlow
Level of Heat Storage for Personnel
Wearing Protective Clothing in Hot
Environments

21 Investigation into the Applicability Thomas J. Enneking
of Fracture Mechanics Techniques to
Aircraft Wheel Life Studies

22 Construction and Preliminary Validgation Gloria Z. Fisher
) of an Equal Opportunity Climate

Assessment Instrument

wxxSame Report as Prof. Landis***

23 An Analysis of the Mutagenicity of Inge B. Ford-Belgrave
Beryllium Compounds Using the Ames Test

24 The Effects of High Noise Levels on the Beverley A. Gable

Acoustic-Pho.~tic Structure of Speech:
A Preliminary Investigation

xxi
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25

26

21

28

29

30

31

32

33

34

35

36

317

38

The Effect of Attentional Focus Level on
Task Performance Utilizing Information
From Different Stimulus Structure Levels

Providing On-Line Guidance To Computer
Users

Mode Extraction From an Electromagnetic
Slow Wave System

Mesopic Visual Performance With and
Without Glare in Contact Lense
Wearers

Ground Run-Up Afterburner Detection
and Noise Suppression

Alterations of Segmental Volume During
Orthostatic Stress in Nonhuman Primates

Designing Simulator Tasks to Study
the High Speed, Low Altitude
Environment

A Comparative Study of the Thoraco-
Lumbar Transition Vertebrae In MACACA
Mulatta and PAPIO Anubis

Six Degree of Freedom Simulation
C.mputer Program for Aeroelastic
Free-Flight Projectiles

Sustained Delivery of Volatile
Chemicals By Means of Ceramics
***xSame Report as Dr. Bajpai***

The Effects of Hyperbaric Oxygen and
Antioxident Deficiencies on Rat
Retinal Ultrastructure

A Comparative Study of Differing Vortex
Structures Arising in Unsteady
Separated Flows

Perturbed Functional Iteration Applied
to the Navier-Stokes Equations

An Optical Sensor System for Monitoring

Structural Dynamics with Applications
to System Identification

xxii
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Deborah Gagnon

Edward M. Gellenbeck

James A. Gerald

Maurice B. Gilbert

Jeffrey Girard

Beverly E. Girten

taura M. Giusti

Nadia C. Greenidge

Thomas K. Harkins

Deborah E. Hollenbach

Adrienne L. Hollis

Stephen A. Huyer

David L. James

George H. James, III
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39

40

LY

42

43

44

45

46

47

4B

49

50

5

52

53

LGN

Delivery of Inhibin by ALCAP Drug
Delivery Capsules

No Report Submitted

A System to Investigate Synthesized
Voice Feedback in Man-Machine
Interfaces

A Study of Small, Shallow Earthquakes
and Quarry Blasts in Healy, Alaska

A Study of Service Demand Distribution
and Task Organization for the Analysis
of Environmental Samples and Associated

Support Services at the USAF Occupational

and Environmental Health Laboratory -
Brooks AFB, San Antonio, TX

**xxSame Report as Dr. Deal***

Wave Propogation in Layered Structures

Installation of the Adina FEM Computer
Programs

Experimental Study of Isothermal Flows
in a Dump Combustor

A Computer Simulation of a Plasua
Armature Railgun

Investigation of Laser Diode Coupling
Using Nonlinear Optics

Isolation of Osteogenic Cells From
The Trauma-Activated Periosteum

The Effects of Cataract Surgery on
Pupillary Response

Liquid Scintillation Counting with the
Packard 1500 Analyzer

De-embedding S-parameter Measurements
Using TSD Technique

An Expert System for Diagnosis and
Repair of Analog Circuits

xxiii

Stephen R. Jenei

Kenneth C. Jenks

Michele E. Johnson

Scharine Kirchoff

Gary F. Lake

David W. Landis

Sharon K. lLandis

Craig A. Langenfeld

Christopher Leger

Bruce Liby

A. Jeannine Lincoln

Yolanda A. Malone

Randal L. Mandock

James W. Mattern

Matthew B. McBeth
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Volume 1]
54

59

56

51

58

59

60

61

62

63

64

% 65

66

Physiological Monitoring Methodology in

the USAFSAM Centrifuge

Methods of Quantifying and Enhancing
Reactive Oxygen Species Production

Applications of Differential Geometry
to the Shape Analysis of Gray-Value
Images

Ozonation of Firefighter Training
Facility Wastewater and its Effect
on Biodegradation

*xxSame Report as Dr. Truax***

The Feasibility of a Laboratory Infor-
mation Management System for the
Analytical Chemistry Laboratory

Investigation of the Potential Impact
of New Photonic Materials on Optical
Processing Systems

A Review of Workload Measurement in
Relation to Verbal Comprehension

Development of a Long Term Solvent
Delivery System

t2w Sensitive Flourometric Method
for the Analysis of Submicrogram
Quantities of Cholesterol
*xxxSame Report as Prof. Price***

Model-free Statistical Analyses of
Contaminated Ground Water
**xSame Report as Prof. Verducci***

A Human Factors Evaluation of the
Advanced Visual Technology System
(AVTS) Eye Tracking Oculometer

The Effects of Increased Cognitive
Demands on Autonomic Self-Regulation:
An Indicatu, of Parallel Processing
in the Brain

No Report Submitted

xxiv

Jennifer B. McGovern

Roland A. Medellin

Otto M. Melko

Ethan S. Merrill

Veronica L. Minsky

Frank W. Moore

Stephen Morgan

Lisa M. Morris

Conrad R. Murray

Steven J. Naber

Jerome 1. Nadel

Victoria T. Nasman

Mark E. Neumeier
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67

68

69

10

n

12

13

14

15

16

11

18

19

80

81

Vaporization Behavior of Muiticomponent
Fuel Droplets in a Hot Air Stream
**xSame Report as Dr. Aggarwal***

Growth Curve and Phototaxis Assays of
Axenic Chlamydomonas reinhardtii 125

Microesotropia Patients Perform Well
as Military Jet Pilots

Determination of Lumped-Mass Thermal
Properties Associated with Autoclave
Curing of Graphite/Epoxy Composites

Equitable Safety Stocks for USAF
Consumable Items

Investigation of Expert System Design
Approaches for Electronic Design
Environments

Thermal Stability Characteristics of
a Nonflammable Chlorotrifluorethylene
CTFE Base Stock Fluid

Control and Use of Unsteady Flows:
Insect Use of Various Wing Kinematics
and Related Pressure Measurements
Using a Pitching Airfoil

Aircraft Refueling Demonstrator Using
a Microbot Alpha II Robot

Influence of Moving Visual Environment
on Saccadic Eye Movements and Fixation

Thermal Stress and its Effects on Fine
Motor Skill and Decoding Tasks

Design of a Mechanism to Control Wind
Tunnel Turbulence

Low Velocity Impact of Graphite/Epoxy
Plates
**x*Same Report as Prof. Wolfe***

Experimental Research of Tombustion
Systems

The Integration of Decision Support
Problems into Feature Modeling Based
Design

xXxXv

Khan V. Nguyen

Wendy T. Nguyen

Bernadette P. Njoku

Charles W. Norfleet

Douglas E. Phillpott

Susan A. Poppens

Mark Prazak

Mark Reavis

Bryan P. Riddiford

Keith A. Riese

Mary C. Robinson

Filiberto Santiago

Gregory A. Schoeppner

James P. Seaba

Jon A. Shupe
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82

83

84

85

8t

81

88

89

90

9

92

93

94

95

Optimal Control of the Wing Rock
Phenomenon

Calibration and Data Reduction
Technigues for the AFGL Infrarzd
Array Spectrometer

Thermal conductivity of isotopically
pure semiconductors, superlattices,
semiconductor alloys, and semiconductors
as a function of temperatures; control
of the segregation coefficient in LEC
crystal growth; and photo-Hall measure-
ments of GaAs

Predicting Optical Degradation of a
Laser Beam Through a Turbulent Shear
Layer

Experimental Verification of Imaging
Correlography
*x*Same Report as Dr. Knopp***

An Aspect Graph-Based Control Strategy
for 3-D Object Recognition

Linear Programming for Air Force
Decision Aiding

Creating Aspect Graphs for Use in
Object Recognition

Analysis of Emission Features in IRAS
LRS Spectra

Centrifuge Modeling of Projectile
Penetration in Dry, Granular Soil

Optical Interconnections for Digital
Image Coding

An Investigation of Performance
Improvement in Knowledge-Based
Control Systems

Computer Modelin for Surface Properties
of Carbon Fibers

An Advanced Vision System Testbed
*x*Same Report as Prof. Trenary***

xxvi

Christopher Sierra

Gregory C. Sloan

Elisabeth Smela

Rita Smith

Brian K. Spielbusch

Louise Stark

Steven J. Steinsaltz

John H. Stewman

Tod E. Strohmayer

Teresa A. Taylor

Tien N. Tran

John M. Usher

Pretta L. VanDible

William B. VanValkenburgh
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96

Numerical Calculations of Dopant
Diffusion involving flashlamp heating
of silicon

Joseph C. Varga

97 Scanning Electron Microscopy of PBO, Deborah L. Vezie
PBT, and Kevlar Fiber i
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{:‘. PHYSIOLOGICAL MONITORING METHODOLOGY IN THE USAFSAM

" CENTRIFUGE

,:l:g by

iy Jennifer B. McGovern

3 ABSTRACT

Loss of consciousness due to +Gz (G-LOC) has been
identified as a cause of many mishaps and loss of
aircrews and aircraft. Previous studies have

suggested that physiological measures, especially the

P e
.

EEG, would be useful to monitor pilot consciousness.

This effort endeavored to define appropriate

>

methodologies (including electrode placement and

g o

choice of electrode) for use in a USAFSAM Centrifuge

study of deliberate G-LOC. Physiological signals to

¢
O

»
()

be monitored included EEG, EMG, EO0G, ear oximetry, and
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respiratory sounds.
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PHYSIOLOGICAL MONITORING METHODOLOGY IN THE USAFSAM

CENTRIFUGE

I. INTRODUCTION: Loss of consciousness due to +Gz (G-LOC)

has beein identified by the U.S. Air Force as the cause of
multiple mishaps resulting in the loss of aircrew and
aircraft. A previous study conducted by Lewis, et al.
(1987) demonstrated changes in the electroencephalograms
of subjects undergoing deliberate G-LOC on the USAFSAM
Centrifuge. My work this summer was a continuation of
work I began in summer 1986 which was in direct suppo:t of
efforts to replicate and extend the research being
conducted at USAFSAM on identification of G-LOC.

The follow-on testing included a battery of

electrophysiological measures: electroencephalogram

(EEG) , electromyogram (EMG), electrooculogram (EOG),
electrocardiogram (EKG), ear oximetry, respiratory sounds,
and force of hand on stick. My participation in this
study stems from my work at the University of Florida
which has concentrated on electrophysiological measures
(especially EEG and EMG) of information processing
primarily under stressful environmental conditions. The
EEG placements were selected from the International 16/20
System (a standardized montage for EEG collection). I

conducted a literature search and consulted with a number
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of experts in physiology and acceleration to determine the
most appropriate placements for the EMG electrodes (Frost,
1987, Gillingham, 1987). Considerations for these
placements included reduction of noise due to motion
artefact, use of primarily large muscle groups, and use of
muscles that are important to the Ll anti-G straining
manoeuver. Preliminary testing of the montage included
selection of electrodes for use in the centrifuge. Grass
metal EEG electrodes were attached to the scalp using
Collodion, a standard clinical procedure (Frost, 1987).
EMG electrodes were selected from a variety of choices
including Beckman plastic cup electrodes and a number of
EKG electrodes differing in size, shape, and make-up.
Those electrodes returning the best signals while
providing optimum comfort for the subjacts and strongest
adhesion were selected for use in the centrifuge. EKG
electrodes were placed in the standard five lead, central
measure configuration. Prior to the centrifuge study I
participated in training the technicians, recruitment of
subjects, both into the G-LOC study and into the USAFSAM
Centrifuge generic panel (a subject pool for all
centrifuge studies at USAFSAM), and I aided with
scheduling the preliminary study on the centrifuge.

During the study itself I Instrumented subjects and
oversaw the instrumentation of subjects by technicians.

After the preliminary centrifuge study, I participated in
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troubleshooting the electronic circuitry. There were

problems in the head mounted preamplification system, the

Data Inc. preamplification system, and the centrifuge
slip-rings (and electrical system for removal of data from
the centrifuge). Modifications included redesign of the
head mounted preamplifier, removal of the Data, Inc,
preamplifiers from the data collection loop, and
implementation of an onboard data collection system. Dr.
Lewis will continue in that vein. Options include a
multiplexing data collection system and a solid state data

recorder.

II. OBJECTIVES OF THE RESEARCH EFFORT: Selection of the

best physiological signals to record for determination of
inflight G-LOC is the primary objective of this research.
Secondary goals include finding a minimum number of
required recording sites and final determination of best
type of electrodes for this use as well as capability for

realtime, online, inflight data collection.

IIlI. SELECTION OF ELECTRODE SITES: EEG electrodes were

placed in accordance with the International 10/20 System.

Sites were chosen on the basis of accepted centers of

X
5-

3

brain activity. Five sites were recorded: a frontal

(F3), two centrals (Cz and C4), a parietal (P3), and an

AP I

.
3

occipital (02). These were referenced to linked mastoids.
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Electrodes were attached to the scalp with Collodion

-

U.S.P. Aquasonic electrode gel was used. Impedances were
below 4 for all subjects.

EMG electrode placements were determined by first
considering the muscles required to perform a good Ll

anti-G straining manoeuver. This manoeuver requires the

7 A

T

subject to contract all the muscles in the body to

increase the systemic blood pressure. Another requirement
\

L4

for measuring EMG included placing the electrodes such
that movement artefact due to pressure against the seat
(due to G or to the subject's being seated) did not
interfere with recording the electrophysiological signals.
Six muscle sites were chosen: Digastric (chin), Trapezius
(shoulder girdle), Rectus abdominus (lateral abdomen),
Biceps brachii (upper arm, front), femoral quadriceps
{(upper leg, front), and Gastrocnemius (lower leg, back)

(Grant, 1956, Woodburne, 1957). Pre-gelled EKG electrode

leads were used to record EMG because they are adhesive
) enough to maintain attachment under +Gz and the surface of
the electrode is an appropriate size for EMG. Impedances
were less than 7 for all subjects.

EOG was measured with a standard four site recording
using Beckman plastic cup electrodes attached with double
sided collars and filled with Agquasonic electrode gel.
Impedances were less than 10 for all subjects.

Respiratory sounds were recorded with a small microphone
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taped to the throat at the top of the sternum. Ear

oximetry was measured with an incandescent optical

transducer. This transducer was placed on the lower

pinna.

%

IVv. SUBJECT PREPARATION: EEG electrode sites were

prepared with OMNIPREP (a laboratory cleaner with silicon)

and gauze squares or Q-Tips. Sites were further prepared

TR ALK

with Beckman EEG Paste (a conductive material). EMG
electrode sites were prepared with OMNIPREP and gauze or

with alcohol and gauze. EOG sites were prepared with

WO

OMNIPREP and Q-Tips. EKG electrode sites were prepared

with alcohol and gauze pads.

L

; V. RECOMMENDATIONS: From the testing to date we know

W M M e St St PR N G W N N B BRI e M B o P iy S gk T T Vi ™ ™ TR Y

the electrode sites have met the criteria for selection.

That is they fulfill the necessary measurement function
with a minimum of motion artefact and a minimum of noise.

Laboratory experiments show the placements to be clean

P T —

and correct. The technicians have mastered the procedures

I ST W T Ly Ny T

and perform placement consistently. That removes the
electrode placement procedure from the troubleshooting

process. The troubleshooting of the electrical circuitry

is continuing. The final centrifuge testing of the system
Wwill be in September. From the data collected at that

time a determination of the best indicant of G-LOC (from
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the physiological signals collected) can be made.

! The minimum number of signals required to make this
|
i determination will also be decided after the analysis of

the data collected at that time. Without the data no

further recommendations can be made.
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I1.Methods of Quantifying and Enhancing Reactive Oxygen Species Production

by
Roland A. Medellin
ABSTRACT

Assays were run employing the reaction summarized as follows:

_ 20, 4, O 4,0
2 D-Glucoseq'_e_-—? GO LL:,HQP7Z_? CIT _4_5 c It 7-y> HRF
e LK LH+17 LH- L0, +HT
.

LO, —> AP™ "+ N, +(isht

in which LHZ is Luminol, CII is electron-deficient HRP, CIII is oxy-
peroxidase, L02 is peroxyluminal intermediate, and AP-2 is Aminophthalate.
Glucose Oxidase, Horseradish Peroxidase, Luminol, and Bovine Serum Albumin
vere immobilized on 7mm filter paper disks. These disks when assayed

by adding glucose demonstrated consistent, predictable enzyme kinetic§.
even when various inhibitors were add;d to the reaction mixture. We
observed 150-fold greater chemiluminescence peaks in disks to which
gluvcose was added compared to controls. When we added Catalase, only

4.4% of this chemiluminescence was typically observedwhile 15% of the °.
chemiluminescence for glucose was seen when Bovine Serum Albumin was added.
Peak chemiluminescence values were observed at characteristic times after
adding glucose to the disks.

We also produced virus-sized nanoparticles (Glucose Oxidase +
Horseradish Peroxidase), which produced 1300-fold greater chemilum-
inescence over controls when a mixture of glucose and luminol was added.
These nanoparticles were able to penetrate a .2 um filter,and they
retained their enzymatic activity for weeks. They produced 20-fold greater
chemiluminescence over controls when immobilized on gel disks. When
immobilized on gel disks, nanoparticles exhibited chemiluminescence values
within the same order of magnitude 80Z of the time. In preliminary
tests Dr. Pruitt used nanoparticles to enhance RAW and P388 macrophage-

like cell line support of CTLL cytotoxic lymphocyte proliferation.
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III. INTRODUCTION

Reactive Oxygen intermediates (ROI) can cause various forms of damage
in living systems. They have been implicated in lipid peroxidation, enzyme
(1-3)

inactivation, protein denaturatior, and nucleic acid damage. At the

right concentrations reactive oxygen intermediates have a bactericidal
effect in the host.a We suspect that a protective mechanism exists in which
immunocytes can mediate a transition from acute to chronic inflammation
before the ROI produced in acute inflammation can accumulate to severely
toxic levels. Some workers speculate that radio-frequency (RF) radiation
exposvre can alter the levels of ROI produced by neutrophils and macrophages
leading to tissue damage. If this occurs in living organisms, a mechanism
can be postulated for the allegations that RF radiation can cause certain
forms of Leukemia. If true, such claims would provide a basis for imple-
menting more thorough safety precautions in operating radar systems. The
Radiation Sciences Division at the School of Aerospace Medicine is engaged
in investigation designed to test these hypotheses.

As a second-year medical student, I am familiar with acute and chronic
inflammation as well as basic immunology. I have had an introduction to
Enzyme-linked Immunoabscorbant Assays, enzyme kinetics, and microbiology.
Prior study in these areas aided me in making relevant observations in

preparing cross-linked enzymes and in running chemiluminescent assays.
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1v. OBJECTIVES

We intended to develop systems for measuriag oxygen radical production
by macrophage-like cells in an in vitro immune system. We intended to make
such measurements with cells as they are exposed to RF radiation in order to
determine any effects on ROI production. Also, we wanted to learn whether
or not Green Heme Protein isolated from whole blood would act to enhance or
inhibit any effect of RF radiation in such a cell system.

The means for achieving these objectives consisted of my work with gel
disks and nanoparticles. The gel disks provide a means of immobilizing cells
and the ROI-producing enzymes in close proximity to each other. This would
enable us to detect levels of ROI that could not be detected before
In the living system ROI levels are maintained at undetectable congentrations
by scavenger molecules such as Catalase, Superoxide Dismutase, Glutatione
Peroxidase, and Ceruloplasminf: With the chemiluminescent disk assay the disk
and the macrophage are so close together that we may be able to detect a rise
in ROI levels before the scavenger molecules encounter the released ROI.

Nanoparticles serve a function similar to that of gel disks. With them

we can modulate the amounts of ROI a :ell produces at a given time. Phorbol
esters can stimulate ROI production, for example, hut they also stimulate

the proauction of other mediatorSQ'ﬂNanoparticles are more likely to be
specific for ROI production. A variety of experiments can be devised taking
advantage of antibodies that can link nanoparticles to cells, disks, or other

molecules.
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v. PROCEDURE AND RESULTS

In preparing the gel disks, we cross-linked 1 mg/ml Horseradish
Peroxidase and ] mg/ml Glucose Oxidase to each other with 30 mg/ml Bovine
Serum Albumin (BSA) to which we added luminol, which intercalates within the
BSA molecule. All of this was done in .01 M PBS pH 6.9. This mixture
was filtered using a .2 um filter, and we then added 25X glutaraldehyde
to make a 1/50, 25% glutaraldehyde/gel solution. 25 ul of this gel was added

to each of 24 disks occupying wells in a microtiter plate. We placed

B

200 ul portions of the remaining gel in the empty wells of another micro-

%
U

titer plate. We used this so that we would know whether the mixture indeed
became a gel. If the mixture does not gel, the disks would not hold the
enzymes on their surfaces, and would release the enzymes into the surrounding
medium. Both microtiter plates were wrapped in Reynolds Wrap Aluminum foil
to protect the gel from light, which may catalgze unwanted reactions. The
plate with the gel and plate with the disks were stored at &?C for 48 hr.

We then activated these disks with either 200 ul .0l M PBS pH 7.4
'(control), 200 ul 500 ug/ml Dextrose, 200 ul 500 ug/ml Dextrose + 200ul
10 mg/ml Superoxide Dismutase, 200 ul 500 ug/ml Dextrose + 200 ul 100mg/ml
Catalase, 200 ul 500ug/ml Dextrose + 100 ul 10 ug/ml Superoxide Dismutase +
100 ul 100ug/ml Catalase, 200 ul 500 ug/ml Dextrose + 200 ul 10 pyg/ml
Human Serum Albumin, or 200 ul 500 ug/ml Dextrose + 200 ul 100 yg/ml
Bovine Serum Albumin.

We checked for chemiluminescence with a Turner luminometer. The peak
relative chemiluminescence values for 1l separate trials are tabulated in
table 1. The time elapsed before peak chemiluminescence levels were reached
was recorded for each trial in table 2. When each substance in the study
was added to the disks, characteristic kinetics were observed as seen in
Figures 1 and 1.1.(data taken from three representative trials and averaged).

Catalase and BSA consistently inhibited the chemiluminescent reaction.
Superoxide Dismutase and Human Serum Albumin had no significant effect.

With this data understood, we have assurance that the gel disk cross-links
relatively uniform amounts of enzymes, emits uniform amounts of light energy
with givenreactions, and as such is useful for variouschemiluminescent assays.
The disks are most predictable 2 days after preparation. Any earliey the
kinetics observed in the reaction with glucose are inconsistent. As the

disks age, they lose their ability to produce chemiluminescence.
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The nanoparticles, on the other hand, produced high levels of chemi-
luminescence, and retained their capability for weeks. We prepared them
by cross-linking Glucose Oxidase and Horseradish Peroxidase with Bovine Serum
Albumin. “75Z Ammonium Sulfate (w/v) was added to this solution until the
absorbance at 700 nm began to rise exponentially. At this point the
nanoparticles exist in a colloid state, and are suitable for recovery after
purifying by means of gel filtration.

25% glutaraldehyde is added to allow continued aggregation of Glucose
Oxidase-BSA-Horseradish Peroxidase particles. After one hour of refrig.ration,
.1 M Sodium Metabisulfite is added to the mixture in order to freeze the
aggregation process ensuring that the particles remain small enough to
enter cells, Gel filtration with sephadex G-25 course beads yields the final
nanoparticle preparation as the elutant by trapping the smaller protein
aggregations, particularly free Glucose Oxidase or Horseradish Peroxidase.
Table 3 and Figures 1.2 and 1.3 demonstrate chemiluminescent behavior when
the nanoparticles were activated with a mixture containing 1 mg/ml Dextrose,
1 mg/ml Luminol, and 1 mg/ml BSA at pH 7.4.

Table 4 and Figure 3 demonstrate the effect of filtering the:nano-
particle solution with a .2 micron filter on chemiluminescent capability.
The filtrate is free of bacteria as‘well as larger protein aggregations.

We also prepared gel disks containing 1| mg/ml Luminol, 30 mg/ml Human
Serum Albumin, and 1 mg/ml Anti-Bovine Serum Albumin. We incubated this for
one hour in a nanoparticle solution. Controls were incubated in PBS
pH 7.4. We intended to allow the antibody to join the nanoparticle
(containing BSA) to the gel, which is cross-linked to the disk. Table 5
and Figure 4 compare the chemiluminescence values of nanoparticle-treated
disks to controls.when 200 ul 1 mg/ml Dextrose pH 7.4 is added. We have
yet to run tests that determine how much of the binding observed here is
specific, and how much is nonspecific.

We were able to make one attempt at feeding nanoparticles to cells.

Dr. Pruitt determined that exposing RAW or P388 macrophage-like tumor lines
to 1/1000 dilutions of the nanoparticle preparations stimslated CTLL-2
lymphocyte proliferation when grown together with RAW or P388 cell lines.
Concentrations greater than the 1/1000 dilution of nanoparticles tended to

kill the cells. These are merely preliminary findings. More experiments
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have to be run. A whole slew of immunological studies would be made possible
if we can continue to demonstrate that cells can take up nanoparticles and
produce measurable results.

In a separate assay, Green Heme Protein demonstrated some peroxidase
activity, but theresults are not altogether convincing. Table 6 and Figure 5

contain the results of this assay.
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VI RECOMMENDATIONS

More tests should be run to evaluate the effects nanoparticle uptgke
has on immunocytes. Nanoparticle~laden macrophages may simulate macrophages
activated by stimuli such as toxins_ or perhaps radio-frequency radiation.
Such cells provide a model for studying cell systems in which high levels
of reactive oxygen intermediates are released into the medium.

The gel disk serves under some conditions as an excellent means of
immobilizing proteins in assaying ROI production. I recommend an..experirent
in which nanoparticle-treated Himan Serum Albumin-Luminol-Anti-BSA disks
are run along with a control set of disks in which the disks have no antibodies.
This would indicate whether antigen-antibody binding plays a role in linking
nanoparticles to disks or whether the binding is:nonspecific. I would
recommend exberiments that would determine whether the nanoparticles come
to reside inside the cell or whether they bind to the surface of the cells.
This could be achieved through staining techniques and microscopy.

It would be useful to run assays to determine the amounts of ROI
secreted by nanoparticle-laden cells. Such cells could be added in a
scintillation vial to a solution containing 1 mg/ml Dextrose, lmg/ml Luminol,

and 1 mg/ml BSA, and monitered for themiluminescence. Such assays can be
utilized in assessing whether or not toxic oxygen radicals are involved
in the pathogenesis of various disease processes.

An experiment to measure the secretion of ROI by cells (RAW) attached
to disks was unsuccessful. The disks contained Luminol, BSA,Horseradish
Peroxidase, and Anti-Bovine Serum Albumin. It was hoped that the fc
fragment of anti-BSA would attach to the RAW fc receptor as it bound by
means of the fab fragment to the BSA-containing disk.:‘Lh theory the NADP
Oxidase system of the RAW cells would be held closely enough to the
Horseradish Peroxidase and Luminol on the disk that a chemiluminescent reaction
would be catalyzed. One experiment produced measurable chemiluminescence
while three did not. I wonder if technical error was~involved here):.::.

and would recommend a few more experiments meticulously carried out before

L gl e QU PSP VY T™Ww N R . TSRS Y

ruling out this scheme as a possibility.
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APPLICATIONS OF DIFFERENTIAL GEOMETRY TQ THE

SHAPE ANALYSIS OF GRAY-VALUE IMAGES

Otto Michael Melko

ABSTRACT

A gray-value image can be viewed as a discrete analog of a
smooth surface in Euclidean space . The shape of a smooth surface

can be described by the gauss curvature and mean curvature of that

gurface . It is therefore reasonable to expect that the discrete

analogs of these curvature functions would be useful in the shape

analysis of digital ( gray-value ) images . Two methods for discret-
ing these curvature functions are discussed . These methods are then
used to write algorithms for shape analysis of gray-value images .
Special attention is paid to the value of these algoritms for the i-
dentification of objects ( such as tanks ) in 1low resolution infra-

red images .
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Introduction,

The differential geometry of surfaces in three dimensional Euclidean
space is a natural extension of the analytic geometry of the Euclidean

plane. It is a study of the local metric and curvature properties of

surfaces. In particular, the gauss curvature and mean curvature are

functions that describe the shape of a surface. In digital image

f processing, one takes a gray-value function, which is a discretization of a
real world scene, and manipulates it to extract information not readil&
visible. The graph of a gray-value function, called a gray-value image, is

then a discretization of a surface. The curvature functions mentioned abcve

are good candidates for image transformations because they are natural shape

l descriptors. One cannot, however, apply the concepts of differential

geometry directly to a gray-value image, for, as the word

"differential"” indicates, the operations of differential geometry involve

differentiation, which cannot be performed on a gray-value function. There

e W W s,

are two ways to address this difficulty:

Y {i) Devise discrete analogs of the operations of differential geometry
that are directly applicable as transformations of gray-value images.
(1i) Associate a surface to a gray-value image (i.e. attempt to recover

the real world scene), perform the desired operations, and discretize the

AR Bn g ar o~ o oy

result.

' In the sequel, after a brief overview of differential geometry, I
describe methods for shape analysis on a surface, and indicate their
relevance to automatic target cueing. Then I indicate how to carry out
programs (i) and (ii) above, and write the associated aigorithms using the

Image Algebrz developed by Gerhard X. Ritter for the Air Force Armament

Laboratory (see [51]).
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II. Objectives of the Research Effort .

My assignment as a participant in the 1987 Graduate Student Summer
Support Program (GSSSP) was to determine whether the concepts of
differential geometry are applicable to the problems of automatic target
cueing. Having done this, the next step was to devise algorithms for image
processing that would be useful to that end.

III. An Overview of Differential Geometry.

Let Q be a rectangle in the Euclidean plane, R%. A map, P, of Q into

three dimensional Euclidean space, R®, is cn ordered triple of real valued
functions, P(q) = (P, (q),P,(q),P,(q)), for q an element of Q. We denote the
first and second order partial derivatives of P by B, B, Pry,Pxy,Pyy
Definition: The map P:Q — R3® is regular if its first and secornd order
partial derivatives are continuous maps, and the cross product P,(q)xP,(q) #
0 for all q¢Q (note that if P is regular,then P, = P,, ). Denote by S the
subset of Rthat is the image of Q under P. If P is regular, then S is a
piece ofvsurface in R®. The pair (S,P) will be referred to as a regular
parameterized surface. It should be noted that a surface, S, admits many
different parameterizations.
The two objects that form the basis of study of surfa.es are referred to as
the first and second fundamental forms, they contain all the geometric
information about a surface. We now give a description of these objects.
The First Fundamental Form: Let E, F, G be the functions on S defined by

E = <P,,P,>, F = <P,,P,>, G = <P,,P,>, where <P ,P > denotesthe usual inner

product of vectors P, and P, in R% Then, the first fundamental form is

L]

defined to be

I=E¢x’«2Fdxdy+ Gdy? (1)

The Geometric Meaning of I: Let pe S, and let p' be another point of S near

s
;
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p. Then, if the coordinates of p are (x,y), and the coordinates of p' are
(x',y'), define Ax,Ay by x' = x +Ax, y' =y +Ay. The distance, d , from p
to p', in S, .is the length of the shortest path ,Y, containedin S and

connecting p to p'. A path of this type is called a geodesic. To second

W

order (essentially, this refers to the taylor expansion of the arc lenth of

the geodesic as a function of its parameter, up to the second term),

42 = E (Ax)’+ 2 F Ax)(Ay) + G Ay)°. (2)

N
h
?
¥
)y

In other words, I is the infinitesimal version of the distance function
on S. If a is the point in S with coordinates (x',y), then the coordinate

curves, andyY form a " curvilinear triangle ". One'can then interperate

Rt o o il e e o S SIS B e e e T e S e e | Bl e ]

equation (2) as the law of cosines (from Euclidean geometry) for the

curvilinear triangle Apap'.

The Second Fundamental Form: Let p = P(q), and define v by the formula v =

(P,xP,) / P, x P { where {P,x P,{ denotes the norm of the vector P,x P,. We
have thatvis a field of unit vectors normal (perpendicular) to the surface,
S. Let L, M, N be the functions on S defined by L = <V,P,,>, M s (V,Py>,
N=<v,P,> Then the second fundamental form is defined to be
II=Ldx?+2Mdxdy+Ndy? . (3)

The Geometric Meaning of II: At the point p €S, II measures the degree to

i

which the field of unit normals,V, of S deviates from being constant near p,
thus measuring the extent to which S bends at p. More precisely, letAv:
(p') (p), Ap = p'-p, where v(p') is the normal at p', and v(p) is the normal
at p. The quantity <Av,Ap> then measures, roughly, the change of vin the
directionAp. This quantity obeys the formula

—<AvAp > = L (Ax)'+ 2 M (Ax)(Ay) + N Ay)’. (4)

The Gauss curvatu:re, K, and mean curvature, H, of a surface, S, are

Anaman e ghe gt PN IS S SIS AW SR N DT e e

Pa

given by :
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E Fl-1(fL MT] LN-M"
K= det T cmemeeea (5)
LF E M N EG-F?
1 (E Fl=1(L M}] 1 NG-2MF-LE
H',.: - f{' = - eecceosssesasccseoos (6)
2 {_F G M Nl 2 EG-F*

The functions K and H contain a great deal of information about the shape of
the surface, S. Their meaning will be discussed in section IV. 1In uvhat
follows we will be interested only in surfaces that are the graphs of
functions. That is, S = { (x,y,g(x,y)) : (x,y) €Q } whereg:Q - R has
continuous partial derivatives up to second order. Here P:Q- R3is given by
P(x,y) = (x,y,8(x,y)). In this case the formulae (5) and (6) take the form:

&
Byx 8y = (ng )
K = : (77

(1+g;+g: )t

1 2
" (1 +8,) 8yy= 2 8,88+ (1 +8)) 8, (8)
( 1+g; +g:)3u'

Finally,.we state a theorem due to Gauss that will be of fundamental
importance insection V. A basic fact about surf‘ace.s is that, given two
points p, P, there exists a path fronm p,to p, in S that has minimum length.
If B and p are close together, this path is unique. In this case we denote
this path by p._g, and call it the geodesic from p, to p, « Suppose we have
three points p, B, p, in S. Then we call the domain bounded by

B P URTU BT a geodesic triangle and denote it by Ap p p, .

THEOREM(Gauss) : Let a,, a,, a; he the interior angles of thegeodesic tri-

angle Ap, pp, which we denote simply as A , then
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a,+ a,+ a;-7q = fK dA (9)
A

Here , Klenotes the gauss curvature of S, and dA=VE G - F?* dx dy is the
element of area of S. Now let p ,..., P, be n distinctpoints of S, and let

D be the n sided geodesic polygon whose boundary consists ofthe set ﬁ_ﬁ ]
... VER,

immediate consequence of Gauss' theorem is that
a1+ coe <+ an-(n-z )” 4 deA . (10)
D

For a more detailed overview of differential geometry, the reader may
wish to consult [1]). An excellent introductory textbook is [3]. Gauss!
original paper, [4], is also quite readable, and intuitive in its
presentation.

IV. Application of Curvature to Shape Analysis.

As an idealized model of a tank, we consider a radially symmetric point
source of heat on a neutral background. The correspongray-value image will
look like a circular bump on a plane, as in figure 1. Our goal is to devise
a method that will isolate shapes such as that in figure 6 from others. A
regular surface has the property that every point on that surface has a
unique tangent plane. Let p be a point in S, and let Tebe the tangent plane
at p, then the Gauss curvatue tells us:

K(p) > 0; In a neighborhood of p, S is entirely to one
side of T,, In this case, we say that S is
elliptic at p, there are no sections of se-

cond order contact.

K(p) = 0 In a neighborhood of p, there is a unique
section in S of second order contact with
Tp,if L(p), M(p), N(p) are not all zero.
Such a point is said to be parabolic at p.
If L(p), M(p), N(p) are all zero, then all
sections have second order contact. Such a

point is called planar.

56-8




K(p) < 0; In a neighborhood of p, S lies on both sides
T,,such a point is called a hyperbolic point
of S. Then p has precisely two sections of
second order contact.
By " section ", we mean a curve in S obtained by taking the intersection of

S with a plane orthogonal to S at p.

A

Figure 1. An idealization of a iank.

Referring to figure 1, we see that the top of the surlace consists of
elliptic points, and further on down, the points are hyperbolic. Once we
get far away from the bump, the points are planar. Thus the curvature is,
K, first positive, then negative, and then zero. Let K'(p) =1, if K(p) > 0;
K'(p) =0, if K(p) = 0 ; and K'(p) =-1, if K(p) < O. Figure 2 below
displays the subregions of the domain, Q, on which K' assumes its respective

values.

NN

Figure 2. Segmentation of the Gauuss curvature of figure 1.

The mean curvature, H, provides a measure of the rate at which the area
of S changes if we expand S along its field of unit normals. The reader may
wish to refer to [3] for further details.

Let p ¢S, and suppose K(p) > 0. Let II be a plane parallel to Ts, and

g
|
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suppose that the distance, r ,from I] to T, is small. Then the set S is
approximately an ellipse. The eccentricity, e , of this ellipse (the Dupin
indicatrix, see [3], pp 148 -149) is given by the relation

e = 1 - k, /K, (11)

k, = H- VH* - K ,  ky= Has+ VH*-K (12)

are the principle curvatures of S (see [3] p 144). For the case K(p) > 0,

where

we have assumed (without loss of generality) that 0 < k, £k, .
For an ellipse, 0 { e < 1. If e is close to zero, the ellipse is nearly
circular. If e is close to 1, the ellipse is shaped like a cigar. Using
using equations (11) and (12), we can infer that:

(1) If VH* - K / |H! is small at p, then JIINnS is nearly
circular,

(11) If VH® - K / {H! is close to 1 at p, then IInS is
cigar shaped.

Note that H'- K = (k,- k,)/4 is always non-negative. A1s0,0 < VH* - K /!H|
< 11if and only if K > 0. Statements analogous to the above can be made
for the cases K(p) = 0, K(p) < 0 where JInS resembles, infinitesimally,
a pair of parallel lines, and a hyperbola respectively. Suppose that U
is a subregion of Q (that is, an open, connected, simply connected subset of
Q). Suppose that K > 0 on P(U) where P : Q=R® is a parameterization for S.
We then have the

Assertion : (a) If \VH® - K / {H is uniformly small on
P(U), then U is nearly disk shaped.

(b) If VH® - K / {Hl is uniformly close to
one on P(U), then U is oblong in shape.

By uniformly small on P(U), we mean that there exists a small number
€ > 0 such that VH*(p) - K(p) 7 {H(p)! < € for all p ¢P(U). Similarly,
uniformly close to one means that, for asmall number €> 0, \/H‘(p) - K(p) 7

{H(p)! > 1-€fo~ all p ¢ P(U). Figure 3, below, serves to illustrate this

56-10



assertion. Figure 3(a) represents a surface consisting of a neariy circular
bump and an oblong shape. Figure 3(b) is the segmentation of the domain
according as to whether the gauss curvature of 3(a) is positive, negative,
or zero. The above assertion allows us tc distinguish beween regions A and
B of figure 3(b). Region A would be considered a potential target. The
smaller positive curvature regions are anomalies that occur because of the

proximity of A and B.
B

(a) : (b)
Figure 3. Illustration of the above assertion.
V. The Curvature Measure of a Piecewise Linear Surface. An Algorithm for
Computing the Curvature of a Gray-value Image.

Let Q={(x,y):agfx<b,cy<dl}. Set u= (b-2a)/m
and v=(d - ¢) /n, wherem ,n are positive integers, and define Q;; by
Q-,j = { (x,y) : a < x-ip < a +p, c<y-jv <c+v }. Each Qj; is a
rectangle ( a square ,if #=v ) and Q= U Qij. The set Q= { (a+si ,o+j ):
0<¢i<m 0< J<n} is a rectangular lattice of points in R’. The point
(a+ip, ¢+ jv)will be denoted by qij, it is thelower left-hand cor-
ner of Q-,j .

Clearly, we can identify a gray-value function with a function
t‘°:Q°-— R. Each Q;j prescribes the location of a pixel. Divide each

rectangle Q;j into two triangles by connecting the lower left hand corner

of Qii with its upper right-hand corner. The upper and lower triangles



will be denoted by 025 and Q% respectively.

Let f:Q == R be the function on Q with the property that the
restriction of £ to one of the triangles sz (r = 1,2), denoted by f{Q% ,
is linear and agrees with f° on the vertices of Q% .

Defipition ; The function, f, described above is said to be the Piecewise-
Linear function (PL-function) associated to £f°. The corresponding surface
z = { (x,y,f{x,y)) : (x,y) € Q} is called the Piecewise-Liprear gurface
(PL-surface) associated to f (or £°). Note that f is a continuous function
on Q. The PL-surface, Z, is a collection of triangles in stoined together

at the edges, as in figure 4.

Z

Q

Figure 4., A PL-surface , Z , superimposedover its domain , Q.

A PL-surface is continuous, but fails to be regular at the edges and
vertices in the sense presented in section III. Thus, the definition of
Gauss curvature given by equation (7) doesn't apply at the edges and ver-
tices, since f is not continuously differentiable at thesepoints. Our prob-
lem, now, is to re-define Gauss curvature so as to admit this larger class
of surfaces. A fruitful method for generalization inmathematics is to as-
sume the properties that characterizes a mathematical object in some special
situation, and use them to deduce a defintion of that object that applies to
more general circumstances. We proceed to do this.

The geodesics in a PL-surface, Z, are simply line segmants in the

individual faces of Z. Let D be a geodesic polygon in Z which contains only
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one vertex, v, and which has precisely one edge in each face of Z adjacent
to v. Suppose that there are t faces that meet at v and that the interior
angles of these faces, at v, are 64, el 6t . It is easily shown that the

corollary to Gauss' theorem (equation (10)) implies that

fK dA = 27 - Q= -6 - (13)
D

The integral in equation (13) is independant of the choice of D, as
long as v is the only vertex in D. This allows us to deduce that the Gauss

curvature of Z is given by the Dirac measure

K = Z {2;; -> 0.:}&, g (14)

The index, s, runs over all vertices, v, and { €, , «es, Os¢, } is the set
of interior angles at the vertex, v. The symbol BV‘denotes the (countably
additive) function on (measurable) subsets of Z which assigns the value 1 to
a set containing v,, and 0 otherﬁise. Such a set function is also commonly
referred to as a Dirac § - function. We will refer to thenumber 2n -
Gyeee— Os¢, as the measure of curvature of Z at the vertex, v,.

Adopting the notation and terminology of [5], let K° denote the gray-
value function obtained from f° by assigning to each q;,- €Q° the measure
of curvature of the associated PL-surface, Z, at the vertex (q;,- 0 fo(q‘-’-)).

We will also use f©° k°

to denote the corresponding gray-value images of
£° K° respectively.

In figure 5, we have taken a point q;’-t Q° such that q‘.idoes not lie
on the boundary of Q, and labeled the points which are vertices of triangles

adjacent to q,-’.. The angles, 0, » ecey 0‘ , are the interior angles of the

) corresponding triangles in Z (thus, for example, 93 i n/2).

56-13

A TN DN DN Tt . A AR AN DU OO S U R U0 00200




‘Z,‘,’+(o,v) 1,’ +(p )

6,
94 (-p,0) 6, 0, §e- v 3l
T 6,/ 6, (e
A
T tl-p») U +(0,-9) .

Figure 5. Points and triangles adjacent to q with respect to the above
triangulation.
Let P be the parameterization of Z defined by P(q) = (q,f(q)). Then @, is
the angle between the vectors P(q;; «( 1, v)) = Plq;) X and
P(qi,--»(u,o)) - P(q;;). Thus

< P(qi; +(#, 1)) - P(gy), P(a;;+(K,0)) - P(gy) >

0,(q;,') = cos™' [—-----------.- ----------------------------------- .
{P(q,-j +(K,V)) = Pl lP(q;,- +(1,0)) - P(g)i

A similar formula applies for each of the angles Q, ...,6‘. It follows
that Ko = 2N - 0[”“6‘ .

Let Q= { (1,0), (1,1), (1,0), (=1,0), (-1,=1), (0,=1) }. Then the

points incident to q are q.;+ (ry,sv),where (r,s) ¢ . Let A, denote the
s '

gray-value image A,,= { (q-,j ,f(q;5+ (!‘#.S))-f(qg,-)): Q;"€Q°], and let 1

tu
denote the unit image. Define ©., for (r,s) , by

(rp1)®¥(tpl) « (sv)®¥uvl) «+ Ar;'Atm )

6::= cos™ T = < <
Vier )t « vl « (A" Vit u) « uv) + (A’

The element, (t,u), of { will be said to be adjacent to (r,s) if (t,u)

is to the immediate right of (r,s) in the list for () given above. 1In

addition, we define the element (1,0) to be adjacent to (0,-1). With this

convention it is easily verified that ©y is the gray-value image
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corresponding to one of the angle functions €, .. 6y, if (t,u) is adjacent

to (r,s). It follows that

KO = 2 T 1 - Z 9:: » (15)

where the sum is taken over all adjacent pairs.

Equation (15) was the goal of this section. It should be mentioned
that the concepts introduced here are apparently well understood, although
the author has been unable to locate any literature that adopts the same
approach. Besl and Jain state a similar formula in [1], but give no
indication of its derivation. The theory of convex surfaces is related to
the material in this section, the reader is referred to [2] for details.

Using the geometric interpretation presented in section III, it is very
likely that a definition of mean curvature can be found that applies to PL-
surfaces. In this case, H will be a measure with support on the 1-skeleton
(the set of edges and vertices) of Z. Because of lack of time, it was not
possible to rigorously develop this idea.

VI. Computing Gauss Curvature and Mean Curvature via a Convolution
Operater,

Let Q and Q;jbe és defined in section V. To a gray-value function, g°,
we associate a step function g:R' + R by the rule g(q) = g(q‘-’-) if q €Qi
and g(q) = 0 if q £ Q. The graph of g 1is a discontinuous surface ,3,
consisting of horizontal rectangles. We wish to associate a smooth surface
to = which captures its essential features, such as peaks and valleys.

Let ¢: R’ — R be a smooth funtion ( that is, the first and second order
partial derivatives of ¢ exigt and are continuous), and suppose that ¢ and
all its partial derivatives to second order are integrable. Then, the

convolution of g with ¢, denoted here by #, is given by
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gt (x,y) = ffg(f,n)¢(x-f,y—n)dfdn : (16)
Rl

and the graph, S¢ , of g#¢. is a smooth surface. If f = g#®, it is easily
shown that fy = g#(¢x), fy = g#(‘Py )y fyy= g#(é,). fxy= g#(¢,,), fyy = g#(‘#,,)-
The Gauss curvature, K¢, and the mean curvature, H¢ , of S¢ are computed by
using the formulae (7) and (8) in section III. The resulting curvature
functions are very sensitive to the choice of ¢, thus careful consideration
must be given ua this choice. For instance, if the support of ¢ (the set
on which ¢ # 0) is very small, then S¢ will look like a step function with
rounded edges. The resulting curvature function ,K¢, will have huge peaks
of positive and negative value at the corners of the steps, and be zero
toward the middle. This will tell us nothing about how steps vary with
respect to their neighbors , making K¢useless. Other factors include the
symmetry and ease of computability with the convolution kernel, ¢. Ve
require that ¢ satisfy :

(1) The support of ¢ is roughly the size of a step
and its neighbors.

(i1) The function ¢ is radially symmetric.

(111) Computations with ¢ are relatively easy.
With these criteria in mind we choose ¢ to be @(x,y) = Y(x) ¢¥(y), where
is the Gauss probability density ¥(x) = exp(-X7 2) WWZ . This choice of
does not satisfy (i), but this is easily rectified by rescaling ¢ according
to the ruled(x,y) =@(x /e,y /e)/¢*. The collection offunctions {¢,: ¢> 0}
is an example of an approximate identity , and' has the property that
gl¢‘(x,y)-—g(x,y) as €= 0 if (x,y) is a point of continuity of g.
The first and second order partial derivatives of ¢ areeasily seen to be
by -x¢, b= -yd, ¢ =( x*-1)¢,8: xyo,
By (V-1 .
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Let R= { (x,y) :3<x,y<3) and let Run = {(x,y):-1+2a<xX
T+2a,~1+2b<y<1+2Db } where a, b are elements of the set { 1, 0
»- 1 }. Thus, the square, R, is the union of nine subsquares, Rqh. Define

numbers w,, by the rule
wlb = j]¢(x.}') dx d}' .
Rlb

We define w,,, Wiy W, w::, w:: similarly, for example, W,, is the
integral of ¢x over the set R,,» All of these integrals are easily
computed, using integration by parts and substitution, except for W,
which must be integrated numerically. Scaling R,, down to the size of pixel
domains determines the value of € above. The corresponding integrals (ofq%,
and its derivatives, over pixel domains) have the same value as those
already discussed. ‘It follows that the quantities w;,, w),, etc. can be
used as the weights of 3x3 templates that are discrete versions of the
convolutions g#((®,)« ), g#((g,),), ete. Let®, &y, By, By, Byy, Byy ,
denote the.templates with 3x3 template configuration, and weights w,,, w;,,
wlos Wao,Wab » Way , respectively. Use g° to denote the gray-value image

associated to g? Then we have the following correspondance of smooth

functions to gray-value images:

gtp =g 0d = A gtg+2° 00,z Au
o o -

gt g% 0d, = A, gt g ~8° 0D, = Agy

gth—~ % 0y = A, gtd 2% 0d= Ay

With these conventions, we define the gauss and mean curvature images

of g° to be, respectively,

56-17

= Nt L o B o o an am e ek i U s a2 O -l aerdk AR arvE et Aol ar d Sl A 6B S iR s 2B A TR AFER AU AR arak AN 2 R A




L e o

I op o et

S e e G7)

(1 + A)%A, - 2 A% A% Ay + (1 & A)) * Ay
HO . sy ol P e S (18)

1 2,3/2
(1 + 4, + Ay)

Here, A is understood to mean‘the image A®*A. A segmentation of the Gauss
curvature image is given by K°= Cy e KO0 G K°, where

C, (k% = [ (x°-€1) Vo Il (K~€) vo0l , and

C<_€(K°) = [ (K% €1) AD ]." { (K% €1) A0 J]. It follows

that K°(q) = 1'1r K%Aq) >e, 0 4f €< K%q) <€, - 1if Kq) <-€. Note that
this segmentation algorithm also applies to the defintion of K°%iven by
equation (15) of section V. It can also be used on the mean curvature
image, H. Whether this yields useful information is not clear,

Let & = V(R®P-K°/ KO , and let Rz C_(A). If € 4s small, then A
assumes the value 1 at points of nearly circular points (in the sense of
section IV), and 0 otherwise, fhe image, A, should have the appearance of
nearly circular spots. These spots could have a wide range of
diameters. If 0 < @<fB, define B to be the image B = cw(x°) * Cee(A)e
Thus B(q) = 1 1f @< K°%q) < B and A(q) <e¢, and B(q) = 0 otherwise.
Limiting the range of K° should 1limit the size of the correspc--1'ng spots,
the spots in the image B are then likely to be targets. Obtaining good
results depends on the choice of the parameters a ,f3, ¢, These parameters
will depend on the size and shape of the targets sought relative to the
glven image. Two points should be made here., First of all, we have only
considered targets that are nearly circular in shape, algorithms such as
the one defining B should be possible for cther shapes. Secondly,

experimentation will undoubtedly reveal details that have been overlooked,

so that some modification ol the above program may be necessary. Finally,

56-18

-~ o -~ n

T




it should be mentioned that the author was unable to find any algorithms
such as the one'defining B in the literature on Image Prossessing.
Recommendations:

1. A second method for associating a regular surface to a girrayvalue
image is by means of B-splines. This method is used by Yang and Kak in [6]
to compute curvature. It would be of interest to compare this method with
the two described in tﬁis report for effeciency and accuracy.

2. It should be possible to establish a PL-version of mean curvature,
apparently, no such notion yet exists in the literature.The author began to
do this, but ran out o1 ime.

3. It could prove useful to try other convolution kernels, perhaps one
that is not radially symmetric.

4, Concepts from Topology ;ay prove useful for distinguishing regions
in the curvature images discussed above. For example, one would want a
computer to be able to tell the difference between a disk and an annulus.

5. Experimentation with actual images should be performed in order to
determine the strengths and weaknesses of image transformations such as A

and B of section VI.
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The Feasibility of a Laboratory Information Management

System For The Analytical Chemistry Laboratory

by
Veronica S. Minsky

ABSTRACT

Microcomputer controlled laboratory instruments have accelerated the rate
of sample analysis. The paperwork associated with sample processing has not
kept pace. A laboratory information management system (LIMS) may
improve sample processing, reporting and allow result entry directly from
instruments. A LIMS system may accept results directly from most instruments

with an RS-232 or IEEE 488 port. Interfacing involves two processes; first the

electronic transfer of data from the instrument to the LIMS must occur, which
is often an easy task, especially with newer instruments. Second the data
must be tran.sformed from the format of the instrument into the format of
the LIMS database. Standardization of this process may be possible using
standard forms to identify data items. Each instrument would have a custom
program to identify the data items in a standard form. Each LIMS system
would reformat the data from the standard form into the format of the

particular LIMS database.
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I. INTRODUCTION:

Analytical chemistry laboratories have seen an explosion in the number of
microcomputers in the laboratory. These computers enable the chemist to
complete sample analyses in a fraction of the time it may have previously
taken. Typically the manual system of processing paperwork associated with
samples and results, however, has not kept pace. It is the weak link in the
laboratory, slowing down the output of results and decreasing the overall

efficiency and quality of the laboratory.

The Chemical, Metallurgical and NDE Laboratories at The Arnold Engineering
Development Center are particularly concerned with the quality and
efficiency of their work. A sample tracking and information system able to
keep pace with the analyses would be a real asset to the laboratory. Such a
system would be able to interface directly with laboratory instruments and

extract test results into a laboratory information database.

My research interests have been in the area of communication software,
particularly concerning microcomputers. My previous work, writing and
using communication software for a wide variety of microcomputers,
minicomputers and mainframes in a hospital environment, contributed to my

assignment with the Chemical, Metallurgical and NDE Laboratories.
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Il. OBJECTIVES OF THE RESEARCH EFFORT:

Currently there are numerous laboratory information management software
packages commercially available. These packages are sample tracking, report
management and results entry systems. They do not generally interface with
laboratory instruments automatically; communications protocols must be
established and programs written to reformat test results for the LIMS

database.

My assignment as a participant in the 1987 Graduate Student Summer
Support Program (GSSSP) was to determine the feasibility of establishing
communications between laboratory instruments and a laboratory
information management system, and to study the possible standardization

of these communication interfaces.

The Chemical Laboratory at AEDC has been seriously studying the possibility
of purchasing a LIMS system. A goal of this research effort was to determine
the needs and goals of the Chemical, Metallurgical and NDE Laboratories at
AEDC, and to determine the available options and requirements of a
laboratory information management systems for the lab. A result of this

effort was a written specification for procurement of a LIMS system.
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a. The Chemical and Metallurgical Laboratories proved to be a valuable

source of information during this research effort. Observing the flow of
samples and paperwork thru the lab as well as interviewing the chemists,
analysts, clerical staff, and managers uncovcred inefficiencies in the sample
paperwork process. At the First International LIMS Meeting, a users
conference held in Pittsburgh, PA. June 23-25, 1987, over 40 papers were
presented by users. The papers and informal discussions with conference

attendees provided an additional source of information.

A visit to a laboratory with a laboratory information management systems
installed was most instructive, as were to a lesser degree visits to vendor sales
offices for system demonstrations. Interviews with various people at AEDC,
experienced in communications hardware and software, supplemented this
research effort. Finally, a review of the literature in laboratory autom=%0n

added an additional source of information.

b. The Chemical, Metallurgial and NDE Laboratories are highly specialized.
They provide quick sample turnaround while maintaining quality controls to

insure the validity of their results. Analysts often find it necessary to by-pass

the manual peperwork system in order to achieve the desired sample
turnaround time. By-passing the tracking system increases chances for errors

and sample loss.

— el = e w - -
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One goal of the laboratory management is increased automatiocn. They
have numerous personal computers in the lab and there is a trend towards

interfacing these standalone computers.

Many of the papers presented at the First International LIMS Meeting were
by individuals from labs that started looking for LIMS systems before 1985. At
that time few sophisticated commercial systems were available. Many of
these labs elected to design and write in-house LIMS systems. Some relied on
an outside person, frequently in an MIS department to design and write the
system. Now two, three, or four years and thousands of dollars later, many of
these labs are still modifying and revising their systems and few have

integrated laboratory instruments.

There were numerous users of commercial system at the conference. Most
had done some modifications to their systems, either by adding in-house
programs, utilizing user configurable options, or purchasing custom
programs from the vendor. Few have integrated laboratory instruments.
Many users would find it necessary to pay the vendor for consulting time to

begin this process of interfacing instruments.

Visits to a laberatory currently using a LIMS provided an opportunity to see
first hand how LIMS managed laboratory paperwork. This lab runs a
commercial LIMS package and has sucessfully employed user configurable
options and in-house programs to customize the package. It appeared to

increase the efficiency of the lab, lab reports are more timely and sample
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| status is easily determined. This particular lab is specialized, and the user
configurable options make the system able to adapt to their ever changing
needs. This lab has not interfaced any instruments with their LIMS, but plans
to do so in the future. An additional observation from this visit is that the
success of a LIMS depends not only on the software and hardware selected,
but on the quality of the system manager overseeing the installation,

customization and usage of the LIMS.

The available LIMS options will be discussed in terms of software, hardware
and instrument interfaces. Software options can be broken down into in-
house systems and commercially available packages. The in-house systems
are typically designed with database packages. The advantage of an in-house
system is the customization it allows. The disadvantage is the cost of

development and maintenance.

The commercially available LIMS packages are as varied as the labs that use
them. Some LIMS systems are single user systems, others are sophisticated
multi-user systems. Some are particularly efficient in the large production
labs, and others in small specialized labs. Choosing the best LIMS for a
specific laboratory will ultimately depend upon the needs, goals and

resources of that lab.

Hardware options are often dependent upon .he software selected. The
range of options starts with a standalone PC system and incdludes mainframes

networked with PCs and instruments. A few software packages are available
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for PC networks, allowing access to common databases and data transfers
between PCs. More numerous are péckages that run on minicomputers, such
as the hardware from DEC VAX, Hewlett-Packard, IBM, and Concurrent. PCs
may be used in place of terminals. A network can be installed in addition to
orin place of the point-to-point communication between the PCs and the
minicomputer. The advantage of a network is to allow the PCs operating in

PC mode to access shared resources.

Instrument interfacing options depend upon the software and hardware
selected. If an instrument has an RS-232 port interfacing is generally possible.
There are two processes involved in instrument interfacing. The first is the

electronic transfer of data from the instrument to the LIMS computer.

Numerous communication packages exist, and for each instrument the

communication protocol must be established. For the newer microcomputer
based instruments this task is easily achieved. For the older instruments it can

be a trial and error process requiring special communication software.

For some packages, the communication link must be executed in the LIMS
computer and then in the instrument. Other packages such as the Hewlett-
Packard LABSAM have a background program which constantly polls
instruments for data transfer. The Perkin-Elmer CLAS software interfaces
with chromatograms and allows the LIMS terminals to access resuits, raw data

and initiate sample tests.
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The second process is transforming data from the format used by the
instrument into the format used by the LIMS database. Vendors often have
example conversion programs written for the newer instruments. The user

must often write these programs for the older instruments.

Beckman Instruments offers a software package, Laboratory Interface
Language (LIL) allowing users to write programs for instruments which
identify data items. The LIL program then reformats the identified items for
the LIMS database. This prevents changes in the database from affecting the

individual instrument interface programs.

This concept may assist in the standardizing of laboratory interfaces. If
instrument vendors provide sample programs in FORTRAN or BASIC which
identify most data items in a standard form, LIMS vendors could provide a
program which accepts data items from the standard form and reformats
them for their LIMS database. Most data items from an instrument would be
identified in a standard form. The different LIMS would then reformat only

the data items required for their particular database.

IV. RECOMMENDATIONS.
a. Based on the needs and goals of these labs, a laboratory information

management system would be a valuable asset. The type of samples and tests

requested by clients frequently change. The LIMS, therefore would have to
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be flexible. The LIMS would have to be multi-user and have the ability to

interface instruments. Support from the vendor would also be important.

The needs of the labs could be met by several commercially available
packages. Requirements of the software include sample tracking and
reporting, and result entry both manually and directly from instruments. It
should be user configurable in the login screens, menu selections, client
reports and result data. It should provide the ability to read and write
directly to the database with FORTRAN or BASIC. Other desired software
features include; automatic test scheduling of routine samples, batch sample

entry and an easy to use query language.

The system should operate in normal office conditions, provide fast response
time, and have the capacity for growth. The vendor should be able to supply
software support via a telephone modem. Prior to installation of the LIMS
the labs needs to identify a systems manager. This may be an additional
employee or someone within the lab. This person will be involved in
installing, and customizing the LIMS full time for 6 to 8 months. After this
initial time period, the job should decrease to 20 percent of the systems

manager’s time.

b. Further study of the standardization of instrument interface could focus
on determining a standard form for data items passed from the instruments.
Once a standard form is established, LIMS vendors could provide a program

to reformat this standard form for their specific LIMS database. This process
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would simplify the instrument interface process and isolate the interface
programs from variability and changes in the LIMS database. This process
would involve discussions with LIMS vendors, instrument vendors, and LIMS
users. A paper could be presented at the next LIMS users conference to elicit l
support among LIMS users. Pressure from users would be the most effective

way to persuade vendors to implement interfacing standards.

o
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Investigation of the Potential Impact of New Photonic Materials

on Optical Processing Systems

by
Frénk W. Moore
ABSTRACT

This report summarizes research eZforts conducted during the
1987 Graduate Student Summer Support Program research term at
AFWAL/AADO, Wright-Patterson Air Force Base, Ohio.

Claims for the speed and dynamic range characteristics of new
photonic materials suggest that these materials could permit the
development of competitive optical processors. The high
resolution claimed for these materials may make them suitable for
numerous information processing tasks, including memory,
analog-to-digital conversion, multiplication, and two-dimensional
image processing.

Non-cascadable Boolean operations have been demonstrated.
Analog addition of two-dimensional images appears to be possible.
Qualitative experiments suggesting uses of new photonic materials
in optical systems have been performed, general properties of
these materials have been determined, and future quantitative
tests required for precise material characterization have been
proposed. Several multiplication schemes, aimed at performance
which would be competitive with state-of-the-art electronic

multipliers, are also proposed.
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I. INTRODUCTION

The general consensus among researchers of optical processing
technologies 1is that progress in optical memories and ecptical
logic 1is largely determined by the availability ¢f rnew czhetonic
materials. Until recently, materials exhibiting koth tke sreasd
and the resolution necessary for optical processors <tz ccapete
with existing electronics technology did nct exist. Recently,
however, photonic materials known as "Electron-Trapping" (ET)

materials have been produced by Dr. Joseph Lindmaver and his

associates at Quantex Corperation, under contract to the
Aeronautical Systems Division of the United States Air Force. If
Lindmayer’s claims as to the speed and spatial resolution of ET
materials are attainable, then an effective utilization of these
materials could have a notable impact on future information
processing systens.
II. OBJECTIVES OF THE RESEARCH EFFORT
The primary goals of this summer’s research effort were to:
1. demonstrate fundamental Boolean operations required for
the implementation of binary optical computers;
2. demonstrate principles of two-dimensional analog image
addition, multiplication, and extraction:;
3. determine general properties of ET materials;
4. perform qualitative experiments suggesting uses of these
materials in optical systems;
5. investigate the design of high-speed optical processing
systems that could exploit the full potential of ET

material technology and satisfy the performance
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reguirements of existing and futire Air Force systexs.

The following sections of this report ccntain a summary of
tests performed on Flectrcon-Trapping material samples received by
AFWAL/AADO from Quantex Corperaticn, toccether with  krief
discussions and assessments of test results.

III. DEMONSTRATION OF BOOLEAN LOGIC FUNCTICNS

Methodologies for performing the £fclleowing Boolean 1logic
functions using ET materials have been cdefined: Inversion, NOR,
OR, AND, NAND, XOR, and Shift..Several of these functions have
been demonstrated in the laboratory. Detailed descriptions of the
Inversion and NOR implementations have been included in this
report; other operations are similar. Note from the feasibility
of the NOR operation that every existing digital 1logic circuit
can be constructed from photonic components.

Because the three wavelengths A;(to store photonic energy in
the ET material), )‘ (to induce emission of stored energy, 1i.e.
read the material), and Az (the enmission wavelength of stored
photonic energy) are distinct, combinational 1logic circuits
constructed from these gates will require "wavelength conversion"
systems. Image intensifiers could be constructed that perform the
conversions ()‘1 -——> )3) and (xa -——> A.), as well as the gain and
thresholding required to cascade photonic 1logic gates that
utilize ET material technology.

Development of "complementary" ET materials with wavelength
characteristic triples (A4, Xl, 33) could provide a means of
eliminating intensifiers between complementary pairs of ET

material components.
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Inversion

Initially flood the surface of the ET material with Aa light.
In effect, this step initializes all elements toc a logic "1,

Illuminate the material with a two-dinensional light pattern
(wavelength A, ) in which bricht pixels represent logical "1v,
and dark pixels represent logical "0", for a time At .n.in -

Subsequent reading of the material (illumination by A,)
reveals that the only pcints of luminescence will be those
pixels that were not exposed to A, during the previous step.
The resulting irmace will ke the inverse of the two-dimensicnal
input pattern ("not A").

L )
] ! 1 At
o J
A" ET Material
(initially flooded)
ET Material after Atqu, -
(NOT (A)}
NOR
Initially flood the material surface as before.

Read out images A and B from the ET material. After some at..,
only those pixels not read out by either A or B will remain
energized; subseguent illumination of the material by k, will
cause only these pixels to luminesce.

/’1’1/ ET Material

L S (initially flooded)
Al® T,

o]
o 2~
(o]

1 3 |

g |! - NOR (A.B)
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IV. DEMONSTRATION OF ANAIOG ADDITION

A. Set-Up

B. Procedure

1. After erasing the material surface, illuminate a small circular
area of the ET material sample with Aj; light for at,.

2. Illuminate a second small circular area of the ET material
sample with Ay for at,. Allow part of this area A, to overlap
the first illuminated region A,.

3. Read the sample using )\, light.

C. Result Illumination

Region 1 -=> at,

Region 2 «=-> at,

Region 3 «=> overlap of
regions 1
and 2

Region 4 =--) none

This test suggests ‘hat analog addition could be performed if the
inputs and outputs remained in the linear region of the ET
materials. In this event,

1. for at, = &t, : I, = I > I,; Iy =1I, + I, = 2I, = 2I,.
2. for at, = 28t, : I, = 2I,; I, >> I, Iy =1I, + I, =3I,.

The next set of experiments described in this report

demonstrated the following ET material properties:
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1. The cutput intensity cdepends upon the intensity of Xz light
used to write ontc the ET material surface;

2. Output intensity alsc depends upon the intensity of X, light
used t5 read frem the ET material surface;

3. The material has a large dynamic range. According to Quantex,
this range is 1linear through at least three orders of
macnitude, a feature that would be useful in storing one of a

laig; numter of possible analog values in a particular
gcsiticn on the ET material surface (Part VII).

4., The samples tested have high spatial resolution (Experiment
v-3).

Laboratory experience with ET material samples indicates that
the intensity of Az output light is monotonically dependent upen
the infensity of A. light used to read it, through large ranges
of stored energy and read intensity.

A. Experiment V-1
1. Set-Up:

“.-‘- Aa "l‘
Laser Teel_” HD
Light PR *— Photodetector
Sources AR ¥ R

ee-mmTT Filter

ET Material

2. Goal:
Investigate output intensity as a function of the energy at
which Ay light was written to the ET material, as well as the
intensity of A, light used to read from the material.

3. Procedure:

a. Write on the ET material for varying durations 4t with
constant intensity I. The energy thus varies as E_, = Iat.
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b. After At, read from the material using various intensizies
of A, light.

4. Results:
a2, OCbserved that the variation in output intensi:r is
dependent upon the increase in read light intensity as well
as the amount of energy written onto the ET material.

b. Observed gradual decrease in output intensity as the sanmple
was read by a constant A, illumination.

B. Experiment V-2

1. Set-Up: Xy

Aty
Atg
A3 Aty
Ats
Atg

ET Material Sample

2. Goal:

Demonstrate utilization of the dynamic range of ET materials.
3. Procedure:

a. Erase the surface of the ET material with a A, flood.

b. Expose adjacent sections of the material to increasing
durations of constant-intensity ), light.

C. Illuminate entire material with A, light.
4. Results:

Observed that sections of the ET material exposed to
increasingly higher energies of As light had brighter output
intensities when subsequently illuminated with a uniform A, wash.
Furthermore, the relative brightness of these sections was
maintained even while the intensity of 1light output was
decreasing at all points on the material surface.

C. Experiment V-3
1. Goal:

Determine the resolution of ET material samples.
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2. Procedure:
a. Unifornly erase the ET material.

b. After placing a standard resclutien chart on top of the ET
material sample, expose the sample t:o A: light.

c. Remove the resolution chart, and read the material surface
using A, light. A measure of the resclution of the ET
material sample will be the smallest chart bar images
resolved on the surface of the material.

LEJ\

I——— Resolution Chart

=

/A
T_ ET Material Sample

2T material samples produced by Quantex Corperation can ba
classified according to the thickness of the material on the
sample surface. Experiment V-3 demonstrated that thick-film
sanmples can resolve at least 100 lines over a 2-inch dimension of
the ET material. This fact suggests that as many as 10000
elements could be stored on these relatively inexpensive devices.

Scientists at Quantex claim a much higher resolution for
thin-film ET material samples (in excess of one million pixels
per square mm).

3. Set-Up:

4. Result:

e s s AR am
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VI. RECOMMENDED FUTURE QUANTITATIVE ET MATEZRIAL TESTS

Numercus quantitative t:in-£ila ET material characterization
tests nust ke performed refcre these nmaterials can be used in
precision high-speed processcrs. A typical test set-up consisting
of variable-intensity A; and A, light sources, a band-pass
filter, a Xz-sansitive detactor, and an ET material sample is

shown in the following ficure:

X
]HD <— Photodetector

A ]\
Filter
Q ET Material
Sample

Test No. 1 - Determine the saturation level of the ET material
(the point at which additional energy input will
not change the amount of energy stored by the
material).

Test No. 2 -- Determine the decay characteristics of the ET
saterial during extended exposure to low levels of
A,-light as a function of time.

Test No. 3 -- Determine the threshold of the ET material (the
level below which the output intensity of the
material remains zero, or some constant, even
after additional exposure to A, light).

Test No. 4 -- Verify the effects of various wavelengths when
writing to the ET material:; approximate the
relative write efficiencies of candidate write
wavelengths.

Test No. 5 =-- Determine the effects of different wavelengths when
reading and erasing the ET material; approximate
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the relative read efificiencies of candidate read
wavelencths.

Test N~, 6 -- Determine the wavelength A; at which ET material
cutrut is mest intense.

Test No. 7 -- Ceteraine the "impulse response" of the material.

(2a) Wwhat is the minimum pulse duration, for various write
intensities, for which a desired change in the stored
enercy level can be detected?

(r) BEcw long, and at what intensity, will the ET material
luminesce after cessation of various write excitation
energies?

(c) What is the behavior of the material in response to
read pulses of various intensities and durations?
What is the minimum read pulse length?

Test No. 8 -- Determine exact relationships and dependencies of
A3, A , and ), during simultaneous illumination of
the ET material by )\, and Ay light.

Test No. 9 -- Once the precise characterizations of the ET
material outlined in the previous eight tests have
been completed, high-speed demonstration of the
Boolean functions discussed in Section (III) of
this report should be performed.

VII. MULTIPLICATION ALGORITHMS USING ELECTRON-TRAPPING MATERIALS
The high speed and high resolution of Electron-Traﬁping
materials may be used when computing the product of two numbers
in a binary-in-binary-out fashion (as required for interface with
digital computers). 1In the next several pages, three schemes for
3 performing Digital Multiplication by Analog Convolution (DMAC)

are proposed:

1, Using binary multiplicands:

2. Using octal digits and medium-resolution column sums:

3. Using hexadecimal digits and high-resolution column sums.

DMAC is discussed extensively in the 1literature by McAulay,

Rhodes and Guilfoyle, and others (see references).
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Notes -- The convolution of two n-bit binary numbers can be
represented by (n+l) analog levels separated by a fixed energy
sE. Analog ((i/n) * K) can represent i, one of n non-zZero energy
levels over linear range K such that aE = ((1/n) * K).

The figure at right illustrates a

means of performing DMAC in a single a
step for the simple case of p=a * b E
= (111) * (110). Optical fiber
interconnections allow the parallel a
projection of operand a through
"transmissive elements" that pass or
block light according to the values g |e:
of corresponding bits in operand b. If ;
the maximum number represented by p; is
N, then the attenuation of each fiber-
optic connection from a to p must be
(1/N) to keep each resulting DMAC term
in the linear region of ET material.

Each analog convolution, corresponding to the summation of a
column of digits in a typical multiplication, must be converted
to analog binary representation before being added back to the
result accumulator in binary form. (This step may be performed
using a small look-up table.) After (2n-2) steps, (2n) analog
values of either 0 or 1 exist in the (2n) digit positions of the
result accumulator.

Predicted Performance

t (n xn) = (time to load the first operand, nl, into an array of
elements such that the transmissivity of the array
corresponds to the binary values of nl digits)

+ (time to shine copies of the second operand n2 thru
the resulting nl grid onto column sum accumulators)
+ [(2n-2) * (time to convert the resulting convolutions
to binary equivalents and add these back
to the result accumulator))

Example of Binary Multiplication -- (11111111) * (11111111)

11111111 Generation of Product Rows
# 11111111
11111111 Product Rows
11111111
11111111
11111111
11111111
11111111
11111111
11111111
1234567876654131321 DMAC Terms (Column Sums)
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0123456787654321 Column Sum Conversions
0010
012345678765 440
0100 The LSB of the analcg
------- binary equivalents tc the
01234567876¢640 converted column rezliaces
0100 the analog value stcrad
------- in that column, while th=
0123456787760 higher-order bits are
0110 analog-added back to the
------- higher-order column suxs
012345678880 of the result. A tzstal of
1000 (2n=-2) seguential cclumn
------- conversions are required
01234568880 before the binary product
1000 of two binary numbers is
------- produced.
01234578820
1000 This example illustrates a plausib::
------- technique by which the multiplication
012346780 of two n-bit binary numbers can be
1000 performed via analog convolution in
------- 2n total steps. The resulting product
012356170 will be in binary form.
0111
------- Photonic materials displaying a large
0123671 linear range may be used as a substrate
0111 for the accumulation of partial products
------- into the "column sums" required by DMAC
012471 algorithms.
0111 . a
------- Note that the "transmissive elements" shown in
01351 the diagram on the previous page need not be
0101 constructed using ET materials. A variety of
------- existing technologies may be suitable. The only
0231 feature required by this binary multiplier for
011 these elements is that they have the ability
----- to either transmit or block incoming light,
031 according to the values of the binary digits
11 they represent.
11

Utilization of the Dynamic Range of ET Materials
Discussion =-- the DMAC algorithm illustrated above requires
conversion of base-n convolutions into binary numbers, a
laborious and time-consuming task. A possibility for reducing the

complexity of this chore entails a more efficient exploitation of

59-14

MR RANANYHMENE FAMNEMRMANFIN U Y RAEANR FYFEEAA AN MY ™ ERENTE WA LA LN A S Y I A AALSE YARAR AN ARANRDAN AR



the large dynamic range of ET materials. Analog conveluticn may
be performed in higher-order number bases. Fewer transfcrmaticns
(producing sum and carry) are required -- one per digit cclumn in
the selected number base -- at the expense of resolving higher
numbers of distinct analog levels (K). Acdciticrnal <elay is
incurred when converting product terms to binarv Zfcra.

The final segments of this report illustrate a pcssible means
of multiplying two binary operands, yielding a binary result, by
convolving either 8-level (octal) or 1l6-~level (hexadecimal)
analog intermediate numerical representations. Methcdologies have
been developed that could exploit the large dynamic range of ET
materials to perform column adjustments in higher-order number
bases, thereby dramatically reducing the "column carry overhead"
entailed by existing digital multiplication schemes.

A. Octal Digits (example)

Procedure -- 1. Convert operand 1 from binary to octal
representation via analog addition of bits, and
write the analog result onto ET material;

2. Perform DMAC by reading the octal conversion of
operand 1 with an octal representation of operand
2, projecting the resulting analog products onto
ET material column sum accumulators;

3. Convert column sums back to analog octal values;

4. Convert octal digits back into binary form.

A multiplication scheme using octal digits in intermediate
calculations is illustrated in the diagrams that follow. The
numbers that have been assigned to each accumulative element
represent a relative stored energy level. For a linear range of
energy levels between 0 and K, the fraction (i/7) of the maximunm
energy K that may be stored in a particular accumulative element
can be interpreted as an octal digit. The fractional values shown
represent filter transmittances. The energy level of an input
binary digit is equal either to K, representing binary 1, or to
0, representing binary 0. Conversion from binary to octal
representation can be performed in a single step, with all bits
of the original binary operand being projected through
transmissive elements onto octal digit accumulators in parallel.
The multiplication step is similar; however, note that the ET
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material output resulting from the 1illumination c¢f one cctal
cperand by a seccnd octal operand will represent the analeg
product of the two operands. The resulting cclumn sums correspond
directly to the analog convolution cf appropriate octal digits.

Products / Column sunms

42 35 49 07
18 15 21 03

12 10 14 o2

24 20 28 04

42 53 76 62 37 30 04
(analog conveclutions)

Equivalent column
sum calculations

Cy = (7%6) = 42
Cc = (7*5) + (3%6)

0
“
neanan

b3go—1-—
byg—1~-
bpp—=0-
byy = 1—
big—=0-
byy—1-—
boa—1—
boy —0—
bog—0—

(7*7) + (3*5)
(7*1) + (3%7)
(3*%1) + (2*7)
(2*1) + (4*7)
(4*1) = 4

SN RATRANRANIRS
SINININISISIS

Y
N

-4
~N
V/

A
<
/\l

B+ ++ 0

53
(3%6) = 36

G

W
']
]
(I

) () )
|

A JEE o Bl

I
|

mom M M
-l =\ - )
|

Yy n
-4

S
|

ay —
apz —
dgy =
agg —

(2*5) + (4%6) = 62

(4*5) = 37
30

|
o J s
NN

- Q) —t -t
(|
A= fhofd
i~ 5

LT,

1 -
0_
0 -
1 -

N
N

A
.
V/

@-/
~N

g

\I/ N/ NI/ A

QL
N

5

NV VAR VERNY

NN

=IO O =IO |=INOO -l o

i

I H )

37 |

30
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Column conversions (base 10 rerresentaticns of column sums shown)

42 53 76 62 37 30 04 Analeg convolution results

||
3 6 4

42 53 76 62 40
| Illustration cof the principle

5 0 of Column Conversion =--
42 53 76 67 ======csc-—scmcs- > read out and erase C;;
| look up octal cenversion of C;
: 1 0 3 Ke-mmemcccccccccea- and add this three-digit
——— number back to the
42 54 7? result accumulatcr.
1 1 4
43 55 Conversion of an octal digit to binary
| form may be performed using a 3-bit
6 7 analog-to-digital converter. Optical
- table look-up a-to-d converters proposed
49 by Dr. Alastair McAulay represent an
| ideal solution to this conversion task
6 1 (see references).

B. Hexadecimal Digits (example)

"Multiply A (1111 1111 1111 1111 = FFFFh)
times B (1111 1111 0011 1100 = FF3Ch)."

Step 1 -- Convert A to — 11— |ens
hexadecimal — 1 — | 415 \
representation —_1 = ______....-—-""' F
and store on an — | 215 ”,ff"’
ET material — 1 = | ins
surface as a hex ] T
digit H, with a S
correspénding —_ 1 — | 4115 hh““xﬁhh
energy level ' :::::::: F
E, = ((H/15) * K). — 1 = lons /
. — 1 — |15
Step 2 -- Convert B to — {1 — | 815
hexadecimal — 1 — [ 215 A
representation and
project through — 1 — {215 7
multiple copies of —1— |15
: A, summing the :
analog products at —_— 1 — | 8/15
: C to form analog —_1 “‘xﬁhﬁg
convolution terms, — | 415 ; F
as shown. — 1 - | 215
— 11— Jns /
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Step 3 -- Use the analeg value rerresenting each convelution teo
look up a ccrresponding S=-digit hex number, which is
added back to the product column sums as before.

Column conversions

-] -

L

-
- —

225 450 495

225 450 495

225 450 455

225 450 496

1 15 11
226 467

13 g
S

18

/_:

o

RERE
W
Li :

LL]

&
—
(7

O
Al wl niw

180

(base 10 representations shown)

675 450 225 180

0 14 12
675 46?
13 0
688
|
0

FFFF h
* FF3C h

FF3B00C4 h

Initial Column Summations

225 225 225 225
225 225 225 225
45 45 45 45
180 180 180 180

225 450 495 675 450 225 180

Analog Convolution Ternms

(Total time required) =
(time required to convert operand 1
to hexadecimal representation)

+ (time required to shine hex operand
2 through copies of operand 1 and
accumulate N column sums)

+ (conversion and add-back times for
resulting convolutions)

+ (final hex-binary conversion time)
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Recommendations

The inherent parallelisz and potential high-speed performance
of cptical systems offer an alternative technology for the
scluticn of prorlems associated with electronics. The Air Force
shculd continue to support the development of these systems. Two
azzslications c¢f iomediate concern to the Air Force are
analcg-to-digital conversion and fast numerical calculation.

In this report, I have summarized investigations of new
photonic materials and their potential impact on optical
processing technology. Based on our findings, I recommend the
following program of action:
1._Undertake precise characterization of Electron-Trapping

materials supplied by Quantex Corperation, as discussed in
section VI of this report:;

2. Support the development of analog-to-digital conversion
systems (such as those proposed by Dr. Alastair McAuliy)
utilizing new optical technology and new photonic materials;

3. Support the development of digital/optical interface devices
to allow easy interconnecﬁion of electronic and optical
sub-systens, thereby encouraging optical sub-systenm
development;

4. Support development of more complex optical sub-systems, such
as the fast multipliers outlined in section VII of this
report.
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A REVIEV OF VORKLOAD MEASUREMENT IN RELATION TO VERBAL
COMPREHENSION
by
Stephen T. Morgan

ABSTRACT

In a command and control environment, many individuals are called upon to
engage in two activities simultaneously. Communication with others is
often one of these tasks. It is crucial that there be no decrement in
performance on either task, especially in crises situations where heavy
loading on the cognitive system is apt to be present. In order to
optimize an individual’s performance, processing strategies need to be
analyzed and the most efficient ones incorporated into appropriate

trai ing programs.

This paper reviews the literature regarding workload measurement
techniques. The purpose is to investigate the most efficacious method of
assessing processing load during verbal comprehension. Dual-task
paradigms are found to be valid indices of mental workload. Problems
associated with this technique are evaluated and a possible assessment
method is offered.
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I. INTRODUCTION

Many who work in technical settings are often called upon to engage in two
activities at the same time. One of the most common examples of this may
be seen in those who verbally communicate while devoting attention to some
other task. In a command and control environment it is crucial that high
performance levels be maintained on both tasks, especially in stressful
situations vhere heavy loading on the cognitive system is apt to be
present. In order to better understand the nature of time-sharing within
the cognitive system, and thus keep dual task performance at optimal
levels, it would be helpful to have a clear understanding of the related
factors.

I am a gradvate student in the field of cognitive psychclogy. My research
interests involve the application of workload measurement to verbal
communication. This resulted in my assignment to the Human Rescurces
laboratory.

II. OBJECTIVES

In analyzing time-sharing processes, the research community has used
several techniques to measure the relative mental workload required *o
process incoming stimuli. These measures provide data which are useful in
understanding hov multiple stimuli compete for limiied processing
resources. Hovever, there is still some question as to hov stimuli from
different dimensions compete vith each other. Any attempt to measure
cognitive loading of tvo stimuli of differing dimensions must address this
issue. This paper will reviev vork done in the area of mental workload
measurement. Specifically, current mental workload measurement techniques
vill be examined, as wvell as the information processing theories on which
they are based. Folloving, the literature vhich deals with competition
betveen stimuli from different dimensions will be revieved in order to
investigate their demand for processing resources.
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III. THEORETICAL OVERVIEW

Any measure of cognitive loading requires the researcher to make certain
assumptions regarding the nature of sur processing system. These
assumptions, wvhich deal with the structure and capacity of our mental
resource system, are embedded within a number of information processing
theories. An overviev of these theories would be helpful in order to
provide the framework out of which current cognitive measurement
techniques arise.

The investigation of attention has been an area of concern for many
investigators since the beginnings «f experimental psychology (James,
1890; Titchner, 1908). The Behaviorist and Gestalt schools of the early
tventieth century went on to minimize the role of attention in their
approach, hovever, and it vasn’t until the 1950’s that attention began to
play a key role in the burgeoning field of cognitive psychology (Kahneman,
1973). It wvas at this poiut tha: some of the first comprehensive models
of information processing vere put forth. These models have evolved over
the course of the last thirty years in order to accommodate a growing body
of research in the field.

Broadbent (i958) viewved the human information processor as working within
the constraints of a limited capacity. This theory, like other
"bottleneck" theories, claims that vhen an individual is presented vith a
number of different stimuli simultaneously, all information is processed
in parallel until it reaches some specific point (the "bottleneck") at
vhich the system must deal vith the information in a serial manner.
Broadbent’s filter theory posits that the stimulus vhich is not processed
immediately is held in short term store until the processor completes
perception and analysis of the first stimulus. It is only vhen the first
stimulus has passed through the bottleneck that processing can begin for
the second.
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In a modification of Broadbent’s (1958) theory, Treisman’s (1960) model
presented filtering as a matter of attenuation. That is, processing vas
not vieved as an all-or-none phenomenon, but as a matter of degree,
vhereby the unattended message is not completely ignored, but rather
treated with highly reduced sensitivity within the processing system.
This model allowed for some results obtained on dichotic listening tasks
which indicate that the unattended ear does indeed pick up a certain
degree of information (Moray, 1959).

Vhereas Broadbent’s (1958) theory places the bottleneck just prior to
perceptual analysis, Deutsch and Deutsch (1963) claim that the bottleneck
occurs after perceptual analysis, but prior to rehearsal and response
selection. Interference is caused not simply by competition for
recognition of the stimuli, but by competition for appropriate responding
processes to the incoming stimuli.

It is important to note that the main emphasis of bottleneck theories is
the presence of a single limited capacity processor. Only one stimulus
can be processed at any point in time due to a single mechanism through
wvhich all incoming stimuli must pass.

Alternatives to the single channel theory of processing were suggested by
a number of investigators. Moray (1967) proposed a system in which the
capacity of the human processor is not limited by the structure of the
processing mechanism, as in the bottleneck theories. Instead, Moray
claimed a capacity theory which argues that processing limits are due to
the overall capacity of the system as a vhole. Every operation is said to
drav on an undifferentiated pool of resources. These resources can be
divided and used in vhatever vay is most appropriate to meet the demands
placed on the processor. Thus, parallel processing can occur within the
system as long as the total demand does not exceed the total capacity of
the processor.
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Kahneman (1973) provides another model of the processing system. He
asserts that neither the single channel nor an undifferentiated capacity
model are adequate to fully explain research reported on the subject.
Rather, he advocates a model which combines aspects of both. In this
model, interference can be explained by competition for the same
operation-specific mechanism needed to process two stimuli at once.
Interference can also be explained by the combined demands of the two

stimuli exceeding the total capacity of the system. Thus, Kahneman

includes in his theory both an undifferentiated capacity for the whole
system as well as a number of sub-structures for which competition takes
place. Furthermore, Kahneman maintains that the total capacity is
determined by the demands made upon the system. That is, effort or
attention are viewed as operating as a function of the complexity of the
task at hand. The task demands a certain degree of arousal independent of
the intentions of the processor, but dependent upon the physiological
excitation created by the task (Kahneman, 1973).

Norman and Bobrow (1975) expanded on Kahneman’s position by introducing
the distinction betwveen data-limited and resource-limited processing.

e

According to these authors, interference between two tasks may be due to

limited mental resources available to the processor. Diverting resources

to a single task will yield an incr:ase in perfcrmance only up to a
certain point. At this point the limiting factor is the quality of data,
and the processing is referred to as being data-limited. This model

claims, then, that concurrent performance on tasks which require common

B o s = g

resources vill shov a decrement relative to single task performance.

L o e o e ge s L)

Other investigators have argued against any inclusion whatsoever of
single-channel theory in a model of attention. These theorists (e.g.
Allport, Antonis, and Reynolds ,1972; McLeod ,1977; lavon and Gopher,
1979) postulate a multiple resource model of mental processing. In this

model, there is no overall capacity containing a number of sub-structures
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as in Kahneman’s (1973) model. This model posits that different mental
operations tap different resource pools, with each pool having it’s own
capacity. The amount of interference between any two tasks depends on the
degree to which the two tasks share a common processing mechanism. In
this viev, the more similar two tasks are to each ogher, the more
interferencé is expected (Wickens, 1984).

In an effort to clarify the issue of what factors are involved in task
similarity, Wickens (1984) proposes a structure of processing which
divides our resources into three dimensions. These dimensions are: (1)
stages - early vs. late processing. (2) modality - auditory vs. visual
encoding. (3) processing codes - spatial vs. verbal. According to this
representation, greater interference will occur for two tasks which lie
wvithin the same dimension than for tasks which lie in different
dimensions. '

IV. Measurement Techniques

Measures of cognitive workload are many and varied (Moray, 1982; Williges
and Vierville, 1979; Hicks and Wierwille, 1979; Wierwille and Conner,
1983). 0’Donnell and Eggemeier (1986) have proposed three major
categories into which workload assessment techniques may be divided.
These are: (1) subjective measures, (2) performance-based measures, and
(3) physiological measures. Subjective measures require an individual to
report (usually by means of a rating scale) his or her subjective
assessment of the amount of mental effort demanded by a particular task.
Performance-based measures use an individual’s ability to perform a single
task or concurrent dual tasks as an indication of mental workload.
Physiological measures rely on physiological changes within the organism
as an indication of workload demands.

0'Donnell and Eggemeier (1986) point out that due to the variety of

assessment techniques, one must exercise a good deal of discretion in
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choosing the most appropriate method for any particular application.
Decisions should be based on practical as well as theoretical
considerations such as sensitivity, intrusiveness, and implementation

requirements of each technique.

V. SUBJECTIVE MEASURES

Much work has been done in the area of subjective measures of cognitive
workload (Moray, 1982). VWilliges and Wierwille (1979) have classified
existing subjective techniques into two broad categories - those that use
a rating scale in the assessment, and those that rely on a questionnaire
or interviev. 0’Donnell and Eggemeier (1986) have classified subjective

scales into the areas of rating scales and psychometric techniques.

Among the rating scale measures is the Cooper-Harper Aircraft Handling
Characteristics Scale (1966). This scale vas designed for pilot use, but
has been modified by several researchers for use in the general population
(e.g. Volfe, 1978; Vierwille and Casali, 1983b). Reflective of other
rating scales, the Cooper-Harper scale demonstrates a high level of
sensitivity to a number of different loads. It also requires minimal

practice and implementation requirements. However, the scale rests on the

assumption that ease of aircraft handling is directly related to mental
vorkload. Although we may assume a relation between these processes, it
may not be the case that this relation is always a direct one (0’Donnell
and Eggemeier, 198%5). Other problems with rating scales in general include
operator adaptivity, subjective confusion between mental and physical

] vorkload, and incorrect subjective estimation of the actual workload
required (Villiges and VWierwille, 1979).

An alternative approach to rating scales are interviews and

questionnaires. The structure of this method can vary from completely
open-ended interviews to highly controlled questionnaire items. These
measures are most often used for suppi.=antal data for more objective
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techniques, and are rarely used as the only measure of workload (Williges
and Wierwille, 1979). The advantage of such techniques lie in the
unobtrusiveness and ease with which they may be implemented. However,
problems with structuring and quantifying the results of such measures
préclude their use as a workload metric in anything more than a

corroborative role.

Psychometric techniques, on the other hand, overcome some problems
associated with questionnaires by providing a quantitative measure which
allovs for interval-scaled data. This advantage allows analytic
procedures which examine differences in the magnitude of workload between
tasks. There are several types of psychometric measures including
magnitude estimation, paired comparisons, the method of equal comparisons,
and conjoint measurement and scaling (0’Donnell and Eggemeier, 1986).

Although subjective scales have been shown to be sensitive indicators of
vorkload, investigators such as Gartner and Murphy (1976) and Williges and
Vierwille (1979) have noted restrictions for these measures. Possible
confounding influences include confusion between physical and mental load,
subject bias towards what the task "should" require instead of the actual
task demand, the relation of subjective report on short term memory, and
the possibility that not all processing is open to subjective awareness.

VI. PHYSIOLOGICAL MEASURES

Physiological methods of assessing worklo.d are some of the most widely
researched measurement techniques (Wierwille, 1979). 0'Donnell (1979)
reports that although these measures initially appeared to be good indices
of mental effort, many studies failed to find consistent, significant
changes that are reflective of concurrent changes in workload. This
failure can be attributed, in part, to the implementation requirements of
such techniques. Rather than treating physiological measures as a global
indication of effort, it was realized that these measures are most
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efficacious in respect to specific physiological processes (Hassett,
1978). O’Donnell and Eggemeier (1986) have divided physiological
measurement techniques into several groupings. These are: measures of
brain function, measures of eye function, measures of cardiac function,
and measures of muscle function.

Measures of brain function utilize the electroencephalogram recorded from
an individual. The EEG can be monitored in order to distinguish changes
in potential which are related to a specific event. This event-related
potential (ERP) is then used as the index of workload. Use of ERP’s has
been discussed by Isreal, Wickens, Chesney, and Donchin (1980). These
authors have suggested that use of ERP is indeed a valid measurement
technique and may have advantages over other measures including
unobtrusiveness and sensitivity to non-rognitive variables such as
physical workload.

Investigation of the P300 brainwave has revealed that it is elicited when
a subject engages in processing. Although this measure is primarily used
vith discrete stimuli only, possibilities exist for its use with
continuous stimuli. However the technique requires systematic validation.
Also, cost and implementation concerns may be inhibitive for such an
assessment method.

Heasures'of eye function are a relatively good tool for assessing mental
load. Since humans normally take in much information visually, and due to
the relative ease with vhich the eyes may be observed, measurement of eye
functions have been investigated. Current eye functions used to measure
cognitive loading include pupillary response, eye point of regard,
scanning patterns, eye blinks, and eye movement speed (0’Donnell and
Eggemeier, 1986). These techniques, like most other physiological
techniques, have the disadvantage of requiring rather elaborate apparatus
and do not transfer well outside of the laboratory.
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Other physiological measures are those which rely on cardiac and muscle
function, by means of electrocardiograms and electromyograms respectively.
"Use of these measures have shown to yield general, global relationships
vith mental workload (Kalsbeek, 1973; Stern, 1966). However, there are
confounding factors associated with such measures as the exact nature of
how each particular measure is taken may vary from one researcher to the
next. For example, cardiac measures may vary in their emphasis in timing
and voluse. These measures may be considered promising in regard to their
potential, but lack validity at the present.

VII. PERFORMANCE BASED MEASURES

Measures of mental workload which utilize subject performance on one or
more tasks have been used extensively. These measures rely on the
assumption of a limited capacity of processing resources. 0’Donnell and
Eggemeier (1986) have divided these measures into those that make use of
primary tasks and those that use secondary tasks.

Primary task measures initially assess the performance of an individual on
a task. As task demands increase it is assumed that performance will
generally show a degradation, which may be used as an index of workload
(Villiges and VWierville, 1979). Primary task measures may use a single
aspect or multiple aspects of a task in their assessment. Examples of
those that use a single aspect of task performance are measures of error
rate or latency of reaction. This technique has had successful
implementation by a number of researchers (e.g. Isreal, Vickens, Chesney,
and Donchin, 1980; Percival, 1981). Primary task measures which evaluate
multiple aspects of a task do so in order to increase their sensitivity by
decreasing measurement error or increasing the precision of measurement
(0’Donnell and Eggemeier, 1986).

Secondary task measures require that a subject engage in two tasks
concurrently. The subject is instructed to give priority to one task, the
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primary task, vhile performing a secondary task. Performance on the
secondary task provides a measure of processing demands of the primary
task by giving an indication of the spare mental capacity associated with
it (the primary task). When a subject performs worse on a concurrent
secondary task than on the same task alone, the primary task is considered
to require processing resources. Secondary tasks have been extensively
employed in mental resource assessment studies and have demonstrated their
effectiveness as a diagnostic tool (Kerr, 1973).

A number of secondary tasks have been used wvith success vithin this dual
task paradigm. Michon (1966) used rhythmic tapping in which the subject
is required to maintain a steady rate of finger tapping. Michon proposed
that the demands posed by the primary task would disrupt the regularity of
the tapping task. Posner and Boies (1971) have used a probe reaction
technique in which subjects are required to respond to the presentation of
a probe stimulus. This method assumes that as the processing resources
for the primary task increases, slover reaction times to the probe will
result. Sternberg (1966) proposes a memory search task which is similar
to the probe reaction time task. Sternberg’s task requires the gubject to
respond as quickly as possible vhether or not a presented probe is a
member of a previously memorized set. This method assumes that as more
processing resources are demanded by the primary task, slower reaction
times to the memory search will result. Yet another secondary task which
has been used with success involves tracking. Pover (1986) reports using
a tracking program in which a subject is required to manually direct a
target betveen a pair of undulating lines. As a concurrent primary task
changes in it’s demands, performance on the tracking task has been shown
to change in a reflective manner. That is, the greater the primary task
demands, the poorer the tracking.

This dual task paradigm is based on the assumption of a limited capacity

vithin the processing system in which twvo incoming stimuli requiring
processing energy vill often compete for available resources. The
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question remains, however, as to what the exact nature of the stimuli must

be in order for there to be competition.

The literature concerning this issue has demonstrated that concurrent
processing of varying stimuli may show interference to varying degrees.
However, the processing of multiple stimuli almost always demonstrates a
degradation in performance in relation to performance on either task
alone. Mowbray (1952) reports that visual and auditory alphanumerics
interfere with each other when subjects attempt to process both at the
same time. In this study, subjects were required to report missing items
in the alphabet or in numerical sequences when presented in one of four
possible combinations: visual alphabet, auditocy numerals; visual
alphabet, visual numerals; auditory alphabet,auditory numerals; auditory
alphabet, visual numerals. Sequences vere also presented in
non-simultaneous conditions. The results indicate that significantly more
errors vere made in the simultaneous condition than in the
non-simultaneous condition.

Brown, Tickner, and Simmonds (1967) examined the effects of concurrent
communicating and driving an automobile. Subjects were asked to judge
vhether they could drive through gaps that were close in size to the width
of their car. At the same time, messages presented via a radiophone
required the subjecf to answer true or false to a reasoning problem such
as "AB - A follows B". Performance was measured by a correct or incorrect
response, as wvell as the response time. Performance on the driving task
vas based on the subjects decision to try to clear a gap, speed of
completing the driving circuit, and the frequency of foot and steering
controls used. Subjects were also tested on their driving and their
communicative/reasoning skills alone. The results indicate that subjects
performed significantly pcorer on both tasks when engaging in them
concurrently than when engaging in each alone.
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Trumbo, Noble, and Swink (1967) investigated the effects of secondary
verbal tasks on tracking performance (primary task). Verbal tasks
required subjects to anticipate and respond verbally to a series of
numbers presented aurally at three second intervals. A control group
vhich engaged only in the tracking task was also a part of the design.

The authors report that those subjects who engaged'in both the primary and
secondary tasks concurrently showed significantly poorer performance on
the tracking task than those subjects who engaged in the primary task |
alone.

In another study involving tracking a dual-task paradigm, Wright,
Holloway, and Aldrich (1974) examined subjects attention to visual and
auditory verbal information while tracking. Subjects were required to
process verbal information and perform a kinaesthetic tracking task
concurrently. The tracking task required that a subject place his left
index finger in an apparatus that randomly moved away from and toward a
subject over a 15 cm. distance. The subject was to track with his right
index finger which was in a similar apparatus. Tracking error was larger
vhile receiving the verbal message, compared to control, for both auditory
and visual messages, though the effect was greater for visual messages.

Vickens (1983), in an investigation of the effects of multimodal,
concurrent processing reports similar results. Subjects in this study
vere required to respond either visually or spatially to verbal commands,
vhile performing a manual control task. Greater interference was
demonstrated for those subjects who vere asked to respond spatially than

for those who were to respond verbally. However, time sharing efficiency
vas disrupted for both conditions.

" These studies have been reported here in order to demonstrate the effects
of multimodal, concurrent processing of multiple stimuli. Though
obviously not an exhaustive survey, these studies are consistent with a
great number of other experiments which have examined this issue in that
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they report greater interference for processing two stimuli concurrently
than for a single stimulus alone. Although it has been demonstrated that
timesharing may be poorer if the stimuli arise from the same dimension,
the literature is consistent in its findings that stimuli arising from

different dimensions should nevertheless show some interference.

VIII. RECOMMENDATIONS

In addressing the need for a measure of cognitive loading during verbal
comprehension, this paper has examined some concepts related to the
assessment of mental workload. It has been reported that a performance
based measure appears to be a valid, easily implemented metric of mental
effort. It is argued that the use of a dual task paradigm which employs
concurrent tasks of differing dimensions should assess processing load.
Vith this point in mind, it would seem appropriate to measure mental
effort for verbal comprehension with a concurrent motor task. As the
dual-task paradigm relies on interference between two stimuli, we may
conclude that this assessment technique is capable of demonstrating
sensitivity to mental effort even if the tasks employed arise from
different dimensions.
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DEVELOPMENT OF A LONG TERM SOLVENT DELIVERY SYSTEM

| by
Lisa M. Morris

) ABSTRACT

The basic principles have been established for
developing a long term organic solvent delivery system.
This system would be wuseful in studying neurobehavioral
toxicity of various organic chemicals. 15151
trichloroethane (TCE) was delivered in vitro from a 0.2 ml
reservoir ALCAP (alumirum-calcium- phosphorus oxide)
ceramic delivery system. A sustained release of 1,1,1 TCE
was attained for 15 days with a release rate of 0.65 mg/hr.
A modified 2 ml reservoir ALCAP solvent delivery system had
a2 sustained release of 28.8 mg/hr for four hours. In vivo
intraperitoneal implantation of the 2 ml reservoir produced
a sustained release of 6.9 mg/hr for 2 days as monitored by
blood levels of 1,1,1 TCE. Release declined for the
following six days. The data obtained in this
investigation suggest that this simple device can be wused

for long term delivery of organic solvents.

61-2

N R PRy —p . M i mR ¥ 1980 rad ol F RN ralE il Sl Sl AR TR LA P P SO TR e LA R MR A B AR A A S A EE A fu TR St B% Srih & Em 8



ACKNOWLEDGMENTS

I wish to thank the Air Force Systems command and the
Air Force Office of Scientific Research for the sponsorship
of this research. I would especially 1ike to thank the
AAMRL/Toxic hazards Division for providing the research
laboratory and support for this investigation. I also wish
to thank Universal Energy Systems for sponsorship of this
program.

The University of Dayton Glass Blowing Laboratory
deserves special thanks for providing all the glass
reservoirs and the modifications needed at a moments
notice. Also the University of Dayton Biology Department
for providing the ceramics needed for this investigation.

Special thanks goes to S.Sgt. Greg Cason for having
the patience to teach me how to use the various gas
chromatographs and providing technical assistance, S.Sgt.
George Bates and S.Sgt. Todd Facekas for providing
catheterized rats needed during this investigation and
S.Sgt. Dave Hoover for providing moral support and
providing personnel and all the other little things needed
during my research. I am indebted to Dr. R. Drawbaugh for
providing moral support, encouragment, suggestions for
improvement of the device, giving me the opportunity to
work at the Toxic Hazards Laboratory and providing

facilities and personnel to complete my reserach project.

61-3

BT W

SO TEMRELA AR 7 LA AR | LA FRATWA INPETEAPRT TR (WA M TAMLTSMR WA A A WA FUA A A WA VAR TR WA T ANA IRANANANA AR AMANRARARARNXENAENER N



I. INTRODUCTION:

1,1,1-trichlorethane (TCE) is a widely used solvent
for natural and synthetic resins, oils, waxes, tar and
alkaloids, clearing electrical machinery and plastics and

is found as a water contaiminant. Exposure to this chemical

is generally through inhalation or percutaneous absorption
in the work environment. Volatilization of 1,1,1 TCE from a
disposal site, particularly during drilling or restoration
activites, could result in inhalation exposures. In
addition, the potential for ground water contamination is
high, particularly in sandy soils. Recreational use of
these ccntaiminated waters could result in dermal
exposures.

The National Institute for Occupational Safety and
Health, and the Occupational Safety and Health
Administration specify permissible exposure 1limits for
humans to minimize chronic exposure of workers to these
chemicals (NIOSH, 1987). These limits are obtained through
experience by actual situations where unsafe conditions
have occurred and through animal studies.

Acute exposure studies which monitor sensory and motor
systems have received considerable attention, however, a
lack of knowledge exists on the effects of the solvents
after long-term exposure. An animal model of the effects
of chronic exposure would lead to more accurate methods for
predicting neurotoxicity of toxic chemicals (NIOSH, 1987).
Although the patterns of the behaviors observed are often

unique to the particular species studied, they are
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generally common ¢to all animal species including man
(Reiter, 1978). Extrapolation utilizing models can be made

to help determine maximum safe levels that can be -

maintained in the work environment.
A major limitation in performing chronic studies are
the devices wused for exposure to the chemical. Most

studies employ an oral gavage (Melrich, 1987) or inhalation

apparatus (Gargas, 1986) which restricts the animals normal
movement and behavior patterns or an oral gavage (Melrich,
1987). The solvent delivery device proposed in this study
would help to eliminate the need for an inhalation chamber,
decrease the amount of experimenter interference, allow
4 accurate dose prediction and allow complete freedom of
movement of the animal.

Previous work conducted by Dr. P.K. Bajpai has
involved ALCAP ceramics for delivering a variety of
4 substances. ALCAPs can deliver hormones, proteins, and

polypeptides (Bajpai, 1985).

Il. 0BJECTIVES:

a. My project at Toxic Haxards Laboratory was to develop a
long term solvent delivery system which could release an
organic solvent in a sustained manner for a period of one
week. The first phase was designed to obtain a sustained
release in vitro.

b. Once a delivery system was decided wupon, thé second
phase involved implanting the device intraperitoneally and

monitoring blood levels of the chemical to determine its
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pattern of release in vivo.

ITII. MATERIALS AND METHODS:

A. Chemical

1,1,1 Trichloroethane (99.9% pure) was obtained form
the Aldrich Chemical Company (Milwakee, WI.). Experiments
were conducted with a mixture of 5% mineral oil and 1,1,1

Trichloroethane.

B. Fabrication of ALCAP Ceramics
Aluminum-calcium-phosphorus oxide (ALCAP) ceramic

capsules were fabraicated by calcining a mixture of

W

aluminum oxide, calcium oxide, and phosphorus pentoxide
(50:34:16) powders (Fisher Scientific Co., Fairlawn, N.J.)
at 1315 C for 12 hours. The calcined material (ALCAP) was
ground in a ball mill and sized in a 400 mesh per inch
sieve to obtain particles of 1 to 38 microns. One gram of
the ceramic particles and .0025 gm polyvinyl alcohol (PVA)
were then pressed at a pressure of 5000-7000 pounds on a
French pressure cell press (Americal Instrument Co., Silver
" Spring, MD) into a cylinder shape using a 5/16" die set.

The cylinders were then sintered at 1500 C for 36 hours.

C. Glass Tube Inserts

One cm by four mm glass tubes with a reservoir
attached to one end were fabricated by the University of
Dayton Glass Blowing Laboratory.

1 1. Two hundred ul Glass Reservoir: One cm by four mm

glass tube was inserted inside the ALCAP ceramic with a 200
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ul reservoir attached to one end. The reservoir extended
beyond the ALCAP giving a total length of 2.54 cm. The
glass had an openning of two mm at one end as well as a two
mm openning to the reservoir. The front end of the ALCAP
and the reservoir end was sealed with Silastic® Medical
Adhesive (Dow Corniné. Midland, MI.) and allowed to dry
overnight. Two hundred ul of 1,1,1 trichloroethane plus 5%
mineral o0il were injected by a tuberculin syringe through
the silastic adhesive to fill the reservoir.

Various modifications to the 200 wul reservoir
were examined. These involved openning the glass tube
leading to the reservoir to four mm or openning both ends
so the entire tube was four mm.

2. Two ml Glass Reservoir: A four mm py four mm
glass tube had a two ml reservoir attached at one end. The
two ml reservoir has a removable top with a septum inserted
in the center to allow reinjection of fluids into the
reservoir. (Total length 5.08 cm.) The four mm end was
inserted into the ALCAP and sealed with Silastic Adhesive
along with the open end of the ALCAP and allowed to dry

overnight.

D. In Vitro Studies
1. Gas Chromatograph Standardization

A Hewlett Packard (HP) 5890 Gas Chromatograph (6C)
containing a Flame Jonization Detector (FID) and a 10 ft.
10% SE-30; 80/100 Supplecoport column was standardized in
the 10-100 parts per million (PPM) range using a 20 1liter

respiratory bag. The oven temperature was maintained at
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100° C, the injector temperature at 125° C, the detector
temperature at 300° C, and the Nitrogen carrier gas was
maintained at a flow rate of 25 ml/min. A Hewlett Packard
3393A Integrator and a Hewlett parkard 19405A Sampler/Event
Control Module were wused 1in conjection with the gas
chromatograph for analysis of the one ml samples injected
into the GC.
2. Analysis of 1,1,1 - Trichloroethane

A1l ALCAP ceramics used in this phase were pressed at
7000 pounds on the French pressure cell press. In Vitro
experiments were conducted by suspending the ALCAP
reservoir delivery device (0.2 and 2 m1) by a string inside
a3 108 ml glass gas 1injection <chamber. The chamber was
attached to a reciprotor electromagnetic piston air pump
which in turn was connected to the Gas Chromatograph. A
constant air flow of 120 m1/min was maintained through <{he
glass chamber by the air pump. The HP Sampler/Event
Control Module was programmed to automatically sample one
ml of air from the glass chamber. Concentration of 1,1,l

trichloroethane was determined from the standard curve.

E. In Vivo Studies

The ALCAP ceramics used in this phase of the project
were pressed at 5000 pound on the French pressure cell
press. The rate of release of 1,1,1 trichloroethane 1into
the blood was monitored in rats implanted with a two ml
ceramic reservoir containing two m1 1,1,1 trichloroethane

and 5% mineral oil.
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1. Catherization

Two 320 g Fischer 344 male rats (Charles River, MA.)
were anesthetized by a ketamine/rompun mixture (1 ml/kg)
for catheterization with a 22 G, 8 inch Deseret Radiopaque
cutdown catheter (Deseret Co., Sandy UT.) The catheter
tip was passed through the left jugular vein to the right
atrium and the sampling end passed under the skin to the
back of the neck. A velcro vest was used to protect the
sampling port.
2. Intraperitoneal Implantation of Ceramic Reservoir
Delivery Device

Four days of recovery from the <catheterization were
allowed before the delivery device was implanted. The two
rats were anesthetized by soaking gauze 1in a nine 1liter
glass desicator with 35 ml of Pentrane (methoxyflurane,
Abott Laboratory, Chicago, IL.) and placing them 1in the
chamber for 10 minutes. The rats remained wunder the
anesthesia for 10 minutes. 1,1,1 trichloroethane plus 5%
mineral oil was injected into the reservoir while the rat
was becoming anesthetized. A one cm incision was made in
the abdomen and the capsule inserted into the peritoneal
cavity. The incision was closed with two to three steel
wound clips.
3. Gas Chromatograph Standardization

A Hewlett Packard 5700A Gas Chromatograph (ec)
containing an Electron Capture Detector (ECD) and a 11 f;.
10% SE-30 Chromasorb W-HP column was standardized with

known concentrations of 1,1,1 trichloroethane (1 to 20
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ug/ml) in blood. A 100 ul sample of of blood from each
standard was placed over one ml of hexane and allowed to
equilibrate for one hour. The oven temperature was
maintained at 70° C, detector temperature at 250° C and an
Argon Methane gas was maintained at a flow rate of 20
ml/min. Aliquots of 100 ul of hexane were 1injected into
the GC port by means of a Hamilton syringe.
4. Blood Analysis Studies

Following implantation, blood samples were taken at
15, 30, 45, 60 minutes and then at one hour 1intervals for
six hours the first day. On the following days blood
samples were taken at 25, 26, 27, 28, 70, 72, 73, 99, 100
and 121 hours after implantation. The drawn aliquots of 100
ul of blood were placed over one ml of hexane and allowed

to equilivrate for one hour.

IV. RESULTS AND DISCUSSION:

A. Delivery of 1,1,1 Trichloroethane In Vitro

A sustained release of 1,1,1 trichloroethane from the
200 ul reservoir delivery device was maintained for 15 days
(Fig 1). The average release was 0.65 mg/hr with a range
of 1.08 to 0.43 mg/hr. A constant release was maintained
between days 5 and 12. The fluctuations seen prior to and
after this time are due to the initial saturation of the
ALCAP and the decreasing amount of fluid remadining
respectively.

Predicted blood levels by computer modeling found that

our levels would be exceeding low. Qur values were
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predicted to be 3.2 ug/ml, however, a level of 80 ug/ml {s
necessary to observe behavioral effects in rats.

Modifications of the system were examined to determine
if a higher release rate could be obtained. One
modification involved openning up the glass insert 1leading
to the reservoir so that the diameter was four mm except
for the front end which was maintained at two mm. This
resulted in an average release of 6.8 mg/hr for 2 days but
the amount of fluid released was steadily declining. A
sustained release was not obtained.

The next modification involved openning the entire
glass insert providing a diameter of four mm throughtout
the insert. This system provided a sustained release of
1,1,1 trichloroethane for 24 hours at a rate of 15.5 mg/hr.
This was beginning to look very promising but still the
release rate was too low to obtain any observable
behavioral changes in the animal.

Based on preliminary experiments done by Dr. P.K.
Bajpai and Debbie Hollenbach, the release from a plain
ALCAP with no glass insert provided a release of 432 mg/hr.,
However, the rate dropped immediately and within 30 minutes
the release was down to 72 mg/hr and dropping steadily. By
providing a minimal glass insert of only four mm by four mm
attached to a two ml reservoir, it was thought that a high
sustained release could be acheived. A similar pattern was
obtained as before (Fig 2) except a sustained release was
maintained for four hours at a rate of 28.8 mg/hr.

This system provided the best results to obtain
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constant release rate in the rat. Since the device would
be in the animal for one week, the exposure time of the
animal to the chemical would be 1longer than any other
system in use today. Behavioral changes could possibly be

observed due to the long exposure.

B. Delivery of 1,1,1 Trichloroethane In Vivo

The blood levels of the rats fluctuated dramatically
the first day with an average blood level of 1,1,1 TCE of
8.3 + 3.6 mg/hr (Table 1). A sustained level was :.2°n on
the second day (6.9 + 0.8 mg/hr). Unfortunately, one of
the rats catheters clogged at this time and only one animal
was avaiable for blood collection the remainder of the

time. Blood samples were not obtained on day 3. The

following days showed the rates dropping steadily wuntil a
minimum blood level of 2.2 mg/hr was reached on day 6.

Upon removal of the two ml ALCAP ceramic reservoir on
the third day from the one rat, 1.5 ml of 1,1,1
trichloroethane was still remaining in the reservoir. Five

hundred ul released over three days provides an average

release rate of 9.3 mg/hr compared with an observed average

day 6 had 1.25 ml of 1,1,1 trichloroethane remaining.
Release of 750 ul over 6 days had an average release rate
of 7.0 wmg/hr, This corresponded well to the actual
average release rate of 6.7 + 3.8 mg/hr.

This data shows that the release rate of 1,1,1
trichloroethane slows down with time and only provides a

)
release rate of 8.3 mg/hr. The ceramic device removed on !
i
]
'
!
!
|
|
sustained release rate in the very beginning of :

|
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implantation. It was unfortunate that samples could not
have been drawn on day three to determine if the rate was

maintained or if it started to drop at this point.

V. RECOMMENDATIONS:

Due to tﬁe limited amount of time avatlable for work
on this device, only the basic ideas and principles were
established. Further modifications to the ceramic device
will hopefully provide a delivery device for organic
solvents used in chronic neurobehavioral toxicity studies.

Recommendations to increase the release rate of the
chemicals include: 1) Increase the amount of PVA which
would increase the pore sizes; 2) Increase the particle
sizes from -400 to 325 or greater. This would also
increase the pore sizes; 3) Press the ALCAPs at a lower
pressure, from 7000 to 4000; 4) Increase the size of the
ALCAP. This would increase the surface to volume ratio
providing a greater surface area to release the chemical.
Along with these specifi. recommencations, mathematical
modeling of the ALCAP delviery device would be a tremcndous
asset to help understand modifications 1mplemented and
their effects on release. The wultimate test of the
delivery device would be to implant it in the animal and
monitor the home cage activity of the animal compared with

controls.
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Table 1. Amount of 1,1,1 Trichloroethane in the venous
blood of two 300 g catheterized Fischer 344 male rats
implanted with 2 m1 ALCAP ceramic reservoir solvent
delivery systems containing 2 ml of TCE plus 5% mineral
oil over a six day period.

mg/hr
Time (hrs) Rat 1 Rat 2 Average
0.25 12.66 5.20 8.93
0.50 5.25 2.47 3.86
0.75 2.82 6.13 4.47
1 3.71 3.84 3.77
2 4.31 8.77 6.54
3 4.56 6.34 5.45
4 6.22 7.34 6.78
5 8.36 13.50 10.93
6 12.02 11.60 11.81
25 6.23 5.34 5.78
26 6.06 5.75 5.91
27 6.85 6.09 6.47
28 4,59 5.27 4.93
70 4.12 55 o
72 9.84 -- .-
73 2.15 -- --
99 2.31 -- --
100 2.73 -- --

121 1.82 -- .3
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A _Human Factors Evaluation af the Advanced Yisual

Technology System (AVTS) Eve Tracking Oculometer

by

Jerome I. Nadel

A human factors evaluation of the Honeywell helmet
mounted eye tracking oculometer system was conducted.
Experimental tests were directed at identifying the
physical and anthropometric factors that lead to both
successful and unsuccessful oculometer operability.
Fupil size of the user was found to be the most
significant factor affecting system performance. Other
factors affecting system performance were
interpupillary distance (IFD) and helmet fit. It was
recommended that the electronic pupillary signal from
the systems IR camera be amplified. This, in
combination with a lower system pupil threshold, should
ensure measuwrement accuracy for at least B8Q% of the

user population.
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I. INTRODUCTION:

The Advanced Visual Technology System (AVTS) utilizes a
high—-resolution area-of-interest (Al) display
surrounded by & lower resoclution background. The AVTS

employs & combination (or independent operation) of eye

and head tracking devices to ensure that the AIO
provides the highest resolution at the point of regard.
General Electric Corporation, Simulation and Control
Systems Department, is the Air Force contracted agent
responsible for operations and maintenance of the
Honeywell Helmet mounted head and eye tracking systems.
This helmet mounted system is similar the eye—control
system described by Calhoun, Arbak, and Boft+f (1984).
Fresently, the AIQ is heavily dependent on the magnetic
head tracking device which directs the AIQ according to

directed head movements.

Because the AVTS was designed to operate with both head
and eye tracking capabilities, the Air IForce Human
Resources l.aboratory has requested that research be
conducted to determine the cause(s) of the eye-tracking
systems poor performance. Such perftormance was
characterized by incorrect pes:stioning of the AJ( 1n
in—dome flight simulation. This led to a comprehensive
human factors i1nvestigation assessing both machine
specifications and human limitations that affect the

AVTS s oculometer performance.
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As a graduate student of Industrial/Organizational
psychology I have focused my research efforts towards
applied psychological isswes, such as the effects of
self-estean on organizational decision—making (thesis
research). However, more trecently, I have focused my
research efforts towards the study of human factors
icsues., Such efforts, conducted at IEM's Charlotte,
N.C. human factors laboratory; include cumparisons of
graphics vs. text automatic teller machine (ATM)
screens, printer function key lavouts, and an
assessment of color preference +or print with
multi-color printers. My work with applied human
factors experimentation comhined with my extensive
studies in the fundamentals of psychological
experimentation, from design to statistical analysis,
have contriuvuterd to my assignment at the Air Force

Human Resources lLaboratory.

II. ORJECTIVES OF THE RESEARCH EFFORT:

As stated previously, the research problem was to first
identify the factors relevant to successftul oculometer
functioning, and perhaps more importantly, to determine
feasible solutions to correct these opraoblems. In
collaboration with Dr. Harold Warner, University of
Dayton Research Institute, a human factors evaluation
ot the Honeywell oculometer was conducteda. The human
factors evaluation was conducted (a) to identify the
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personnel for whom the ocuwlometer operates either
normally or incorrectly, (b)) to measwre the physical
eye and head dimensions of the test personnel, and (c)
to analyze the relationship between thes? measures and
the operability of the cculometer.

Unfortunately, unlike most empirical research efforts,
the complexity and dynamic nature of the oculometer did
not allow for one specific experimental design with
individually manibulated variables. The oculometer s
operation is based on an infrared reflection from the
retina and the cornea which must bypass the incoming IR
source to ultimately be picked up by an IR sensitive
camera. 0Once these reflection signals are captured in
the camera they must be processed by a host of computer
hardware and software to complete the image and insure
acurate eye tracking.

This dynamic multi-level processing system made the
identification and i1solation of specific problem
factors extremely difficult., Therefore, a step by step
“funnel~type" qualitative approach was taken initially
to shorten the list of possible factors. The initial
list of manual mode tests contained 37 possible
systematic tests. Examples from this manual mode test
list included: (1) Eye movement only, with head
restrained, (2} head movement with eye movement, (3}
B2ye colar, (4 "breaw-locs 0 (9 inTerpupliiat

distance, (o) tnfrared viewer to jock on oosiytion o 1R
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beam, (7} vertical vs. horizsontal eys movement, ()
calibration % linearization, (9) pupil diameter, and
{(1Q) size of tracking envelope for which =2ve tracking

can be maintained.

IlI. FPROCEOQURE:

As testing progressed, the previously mentioned
funneling of relevant factors hecame more apparent.

The procedures described in this section conform to the
sequence in which they were evaluated. The results
obtained from each set of tests prescribed a
reformulation of the next test series. This building
block approach allowed the experimenters to dismiss, or
follow up, specific factors depending on their apparent

relatedness to oculometer functioning.

a) Initial tests were directed at determining,
qualitatively, what factors appeared to etfect the eye
tracking systems performnance. Individuals to be used
for testing were screened and cateqorized by pupil
size, interpupillary distance (IFD), evye color, skin
tone, and helmet fit. Twelve subjects ran throuwgh this
procedure which basically consisted of (1) wearing the
helmet to determine fit, (2) capturing "lock- on" data,
(3) measuring pupil size as viewed on the aystams
monitor, (4) determining distance of the right eye from
the helmet 's vigor, (3) measw ing pupil regsponse as a

funcrtion of light directed at the eye (by size and
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oculometer operability), (&) determining relative
position of the corneal reflection on the pupillary
raeflection, and (7) measuring interpupillary distance.
All data were recorded and qualitatively analyzed to
determine which factors constituted further

investigation.

by It appeared from the +irst set of preliminary
tests, that although helmet fit appeared more critical
for some users than others, a positive helmet fit was
needed for both cculometer testing and AYTS "in dome®
gimulation training. Four designs were proposed to,
and discussed with, the General Electric engineers,
which included an internal strapping system, a three
bladder blood pressure cuff system, thermal lining with
position memory, and an internal rigid helmet liner

adjusted by a series of hand adjustable skrews.

c) The next series of tests were conducted to
determine individual differences on oculaometer tracking
envelopes; the area over which a "lock—on" could be
maintained. A "lock-on", indicated by a pupil and
carneal reflection enclosed within two vertical and
horizaontai gates on the systems monitor, defines the
eye tracking systems acknowledgement of eyve location.
All tracking envelopes were calculated in visuwal angle

as measured on a specially designed LED matrix ooard.
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d)  The results from previous tests led the
experimenter 's to pursue, more precisely, the inpact of
pupil size of the operability of the oculometer. Two
subjects {(including this experimenter) volunteesered to
have their right eye dilated with an atropine solution
for a within subject comparison of pre— and post—pupil
dilation parformance with the oculometar. RBoth pre-
and post—dilation experimental sessions were ldentical
once the helmet was placed on the head, data was
collected on pupil size, "lock-on" capabilities,
oculometer tracking envelaopes, and pupillary responss.
This full set of procedures was repeated twice for one
of the subjects (the experimenter) to determine the

reliability of the effect.

2) Once again, based on the findings of the previous
tests, additional testzs were conducted manipulating the
systems software parameters related to pupil size to
determine i+ changing the systems pupil size thresholds
and infrared projector intensities could facilitate
usability. As part of this test, low light goggles
{that pick up IR light sources) were used to determine
if the eve was in fact being +looded with IR light.
Gualitative inspection suggested that the eye was
receiving a strong IR signal from the projector.
Therefore, it was felt that the systems inadequacy was

coming from 1ts inablility to pick-up the reflection

coming back fram the retina once the light had passed
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the pupil. This led to a series of tests gpecifically

manipulating parameters related to pupil threshold.

+) Similar manipulations were conducted with the
hardware components of the eye tracking system.
Acknowledging the importance of pupil size on the
functioning of the oculometer, a pupil video was
engaged to monitor the actual pupil image the system
was receiving from the camera pick-up. In the systams
typical operational mode, the pupil image shown is a
composite or processed image that has gone through
seveial computer filters which identify and reconstruct
aspects of the pupil signal. If the signal (the IR
reflection coming back from the retina) is to weak, the
composite image, and its corresponding "lock—-on'" gates
will not appear. However, the pupil video allowed the
experimenters to view the pupil signal at below system
threshold levels. Fupil sizes and brightness, above
and below system threshold, weres recorded to assess any

syastematic effects.

g) The final step in this testing sequence involved a
systematic evaluation of the helinet mounted eye
tracking system’'s linearization and calibration
proceduires. This linearization establishes a
correction factor,  isted on a computerized iock-up
table, which adjusts the systems computed eve position

according to deviauvions calculated in linearization.
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The linearization task consisted of a subject, with
head fixed in a chin rest, fixating on individual LED's
on a matrix board while pressing on a trigger which
indicated apparent fixation. Through this procedure
the computer calculated the fixation deviations for
each point, extrapolating for imaginary points not

contained on the matrix beoard. Several tests were

conducted, manipulating verious soflware parameters
(i.e. normal vs. eliptical modes of operationi. At
extrem= angles of fixation, eye direction is determined
from the shape of the eye (Merchant ¥ Morrissette,
1973). For these extreme angles, the eliptical mode of
operation should be utilized.

It should be noted that the LED array was initially
designed to simulate visuwal angles on the parabolic
surface of the 24’ diameter dome. However, the data
outputs shown in the Honeywell documentation did not
conform to this ”Q%F—rectangie“ shape. Therefore,
saeveral tests were conducted, varying visual vs.
projected angles, to determine the configuration that

produced the most accurate and reliable results.

Iv. RESULTG:

a) The initial series of tests, utilizing data from 12
subjects was perhaps the most valuanle becauses it gave
direction +or the tests that followed. The results

from these tests reliably showed that pupil size had a
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significant effect on oculometer operability. The
range of the pupil size image, as measured +rom the
syetems monitor, ranged from 1.3cm to 3.5cm.
Unfortunately, a pupilometer could not be procured to
measure actual pupil size. Nevertheliess, it was felt
that the monitor generated images gave an accurate
measuraement of the relative differences in pupil size.
The operability of the oculometer appeared to be a
direct function of pupil size, with consistent
“lock—-on" above Z.%cm and no "lock-on" below 2.0cm.
The size of the pupil also appeared to detsrmine the
position of the corneal reflection relative to the
pupillary reflection, with the corneal reflection
approaching center as pupil size increased. The mean
interpupillary distance (IFD) was 69.9%mm with a
standard deviation of 4.44, This didn’'t appear to have
a significant effect of "lock-on" per se, but it did
appear to effect the tracking envelopes (see IV - c).
Other physical and anthropometric measures, such as
2yes disténce from the reflective visor and skin tone
and color, did not appear to have any significant

effect on performance.

b)  Unfortunately, the guantifiable effect of a secure
helmet fit on oculometer operability was wunobtainable.
This was due to the inability of the DBeneral Eleciric
angineers to prdduce the designed halmet systems in the

time course of the summer research project. However
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it was observed that the importance of helmet fit was

not invariant; it depended on pupil size. For the test

subjects with large pupils, obtaining easy "lack-on",
there was a large tolerance for helmet slip.
Conversely, for subjects with small pupils, praner

helmet. fit and positioning was critical.

¢}  The results of the tracking envelops tests
indicated that interpupillary distance did have an
effect on the symmetry of the envelope. The eye
mounted oculometer system has a reflective
semi-circular shield over the right eye (the eye the
system tracks). Differences in IFD will effect the
position of right eye relative to this reflective
surface, with larger IFD’'s positioning the eye toward
the right edge of the suwface. UOne factor that
affected the size and shape of the tracking envelope
was pupil size. However, it also appeared that there
was a negative relationship between IFD and the size of
the envelope to the right, or the degree of tracking

envelope asymmetry.

d) The most conclusive results obtained ceme from the
pre-dilation vs. post-dilation comparison. For both
subjects, the pupil dilated at least lcm (S1=1lcm gain,
82=2cin gain). With both subjects, who were selected
for their small baseline pupil size, inittial "lock-on"

was very difficult to obtain. However, both subjects
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obtained excellent "lock-on" in the post-dilation
condition. Furthermore, btracking envelopes enlarged on
the order of 10-20 degrees visual angle in every

direction, and helmet fit became much less critical.

&) As stated previously, software parameters related
to pupil size were manipulated to determine if altering
the systems pupil threshold could enhance the images
coming back from the small pupil. Although several
tests were conducted, manipulating several aspects of
the programs parameters, no significant differences

were found on the systems performance.

f) A more successful approach came from the hardware
end of the system. The pupil video allowed the
experimenters to view the dynamic changes in pupil size
as it went through the threshold range. At the systems
subthreshold levels, the composite or processed pupil
image and its corresponding gates (indicating
"lock-on") do not appear. Examination of the pupil
video, comparing sizes and brightness ot three subjects
with qualitatively different pupil sizes, indicated
that although the small pupil may not produce a
sufficient signal to obtain "lock-on", the system Jdoes
acknowledge the image. This is an important +inding
because it indicates that the weak signal produced fronm

the small pupil ‘s retinal reflection can be ampiytied
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to a sufficient level to obtain "lock-on" with full eve

tracking ability.

q) As stated in the procedure section of this report,
several tests were conducted to deterﬁine the
configuration that produced the most accuwrate and
reliable linearization data. Unfortunately, the time
constraints =2ssociated with the summer research program
did not allow for any systematic relationships to be
obtained. General Electric plans to continue these
efforts, attempting to procure the one test pattern

that optimizes the linearization procedure.
V. RECOMMENDATIONS:

Although at leést two human factors have been
identified that reliably effect the operability of the
oculometer, the complexity of the helmet mounted eye
tracking system does not lend itself to mending with
simple remedies. Furthermore, it should be noted that
an interaction of factors (hardware, software, and
human user related) could potentially identity a
situation that requires a follow-up evaluation ot the

modified system.

a) The finding with the greatest impact on oculometer
operability was the effect of pupil si1ze on "lock-on"
and tracking capabilities. When Honeywell designed

this head and eye tracking system, an artificial =y=2
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was used (with an artificial pupil of Smm) to test its
performnance characteristics. Although a Sam invariant
pupil was used, Honeywell cobviously acknowledged the
importance of pupil thresholds because hardware
mechanisms were allocated for this function; thaugh
unfortunately never utilized. Rased on the results o+

this human factors evaluation three specitic

recommendafions related to pupil size are proposed (2
hardware, 1 software).

The test using IR vision goggles to view the IR 1ight
envelona on the eye in combimnation with the pupii videao
test, showing & pupil image at subthreshold pupil size,
indicated that the pupil! signal (from the IR camera)
needs to be amplified. If amplified, the signal would
be strong enough to pass through the filters associated
with the composite pupil image and "lock-on" gate
programs., (1) It is recommended that a varirable
amplifier be placed in sequence immediately following
the camera’s pupil signal. This would allow for subtle
changes in magnitude of amplification, depending an the
user ‘s pupil size. (2) A second, related
recommendation involves a systematic test, varying the
systens hardware thresholds to determine the optimal
setting for all system users. ) Once these hardware
madifications are completed [ recommend a secand

attempt at systematically manipul ating the software
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parameters related to pupil threshold (threshold,

intensity, chords, etc.).

b) As stated in the results section of this report,
the time constraints of this summer research effort did
not allow for completion of the linearization testing.
General Electric, with the technical help of Honeywell
and the Oculometer Research Institute, at Wright
Fatterson Air Force Base, should continue these
efforts. There appears to be a sign problem in the
linearization program, such that errors from target are
avercompensated in the opposite direction. Once thesge
program problems are corrected a series of
linearization tests should be conducted to assess the
reliability of the system’'s data. The final test for
the linearization procedure should be "in-dome", with
the AQI slaved to the head and eye tracking systems.
The errors in linearization would be translated to
inappropriate positicring of the AOI; deviations from

actual eye position should be monitored and assessed.

¢) Refore any "in-dome" tests are conducted it is
essential that a secure helmet fit is obtained.
Fresently, General Electric engineers are working on
madified designs bo produce a universal helmet that
will ensure i1ess than a Imm tolasrance slwn. This

helmatt +1t igsue will becoms aven mare Criticai when

the oculometer i< at fuli operactional status anag printe
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are wearing the helmet mounted systems for simulation

flying.

d) A last recommendation is derived from the reliable
asymmetry of tracking envelopes. &s interpupillary
distance increased, the asymmetry of the tracking
envelope became more apparent; decreasing in size to
the right. Fresently the reflective surface on the
hel@ét's visor is semi-circular, It was felt that i+
the reflective surface were extended out to the
temporal side of the helmet, creating an eliptical

shape, tracking symmetry could be obtained.
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The Effects of Increased Cognitive

Demands on Autonomic Self-regulation: An

Indicator of Parallel Processsing in the Brain

by

Victoria Tepe Nasman

ABSTRACT

A parallel processing scheme is proposed. We tested that scheme through
a single-subject experimental design in which subjects performed several
tasks. Ongoing electroencephalographic signals were recorded over left and
right occipital cortex, and compared tetween tasks within session. As
expected, while performing various meditation and biofeedback tasks, subjects
demonstrated characteristic dominant frequencies of 7-13 Hz (alpha). When per-
forming such a task concomitant with another highly associative cognitive
task, however, subjects produced results more like those obtained in the per-
formance of the cognitive task alone. These results support the notion that,
while engaged in tasks which would require parallel brain processing,
processes which would otherwise rely upon serial processing are "uncoupled.”
We propose a scheme upon which to base this interpretation. Al:though

performance data on the cognitive task have not yet been thoroughly analyzed,

our preliminary interpretation of the data is that we have obtained evidence
to support a view of cognitive processing in which the flexibility to process
either serially or in parallel exists, and in which the type of processing
that is invoked will coincide with the demands of the task or tasks being

performed.
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I. Introduction

I have completed three years of the graduate program at Northwestern
University (Evanston, IL) in the Department of Psychology's Behavioral
Neuroscience Program. My research is in the area of event-related brain
potentials (ERPs), and has been focused on the P3 component of the ERP in
particular.

The research problem at the School of Aerospace Medicine was an attempt
to demonstrate parallel brain processing by requiring subjects to engage in
cognitive as well as self-regulatory tasks simultaneously. Inherent frequency
(EEG) data were collected as the primary indicator of the effects being
tested. Heart-rate self-regulation and cognitive task performance data

vere also collected.

II. Objectives of the Research Effort

The overall objective of the research is to determine under what
conditions human beings can (and cannot) process both cognitive information
and biological control information. Our ‘mmediate goal was to obtain evidence
to support the notion that, in the case where both types of information must
be processed simultaneously, reliable and characteristic indicators of
co-processing will be apparent in EEG dominant frequency patterns. Reliable
patterns of dominant frequency may ultimately be of practical use in the
monitoring of aircraft pilots who must engage in self-regulatiion while at the
same time perform highly demanding cognitive activities.

My individual objectives as a participant in the GSSS Program were as
follows:

1. This project was begun one year ago (summer 1986). At that
time, I was involved in design of the study, instrumentation and set-up, and
preliminary data collection., Seven of the 10 total experimental sessions which
comprise the data set we present here were run by Dr. Bremner prior to my
arrival again this summer. My goal on my arrival here this year was to
participate in running the remaining three sessions, to help in the analysis

of EEG, ECG, and performance data, and to contribute to the final written

report of the study.




2. As a direct result of our findings to date, we decided that one
of our objectives should be to design a computer-generated model of parallel
brain processing. My goal was to become competent on the software
(MicroSaint) used to create the model, to contribute to the refinement and
testing of that model, and to contribute to a final written report on the

result.

III, Overview

The brain has a slow basic procassing cycle time relative to modern
computers. To account for this, yet explain its ability to discriminate as
quickly as it does, theorists have postulated that the brain somehow engages
in parallel processing rather than exclusively in the serial type of
processing seen in most modern computers (Hinton, 1985).

The experiment described below is based upon a parallel processing model
in which the left cortex, the right cortex, and the hypothalamus/autonomic
nervous system (HANS) are taken to be co-processors. The hypothesis is that
left cortex and HANS are sometimes coupled and sometimes uncoupled in their
processing activities. When coupled, serial processing takes place. When
uncoupled, parallel processing predominates. Electroencephalographic dominant
frequencies as well as heart-rate biofeedback data and task performance data

served as indicators in our attempt to test this scheme,

IV. The Proposed Model

Split-brain experiments have supported the idea that left and right
cortex co-process, We assume HANS to be an unconscious co-processor. The
left cortex (left co-processor -- LCP) is primarily a conscious processor, and
is able to gain control of the HANS (coupling). During biofeedback
physiological self-regulatory tasks, such control is necessary. According to
this model, then, serial processing is predominant during physiological
self-regulation. Where cognitive demands are such that both accurate
discriminative performance and fast reaction time are required, however, =
more efficient system of parallel processing will become necessary
(uncoupling). The HANS is allowed to run in parallel until the LCP is less
dedicated to the cognitive problem. We would predict, then, that when
subjects are required to perform demanding cognitive and self-regulatory tasks

simultaneously, the efficiency of parallel processing will be maintained in
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cognitive task performance while uncoupling of the HANS and LCP will lead to a
decrease in the ability to self-regulate. Dominant EEG frequencies in this
dual task situation should be consistent with those obtained while performing
cognitive task alone. Characteristic frequency patterns of the
self-regulatory state should dissipate. EEG alpha activity is important as an
indicator of attentional processes; demanding cognitive processing should be

reflected by a decrease in alpha activity (Ray & Cole, 1985).

V. Method and Experimental Procedure

Subjects. Two right-handed adult male subjects each participated in the
experiment over the course of twenty sessions. Each was trained and experienced
in the various aspects of each experimental task (meditation, biofeedback, and
the Perelli task). Data from the final five sessions were analyzed. Each
subject's data was considered to be a separate experiment, in a design similar

to Bremner et. al. (1985).

Apparatus, Electrophysiological data-recording and storage methods were
standard. The electroencephalogram (EEG) was monitored with Grass Ag-AgCl scalp
electrodes over the right and left occipital cortex (0l and 02), referenced to
each ipsilateral mastoid. Electrocardiogram (ECG) monitoring was done with
two Con Med pregelled disposable electrodes placed diagonally, one in the
right subclavicular space and the other over the left intercostal space be-
twean the 10th and llth rib, This configuration (the CR-5 lead, Simonson,
1971) produces a lead-II-appearing waveform. Subjects were grounded with one
pregelled electrode, attached at the back of the neck, approximately vertebral
C-3. Electrode impedances were kept below 6 KOhms.

Data Inc. amplifiers (Model 2124) were used. EEG signals were amplified
by 30,000, with 3dB filter cutoffs set to pass signals between .5 and 30 Hz.
ECG signals were amplified with 3dB filter cutoffs set to pass signals between
DC and 3C Hz. Amplification values for ECG signals were determined
within-subject, and depended upon each subject's ECG signal strength and the
ability of the peak-detector circuit (discussed below) to identify ECG
subcomponents. 1In the case of Subject #1 ("Neal®"), signals were amplified by
1060; for Subject #2 ("Dous”), signals were amplified by 2000. EEG and.ECG

responses were recovded on analog tape (Honeywell 101 analog tape recorder),

65-6

e —

- —— LI RV PW - W SR P L S T L YV L Y YR RP T RTeT R ST R STE L P E s sl st R A R I N R I I T T T YTYYYIYT"Y"



and were monitored on an oscilloscope throughout each experimental session.
Biofeedback consisted of filtered ECG signals presented to the subject
through a loud speaker (Helmer, 1975). Subjects were tested in an

e
P
¥ ™l

electrically shielded sound-proof Industrial Acoustics Chamber, while seated
in a well-padded chair. Instructions were given to the subject through an

intercom. The Perelli task was presented on a TV monitor placed 1 meter in

TR NN

front of the subject.

Data reduction and statistical analysis functions were performed in
several stages. Conversion of EEG data from analog to digital data (A/D
conversion) was performed off-line by a Digital Equipment Corporation PDP
11/34 computer. The digital data were then submitted to Fourier analysis and
frequency spectra were generated using SAS. ECG date was analyzed on-line
using peak detection software (HIMS) created by Drew (1987), and managed on a
Zenith 248 IBM-compatible computer. The HIMS program detected standard ECG
subcomponent peaks (P, Q, R, S, T) and determined time duration measurements
for heart rate (beats per minute), P-R, Q-R-S, and S-T segments of 100
heartbeats recorded during each task. Mean times and standard deviations were
later calculated using the LOTUS 123 (1983) software package (Kapor & Sachs,
1983) on the same computer terminal. Output included descriptive statistics

on five consecutive blocks of 20 heartbeats.

Procedure.

Once the subject was instrumented for heart and brain electrophysiological
recording, he was seated in the sound-proof chamber, where electrode leads
were attached to the amplifiers and recording systems. He then performed the
five experimental tasks, each of which lasted a total of two minutes. (Where
Perelli task sessions exceeded two minutes, only the first two minutes of
recorded data were analyzed.) The order of tasks performed was randomly

determined prior to each session. The five tasks were as follows:

Meditation (MEL/R) - - the subject tried to relax and slow his heart rate
without any external stimuli (Hyman, 1978).

Perelli (PRL/R) -- the subject performed a complex cognitive task presented to

him on a 7V monitor (Perelli, 1980). The Perelli task is an adaptive task

which involves associative memory load, memory scanning, visual scanning, and

65-7

- 2 AP AL W A R B ST AT AN AL ANASARARMAERE AARALAAIA S IAS AN Mmhﬂm&"m‘h‘\h‘hlhg




& simple motor response (a right-handed button press). It is computer paced
and adeptive to individual subject abilities. Associastions are memorized as
| follows:
15501 3 2
Rlagere oot
K FP

a...‘QON

Seeeedd

The computer presents four self-paced trials. An array of the digits is
presented, as well as one symbol. The subject must respond by pressing a
button he believes to correspond to the correct array digit (see example

below, Fig.la and Fig. 1b).

Fig.la. Example presentation. Fig. lb. Button arrangement

and correct response (arrow).

The mean reaction time of the four iritial trials is used as a beginning
presentation rate during the adaptive phase. Trials are presented at succes-
sive increments or decrements of 100 milliseconds. Lack of response to two
consecutive trials defines the "biuck" phase of the task. The computer adds
300 milliseconds to the presentation rate at that point to allow the subject
to 'catch up' and resume responding. When consecutive blocking occurs within
+/~ 200 milliseconds, the task terminates. Reaction times are given by the

computer as a measure of performance. Three sessions are run.

Biofeedback Slow (BSL/R) ~- the subject received audio biofeedback of his ECG
responses (described sbove) and tried to slow his heart rate (Blanchard &

Epstein, 1978).
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Biofeedback Fast (BFL/R) -- the subject received audio biofeedback of his ECG

responses (described above) and tried to increase his heart rate.

Biofeedback Perelli (BPL/R) -- the subject received audio biofeedback of his
ECG responses (described above) and tried to slow his heart rate, while at the

same time performing the Perelli task.

VI. Results

All experimental sessions were completed. Electroencephalographic data
were analyzed and results supported the prediction that, during simultaneous
cognitive and self-regulatory task performance, dominant frequencies are
characteristic of those generated when subjects perform only the cognitive
task. Dominant frequencies obtained during self-regulatory tasks
(BSL/R, BFL/R, MEL/R) exhibited clear and consistent frequencies in the range
from 8-15 Hz and at intensities which were consistent within session. During
performance of the Perelli task alone and the Perelli task with biofeedback,
however, subjects demonstrated more widely scattered frequencies which in-
cluded an increase in 3-7 Hz theta activity; intensities varied widely within
session. See Appendix A for examples of frequency spectra which were typical
of our findings, During self-regulation tasks, alpha activity was most clear
in the right hemisphere. During the Perelli tasks, the scattering of
frequencies was most pronounced in the left hemisphere.

Heart rate data has not been thoroughly analyzed as yet, Preliminary
analysis, however, indicates that heart rate (as measured by beats-per-minute)
did not change remarkably between tasks for Subject #1. Heart rate in this
subject remained within 1-2 beats-per-minute between self-regulation tasks
(meditation, biofeedback slow) and cognitive tasks (Perelli and Perelli with
biofeedback) and were not consistent, Subject #2 demonstrated consistent
differences between tasks, however. Self-regulatory tasks (meditation and
biofeedback siow) yielded measures which were 4-5 beats-per-minute less than
those vwhich were rvcorded during the cognitive tasks. Hence, while this
subject achieved a slowed heart rate during strictly self-regulatory tasks, he
was unable to do so when attempting to perform the Perelli task with
biofeedback,
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Performance data from the Perelli task have not yet been analyzed.

VII. Recommendations

1. If this research is to be extended to an applied setting, we
should go on to test aircraft pilots under flight-simulated conditions.
Physiological self-regulation and cognitive tasks, then, should be much like
those which are encountered by these subjects in flight.

2, Pre-emption of physiological self-regulatory abilities can lead
to loss-of~consciousness problems which result from decreased ability to
counter the effects of extreme G-forces. The results of our research should
be used to contribute to ongoing efforts in the development of tools which

will help both to predict and prevent in-flight difficulties.
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Appendix A.

RSIGIO Fig. 2. EEG dominant freguency
spectra from Subject #i during
the performarce of self-
regulatory tasss. Note the
presence of 7-13H: alpha activaty
in each.

MERUIY

- 20.00

a) Biofeedback slow, left hemisphere.

Hz

p) Biofeedback slow, right hemispheze.

c) Meditazion, left hemisphere.

d) Meditation, Tight hemisphere.
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Appendix A, cont'd.

P 6.l o) Fig. 3. EEG domiyant freqyency

R spectra from Sublect i 4Quring
the performance of coygnitive
tasks. Note trnat the &lphs

P sctivity which was previousiy

seen during self-regulatory

tasks 1s no longer Ffpresent.

a) berelli task, left hemisphere.
a2

b) Perelli task, right hemisphere.

W
)
B
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¢) Biofeedback and Ferelli task,
lef: nemisphers.
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d) Biofeedback ané Pere.l: task,
hemisphere.

65-13

u&n-n.lna‘njnlnxtnajﬁln-A.nn\a&.\lnn&lﬂaﬂxﬁnnunﬂnﬁﬁﬁnﬂnﬁnﬁnﬁnlklu':lulhIululu!ﬁ'hlkikliiklhlvl



MR. MARK NEUMEIER
FINAL REPORT NUMBER .66
NO REPORT SUBMITTED

]

F

g

L.r_nnmnmun‘.nmnm.mummnﬁ“ﬂnu AUAARARRKACAARANSYASRAANR I N AMAEA NA N MR LS W 2N AT WE MR ME LN W



1987 USAF-UES SUMMER FACULTY RESEARCH PROGRAM/

GRADUATE STUDENT SUMMER SUPPORT PROGRAM

Sponsored by the
AIK FORCE OFFICE OF SCLENTIFIC RESEARCH
Conducted by the
Universal Energy Systems, Inc.

FINAL REPORT

VAPORIZATION BEHAVIOR OF MULTICOMPONENT FUEL DROPLETS
IN A HOT AIR STREAM

Prepared by: Suresh K. Aggarwal and Khan Nguyen
Academic Rank: Assistant Professor

Department and Department of Mechanical Engineering
University: University of Illinois at Chicago

Research location: Fuels Division, Aero-Propulsion Laboratory
USAF Researcher: Dr. T.A. Jackson and Dr. M. Roquemore
bate: September 21, 1987

Countract No,: F49620-85-C-0013




REFERENCE DR. AGGARWAL
SFRP FINAL REPORT NUMBER 1

67-2




1987 USAF-UES SUMMER FACULTY RESEARCH PROGRAM/

GRADUATE STUDENT SUMMER SUPPDRT PROGRAM

Sponsored by the

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

Conducted by the

Universal Energy Svystems. Inc.

EFINAL REPORT

Growth Curve and Fhototaxils Assavs

of Axenic Chlamydomonas reinhardtii 185

Prepared by:

Academic Rank:

Department and
University:

Research Location:

USAF Researchers:

Date:

Contract Nos

Wendy Nguyen

Graduate Student

Biclogy Department

Trinity University

lLaser Spectroscopy Clinical Applica-
tions Laboratory

Clinical Sciences Division

Scheol of Aercspace Medicine

Brocoks AFE

San Antonic TX 78235

Dr. John Taboada
Dr. Rex Movyer

14 Aug 87

F49&£20-85-C~0013




Growth Curve and Fhototaxis Assays

of Axenic Chlamydrmonas veinhardtii 185

by

Wendy Nguyen

ARSTRACT

Experimental procedure began witii the inoculation of
algal cells from a S—~day HSA plate to © HS and © HBA plates.
Two platess HS and HSA, were sampled every 6-9 houwrs for 70
hours then at 12 hour interval until 133.5 hours. With each
samples a cell count was done on the ZRI electronic Coulter
Counter from which the cells/ml value was calculated. The
cells/ml value was then used to constrruct a growth curve of
the C. reinhardtii 125. Percentage motility of the culture
was also observed microscopically by the hanging drop tech-
nigue. The remaining B plates of HS and HSA were sampled
primarily to determine phototaxis assays on the algal cells
for 96 hrs and to observe the effect of the different types
of culture medium on phototaxis. Growth Cuwrve of puwre G,
reinhardtii resembled cleosely that of the contaminated algae
in both HS and HSA media. Experiments showed alsc that
arenic cultures grew better in HSA than HS media. However,
phototaxis assays showed that HS grown algal cells were more

phototactic than HSA grown cells since after 24 nirs of
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growth they possessed a higher A 0D and A cells values than

those grown in HBA.

I. INTRODUCTION:

Chlamydomopnas reinhardtiis & major geneca of the Vol-

vocales, is a biflagellated unicellula:r green algae,
10 - 15 A in length and spherical to oveid in shape. They
reproduce vegetatively by cell division and possess a single
cup~-shaped chloraoplast surrcunding a single nucleus. An
agquatic micreoorganisms C. reinphardtii has evelved special-
ized means of regulating its exposure to sunlight by using
its flagella and directional light antenna which consists of
an eye spot plus associated structures.

C. reinhardtii can be grown on simple defined mineral
salts media, either in liguid culture or on agar alates un-
der light. When grown in a liguid medium, the cells retract
their flagella before cell division. The protoplast then
divides intce a number of daughter cells which are released
after the enzymatic dissclution of the mother cell wall
(Demets et al, 1985). Wild type cells can grow either
photoautotrophically, with doubling time of about 5 hours at
25°C when supplied with non-limiting light and COm. or
heterctrophically in the dark with acetate as a respirable

carbon socurce {doubling time about 1S hours at 25°0). Cell
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division of Chlamydomonas can alsco be roadily synchronized

with alternating light-dark cycles. Suclk an experiment was
perfdrmed by Demets et al. (1985). Chlarydomonas cells can
be experimented by standard micvobioclogical techniques.

All photosynthetic organisms have evelved specialized
means of regulating their exposure to sunlight. One form
this adaptation has taken among the flagellated algae 1is
their phototactic response; the ability to swim toward oo
away from the scurce of light. FPhototactic algae find the
direction or source of light by scanning their environment
with an antenna sensitive toc light. The light stimulates
the antenna of the algae to transmit information to its
response mechanism —— the flagella, allohing it to track the
light. More data on both the growth and phototactic ability
of C. reinhardtii are necessary to fully define and charac-
terize these algae before Fhase IIl of this research program
can begin. Fhase III involves the testing of drugs for
their effect upon phototaxis.

The primary research goal of my UES Summer Graduate
Student Research Fellowship this past summer was to conduct
a growth curve experiment on axenic cell of Chlamydomonas
reinhardtii. The growth curve was compared to a previous
growth curve performed on contaminated cultures of C. rein-
hardtii treated with wvaricus concentrations of the an—

tibiotic, gentamycin. My knowledge 1n  tha model ZRI
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electronic Coulter Counter for cell counts contributed

primarily to my assignment of this project.

IT. OBRJECTIVES OF THE RESEARCH EFFORT:

As a participant in the Summer Graduate Student Re-
search Frogram working with Dr. Rex Moyer and Dr. John
Taboada, my assignment in the algae project was to constiruct
a growth curve and cbtain phototaxis assays on pure L. rein—
hardtii 1eS5. The growth curve of the pure strain 125 was
then compared to that of strain 125 contaminated with bac-
teria. The growth curve experiments on the contaminated al-
gal culture was conducted by Trinity student Dagmar Fertl in

Spring, 1987.

ITI. MATERIALS AND METHODS:

a. FProcedures.

C. reinhardtii strain cc-12% was obtained from Dr.
Elizabeth Harris, Chlamydomonas OGenetics Centers Duke
Universitys Durham, N.C. Experimental procedwre began with
the 1inoculation of algal cells from a S-day HB5A plate.
1n+cubated at 23°C under ‘light, to S HS and HSA plates. 0.5

ml of algal cells was initially bharvested Trom the S-day
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plate and added toc 10 separate tubes. Each tube contained
4,9 ml of the following media: S tubes of .HS and 5 H5A
plates. The resulting inccula were mixed gently and then
poured ontoe the appropriate plates. The culturas were in-
cubated at 23°C in a constant light envircnment. Out of 10
plates, cells from 2 platesy labelled as H5-0 and HSA-0,
were removed for a cell count and metility check every 6-9
hours for 70 hours then at 12 hour interval for 135.5 hours.
Cells from the remaining 4 HS and 4 HSA plates were har-
vested for cell counts and phototaxis assays every 24 hours
for 4 days. For each motility test, 10 )}1 of cells was
removed from each culture. The relative percentage of
motile cells was determined by the hanging drop microscopy.
Finally, to compensate for the liquid leoss due to frequent
sampling and evaporation, the liquid media of each culture
were replaced pericdically.

All algal cell counts were done electvonically with a

model ZBI Coulter Counter in Dr. Mover®s laboratory at

Trinity University. Originally 100 @l of a sample was
aseptically removed from the liquid porticn of the culture.
Then the amount of the sample removed during the couwrse of
the experiment decreased to 50 /ul, 295 ’ul and 20 ,”J in
response to the i1ncreacing number of cells. The sample was
added to 20 ml of Iscoton and mixed by gentle inversion.
Three counts were taken on the Coufter Counter and then

averaged. The averaged ccocunt was then used to calculate the
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total number of cells/ml of the sample. In addition, each
cell count included the identification of the peak cﬁannel
and the number of cells at each peak. The Coulter chan-

=

nelyzer was alsc used to generate a cell count for every 5

chamels up to 50 channels then per 10 chamnels up to 99.

Fig. 1 illustrates the treatment of the data for each cell

comt. Finally, a graph of the cell size distribution for
gach sample was generated from the Coulter Graph Recorder
after each cell count. Fig. 4 and S shcow these curves taken
during varicous times in culture for both H5 and HSA grown

cells.

b. Phototaxis Assay

In addition to the cell count, phototanis assays were
alse taken on the HS and HSA cultures every 24 hour. The
phototaxis assays included the identification of the Gilford
0D of the culture at 3500nm, along with the calculation of
the Q0D and of the \cells values for each sample. All
phototaxis assays were taken on the Gilford Response Record-
ing Spectrophotometer at Trinity University by Dr. Bill
Schroeder. Table 3 shows the phototaxis data gathered on
both HS and HSA cultures every 24 hours for 96 hourssi fig.
6 1s an example of time scan curve of an HS culture taken
after 24 hours

In a phototaris assay, the \OD was calculated by sub-

tracting the value of the ODmin @t S00rm from the ODmaw oC-
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Figure 1. Treatment of Data

Cells in HSA-Q were sampled at 0.00 hrs immediately foallow-
ing incculation of the plate.

HSA-0-1 (0.00 hrs, 100 1/20 ml1 Iscton, 7/21/87)
ZBI 30,369 30,444 32,887 Average = 31,233
c 28,296 28,414 31,717

Lock on cocincidence correction chart. Corrected number is
33,700, Then multiply by dilution factor to calculate the
cell/ml of sample.

33,700 cells/0.95 ml of Iseoton
* 2
67,400 cells/ml of Iscton
*# 20 ml of Iscton
1.35#10® cells/0.1 ml
—t 10
1.354107 cells/ml of sample

2 « 20 # 10 = 400 --> dilution factor
Dilution factors for 50 1, 25 1l and 20 1 are 800, 1600
and 2000 respectively.

Channel of Peak: 30
Cell Count at Peak: S16

Channels Readings
0-9 5,099
6~10 699

11-15 799
16-20 1- 10
21-25 2,826
26-30 2,399
31-3% 2,450
36-40 2,242
41-4% 2,068
446~-50 1,937
S1-60 3,081
61-70Q 2,511
71-80 1,942
81-90 1,586
?1-99 1,028

Take the percentage of cells in the channels 0-35 which is:
3,059 7/ 31,717 # 100 = 1624
Subtiract 164 from 100%. equals 84% of cells w/out subcel-
lular debris.
Multiply cell count of 1.35 # 107 by B4% to get 1.13 * 107,
the # of cells w/cut counting the debris in the
chamels 0-5.
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curring at the peak of the curve. The Acells value was
defined as thé total number of cells swimming into or out of
the photo-stimulating light. It was calculated as followed:
cells= (cells/beam* £0D)/0D
cells/beam= cells/ml* 0.21cm®

where 0.21cmP®= veolume of the beam
cells= (cells/ml%* 0.21% /\ 0OD)/0D

IV. Results and Discussion

a. Growth Curve Comparisons

Fig.2 illustrated the growth curve of C. reinhardtii in
cultures HS-0 and HSA-0 as they were sampled over 135.9
hours. Tables 1-3 record the principle features of the
growth curves of the cultures. The shape of the axenic HS-0
and HS5A-0 curves resembled those of the contaminated cul-
tures. Both noncontaminated HS-0O and HSA-0O growth curves
matched closely with the contaminated HS-0 and HSA-0O curves
in which no gentamycin was added. The maximum cell numbers
of both cultures peaked at approximately the same time with
the axenic HS-C at $4.2% hours and contaminated HS-0 at 90.0
hours. Similarly, the masximum cell numbers of the con-
taminated HSA culture peaked at 40,7 hours a5 compared to
that of the azenic HSA-0 culture which peaked at 36.75
hours. The longer growth period of pure algal cultures
before they reached maximum cell oumber was due to the

presence of the lag phase 1n thesa growth Curves, Since an
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clder incculum (S-day) was used in the esperiments the cul-
tures had to go through the lag phase thus requiring more
time to prepare foi cell division during the lcg phase.
Experiments with both contaminated and noncontaminated
cultures showed that HSA cultures reached the maximum cell
numbers in a shorter growth period than HS cultures. This
observation indicated that algal cells whether contaminaived
or pure grew better in HSA than HS media. In addition, the
shorter generation of HSA cultures showed that the cells
grown in this media doubled at a faster rate than those
grown in HS media. Finally, it was observed that the log
phase of axenic HS8 algal culture (79.2% hours) was longer
than that of the contaminated HS culture (535 hours); but,
the 1log phase of the axenic HBA culture (24 hours) was

shorter than that of the contaminated culture (39.20 hours).

Cell Sicze Distribution Qurves

" Fig.4 and S showed tracings of the cell size distribu-
tion curves of HS5-0 and HS5A-0 cultures as they were sampled
over 135.5 hours, These curves showed that in both samples
a8 the ¢time in culture ‘~creased so did the width of the
curves and the peak channel of each sample. In culture HS-
Q0. the peak channel of the samples increased from 13 at 0,00
hours to 39 at 135.5 hours. Similarly, HSA culture showed an
even greater increase in the peak channels than HS culture,

from 30 at 0.00 hours to 87 at 135.5 hours.

68-11




The width of the peak chamel generally represented the
heterogeneity of the cell size distribution of each sample.
The Iincreasing chamel peak of the cuwrves showed that xl-
though the cell size was initially small (1x) after‘inacula—
tion they became gradually bigger {(2x) as they prepared to
divide over a pericd of time. The cell count in the peaks
increased as the time in cultwre increased because of the
increasing number of dividing 4% cells which had settled at
the bottom of the culture while pyaparing to divide. This
pattern of cell size distribution curve alsc cccurred in the

contaminated culture.

Motility

Table 1 lists the relative motility of the cells cver
the 133.5 hours of culture. As the cell number in the cul-
ture gradually increased, the relative percentage of
motility of all cultures both in HS and HBA media decreased
te O. Eoth HS-0 and HSA-0 cultures initially showed ap-
proxXimately a 60% motility in which the cells moved rapidly
in a circular pattern. It was cobserved that at ap-
proximately every 12 hour interval the HS and HSA cell
motility percentage either increased or decreased. This pe-
riodically alternate motility percentage value was dependent
an  the amount of cells that became static as thev lose
their flagella in preparaticn for cell division. After 40

hours of growths HBA-0 cells became slugqgish 1n movement due
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to their rapid cell division which resulted in the dense
area of growth observed in the hanging dirop sample of. the
culture. Cell clumping of HSA cells alsa appeared to in-
hibit cell movement. In contirast, HE-0 cells at this time
continued to move energetically and ne clumping of cells was
observed. The absence of acetate in this media seemed to
inhibit the rapid cell division seen in H5A media thus a&l-

lowing for more rapid cell movement and no cell clumping.

b. Fhototaxis

Analysis of the phototaxis assays of HS and HSA cul-
tures showed that HS algal cells were more phototactic than
HSA algal cells although cells in both culture exhibited a
high phototactic response. Table 3 showed that the 0D of
HS culfure over the 926 hour growth pericd peaked earlier and
possessed a higher value & 0D after 24 hours than HSA cells.
Furthermore, when HS cells were sampled after 24 hours of
growth, the A& cellé of HS was the greatest value cbtained
during the entire run of this experiment. Thus, the experi-
ment indicated that even though algal cells grew better in
HSA they were not as phototactic as HS cells.

Fhototaxis, according to Stavis and Hirschberg, varies
with the age of the culture and is maximum during balanced
growth. Since the HS algal cells were more phototactic than
HSA: cells, the HS media most probably contained nutrients

that provide the algae with a medium in which they ccould
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have a balanced growth thus enhancing their ohototaxis. The
phototaxis values of algal cells were observed toc have
decreased as the cultures grew colder. Alscs, similar to
Stavie and Hirschberg's experiment, the phototaxis values of
the cells in HS and HEA media were very high during rapid
growth pericd and decreased gradually as growth slowed. The
experiment showed that the /AOD and Acells value of both
HS and HSA cells peaked after 24-48 hour of rapid growth and

then gradually decveased after 48 hours.
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Table 1.

Time in
Culture
(Hours)

Q.00

7.285
15.00
2a.30
32.285
40,00
46,50
596.75
64 .50
70.00
82.00
94.25
105.79
119.00
135.50

Time in
Culture
{ re)

0.00
?.85
15.00
a2.50
32.a5
40,00
46.50
56.75
64.350
70.00
82.00
94.25
105.735
119.00
135.50

Algal Cell Counts and Cell Size Distribution of C.
reinhardtii 185 at Varicus Times During the Growth
Period.

HS~-0

Cell/ml - Channel Number Relative

Cell/ml Debris of of Cells Motility
_* 107 * 107 Peak in Feak {4)
1.51 1.40 13 1,311 &0
1.70 1.51 25 245 ==
1.65 1.53 23 537 60
1.86 1.73 17 449 70
2.85 2.65 25 293 ==
2.74 2.32 17 394 30
S.16 4.90 15 727 S0
3.9 3.70 2l & 23 425 80
3.30 3.10 ae 348 S0
4.80 4,51 23 471 &0
5.40 S.08 27 484 30
7.52 7.22 a1 785 b
9.468 5.57 a7 407 10
S5.40 5.08 26 364 S
4,80 4.18 39 258 0

H8A-0

Cell/ml - Channel Number Relative

Cell/ml Debris of of Cells Motility
x 107 _* 107 FPeak in Peak (%)
1.35 1.13 30 516 40
0.833 0.7285 2% 110 -
0.9204 0.777 32 193 60
1.91 1.78 3 433 20
4.246 4,05 31 519 ==
7.08 6.80 29 724 40
9.8 S.91 27 622 S0
10.8 10.40 19 957 S0
8.18 7.77 29 684 80
8.04 7 .40 31 647 10
10.4 ?.86 29 728 30
?.54 8.468 as 997 S
?.32 8.47 44 J48 30
?.02 8.39 47 SO Q
8.7& 7.62 a7 4460 ]
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Table 2. Characteristics of Chlamydomonas reinhardtii
Growth
Max. # of Time in Leg Generation
cells/ml Culture Fhase Time
Culture * 107 (Hrs) (Hrs) {Hre)
H5-0 7.28 ?4.25 15.0-94.25 34.285
HSA-0 10.4 56.75 22.5-46.5 12.00
H5-3 3.29 72.00 48.0-72.0 24,0
HBA-3 4.70 72.00 24,0-72.0 24,0
Table 3. Fhototaxis Assays of Noncontaminated C.
reinhardtii 125 at every &4 hi during the
4 day Growth Period
HS
Time in
Culture cells/ml Hcells
(Hrs) _* 107 AD0Dmoe Gil ODmae _* 10
24 1.81 +0, 6660 1.030 1.18
48 1.98 +0.,.5590 1.0045 0,580
78 3.58 +0,2810 0.8536 0,550
96 2.90 +0,1981 0.9653 0.312
HSA
Time in
Culture cells/ml ANcells
(Hrs) _* 107 Q0Dmoe 6Gil ODmage  _* 10%
24 1.97 +0,6181 1.004 0.8481
48 3.67 +0,7199 0.9540 Q0.963
78 5.05 +0.4348 0.7628 Q.4637
96 4,49 +0,3234 0.,9790 0,919
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RECOMMENDATIONS

cther experiments on algal growth are being considered.
These projects involved the application of a circadian
light-dark regime and/ocr plant hormones on the algae to test
those effects on their growth.

Chlamydomonas is a microorganism that undergoes both
mitolic and meictic division to develop into phototactic
gametes. Since both of *hese growth processes invaolves mul-
tiple steps in which the cells expressed different
phenctypes, it is desirable to have all cells being tested
to be in the same stage ¢«f development. One means of
synchronizing the growth of Chlamydomonas is to apply & cir-
cadian light-dark regime ¢to a culture of algal cells,
Demets, et al. cbserved that whrinn C. eugametos was girown un-
der a regime of 16 hr light/ 8 hr- dark, in a static culture
onlys the cell number doubled daily during the exponential
phase of growth., Thus, similar experiments can be pevformed
oy observing the cell division of algae when they are being
synchronized under & circadian vegime in both static and
shaken cultures.

In addition to studying algal growth in a circadian
rhythm. growth can also be observed by testing variocus plant
hormones on algal cells. Initial experinents have begun in

which a few plant hormones such as giberellic acid. 1ndole-
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3-acetic acids kinetin, etc. were added toc a plate of algal
cells. Results showed that &ertain plant hormones at a
specific concentratiocn did inhibit or enhance algal avrowth.
Since very few effart of research have been made in this
areasy the possibilities for experimental research in plant

hormones and algal cells are infinite.
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NICROISCTROPIA PATIRITS PEIFORY JLL A3 MILITARY JoT PILOTS
by
Bernadette P. T. HJjoku
ABSTRACT

A computer listing of all patlents examined at Brooks AF3 with
the diagnosis of microesoptropia(sometimes referred to as micro-
strabismus, monofixation synirome) is obtained. Xey terms,
especially used to determine patients not clearly defined as microc-
esotropics include: a) falled depth perception, ©) anisometropia,
¢) esotropia/esophoria, d) strabismus, e) microexotropia, f) hyper-
opia/hypermetropia, g) suppression/amblyopia, h) monofixation
syndrome, 1) diplopia(not monocular), Jj) heterotroria/strabismus
and k) falled red lens test. (Not until 1980 were the physiclans
at Brooks AFB alerteC to keep specific records of microesotropia
patients.) The vatients' charts, mainly pilots and navigators,
are studied and specific information is gathered, then transferred
to individual "microstrabismus data sheets’'. = rom this, six
straightforward graphs are constructed: 1) Refraction Spherical
Zquivalent vs Patient #, 2) Refraction Cylinder Astigaatism vs
Tatient #, 3) Verhoeff(no. passed/8) vs Fatient #, 4) ioward-Jolman
vs Patient #, 5) Alignment vs Patient # and 6) Stereo Arc 3ec vs
Patient #. These data and graphs allow primarily for at-a-glarnce
obtaining of quantitated information and comparisons fros patlient
to patient; and thus, subsequent in-depth judgement and thoories
to by made by HaJ. Dr. L. Tychsen and Col. Jr. Thomas Trodici.
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I. Introductiion

As a medical student, I have been and will be introduced tc many
clinical conditions indirectly, through reading material, and directly,
through patient contact. The fleld of orhthalmology 1is one which
has proven to be interesting and progressive, especially noting the
constant, innovative research developed at Brooks A¥B. 3ince last
year's assignment of collecting and compiling data on central serous
retinopathy patlents, I have reallzed that there are many other eye
patholgles beyond my scope of knowledge. For this reason, retuming
this past summer further enhanced my edacation, narticularly in the
area of microstrablsmus. By posing as a subject, I was also intro-
duced to other eye diseases through proJjects lead by varicus other
physiclans and technicians.

The Department of Ophthalmology at Brooks AFE is concerned chiefly
with eye pathologies and the resulting effects on flying personnel.
Since with microstrabismus where the misalignment of the eye(s) is
cosmetically inapparent, it is necessary to determine whether this
condition affects flyi.g status, oxr whether these patients acquire
some sort of accommodation such that flying ability is adequate.
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II. OQObhjectives of the Research Zffort

"Microstrabismus is a cosmetically inapparent misalignment of
the eyes causing mildly defective perception of depth using binocular
cues(stereopsis). The cause of the condition is unknown,-but

.avallable data suggest a developmental atnormality of the visual

cortex."5 Previously, a study was acconplished by Ipstein and
Tredici(1973) consisting of approximately 10-15 chart reviews of

Air Force flyers. After the diagnosis of microstrabismus, these
vatients were seen "in close follow-up in order to assess the statility

Iy
of their condition."?*"

As done with the previous study, I was to
ovtain a computer list of all cases seen at USAFSAH(199 patlents are
used for this study) and compile data -- specific test values used in
naking the diagnosis. By completing this, we should have at hand

information concerning:

1. standard demographic data

2. ophthalmic performance: visual aculty best corrected,
cyclonlegic refraction, stereonsis, alignment, funduscopy,
diagnosis and other eye abnormalities, and

3. flying performance: walver recommended? walver granted?
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Iit.

iicroesotropia, or microstrabismus, is 2 condition oi unknouwn
etiology in vhich patients have straight, or alumost straizat

1 c
(cosmetically inapparent), eyes. Common clinical features includes 1315

1. Amblyomia -- iionocularly measured, natients show reduced
visual aculty not correctable by refractive mesns, and not
attributable to obvious structural or pathologlical ocular =mnomeliez.

"There is a history of hyperopiz and/or anisometroniz, requiring
correction with snectacles durirg pre-school yea:s."5

2. Defective stereopsls -- The majority of natients have
gross stereonsis, with excepntion of natiernts with congenital
esotropia.

3. Inability to bifixate, or monofixation -- In mono-
fixation, one eye fixates and there is a small tropia of the
other eye with suppresslion of its fovea. The inability to
bifixate i35 based on a Scotoma(an area of depressed vision within
the visual Tield, surrounded by an area of less depressed or of
normal vision) in the visual field of the non-fixating eye during
binocular vision.

4, 3upnression -- Suppression is seen in the fovea of the
deviating eye. An absolute macular scotoma Is present under
binocular viewing and disappears with monocular viewing.
According to Jampolsky, suprression exnlains the solving of the
dinlopia caused by the minimal deviation.

5. Anisometropla -~ These patlents shov different refract-
ive error in each eye which produces the cffect of having one
eye out of focus and images of different size in ezch eye. I
the error is great, either altemating vision or monocular

nreference occurs.,
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Specific clinical tests Jor microesotropia consist of tests for
stereonsis, or depth perception, and tests for aligument. 3tereo-sis
tests Include the VTA-iD, iloward-Jolman anc A/b Vectogranh, which
examine at distance, the Verhoeff and Titmus, which examine at near,
the Red Lens, Bagolini, and Jorth 4 Dot. These tests quantita‘e
stereopsis in values ranging from 15 - 3000 arc seconds. Alignment
tests include the Single and Alternate Cover Testis and the rour
Diopter Base-Out. These tests measure phorias, tendencies of the
visual axis of one eye to ceviate when the other eye is covered ard
fusion is prevented(definition), and tronias, deviations of the
visunl axis of one eye when the other eye is Ffixing(delinition).

A small tronia of up to 6 - 8 dionters is expected.

Surgical, or motor, treatment is usually not necessary, excent in
rare cases with horlzontal deviation greater than or equal to 20 diopters,
The primary objective is to teach the patient to bifixate instead of
monofixate, or rather, to become aware simultaneously of sinilar
images on each macula..1

The najor goal of this aspect of the microstrabismus study is
to record patient data in hopes of finding valid similarities and
differences to make comparisons and *hus create further hynotheses
and theories attributable to the disease. 30 far, wWe have one of
the largest, if not the largest, patient logs since the discovery
of microstrabismus(199 patients). Also »Z chiel concern is the
Tlying performance of these pilot~natiernts. Tormerly, all trained
nilots seen at USAT3AI were granted a wa'ver to continue flying.
Undergraduate pilot trainees were denied walver, and were Iinstead

5

At the conclusion, six granhs are construsted wnlch 21low Ioxr

trained as navigators.

at-a~glance obtaining of quantitated informatlon and ~onmnarisons

from mtient to natlent, risht eye io left eye. These are:
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2)
3)
4)
5)
6)

Refraction Srvherical Zguivalent vs Patient #

lefraction Cylinder Astigmatism vs Patlent #

Howard-Dolman vs Patient #

Alignnent vs Patient #, and

- Yerhoeff(no. passes/8) vs Patient #

Stereo Arc Sec(lowest value) vs Patient #.
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IV, Recommendations

Future work will be completed by Dr. L. Tychsen. My function was
to serve as a data collector, and perhavs provide suggestions. As
stated in the protocol, lack of objective evidence that fine stersopsis
is a critical factor in flying performance 1is a questlon of concern.
Also, follow-up would make an interesting study, that is, a cemparision
of stereopsis and alignment from past to present per patient per
exanination. luch more work is proposed for the microsirabisnus
study. Tnrough the enthusiasm of Dr. Tychsen and the background and
ald of Col. Tredici, this will be a well-accomplished, ianovative

research endeavor.
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Determination of Lumped-Mass Thermal Properties Associated

With Autoclave Curing of Graphite/Epoxy Composites

by

Charles W. Norfleet

ABSTRACT

Determination of the parameters affecting the thermal response of a
graphite/epoxy composite was performed. A governing equation was
developed for the process based on lumped-mass heat transfer principles.
Numerical values of the thermal properties included in the energy
balance equation were determined by a Newton-Raphson root solving
method. The results of this method indicated that the bagging material
surrounding the laminate during the cure process had significant thermal
mass which created a slow response during the initial heating of the
laminate. This observation led to the development of energy balance

equations for both the bagging material and the laminate.
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I. INTRODUCTION

Graphite/epoxy composite materials have traditionally been cured by
imposing a conservative autoclave heating schedule as suggested by the
manufacturer of the prepreg material from uhigh the laminate is
composed (1). Recent advances in micro-computer technology and software
has enabled the in-situ monitoring and control of the process parameters
and cure conditions associated with the fabrication of composite
materials, thus being able to save considerable time in this aspect of
constructing materials made from graphite/epoxy laminates.

The Structural Materials Branch of the Non-Metallic Materials
Division at Wright-Patterson Air Force Base has developed expert systems
software capable of controlling and optimizing the curing process of
graphite/epoxy composites (2,3). The expert systems software monitors
the temperatures of the top and middle of the laminate as well as the
autoclave air temperature. The air pressure in the autoclave and
viscosity of the epoxy are also measured to more fully recognize the
process state of the cure cycle. The software contains a knowledge base
consisting of rules which have been established through experimentation
and analysis of the curing process. These rules use the 3sensor data to
monitor the progress of the curing laminate. Commands are then sent to
the autoclave controller to maintain a successful cure by varying the
temperature and pressure of the autoclave.

In order to continue to refine and improve on the knowledge base
without the expense and time consumption of actual fabrication
experiments, computer models which accurately predict the transient
conditions of the composite are desired. Use of these models permit

repetition of certain cure conditions while varying the knowledge base
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pertinent to the process. state being studied. Testing the rules in this
rashion would allow for a more complete analysis of the effects on the
cure of laminates composed of a diverse range of thickne.;wses. shapes,
and prepreg materials.

In addition to preliminary testing of the expert systems software,
computer models would als'o be helpful in predicting and verifying the
data being acquired during the cure process. Predicting ahead of the
present process state would enable process control based on the past,
present and the predicted future cure conditions of the laminate.
Verification of the sensor data would permit the expert system to ignore
seemingly erroneous sensor data and possibly replace it with data
predicted by the model should the sensor fail completely.

Because the expert systems can monitor the cure process without
previous information dealing with the thermal characteristics of the
laminate and bagging material or about the cure kinetics of the epoxy
resin, simultaneous use of computer models would necessitate the ability
to extract these properties based on the thermal response of the
composite to the initial heating of the laminate. A further requirement
would be that the data determined from the model be calculated at least
as fast as the sensor data {s acqQuired.

My graduate research {n process modeling of composite materials
contributed to the development of a computer program which applied the
theory of lumped-mass heat transfer to the prediction of the temperature
history of a graphite/epoxy composite. The primary assumption un
applying this principle is that the temperature gradients through the
body are small enough to assuame a uniform temperature distribution

throughout the body (4). This concept lends itself nicely to modeling
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the temperature history of the composite, since a uniform temperature is
desired to promote a uniformly cured composite (5). The results of the
lumped-mass model proved to be in very good agreement with a one-.
dimensional model developed by Loos and Springer (6). This simpler
model enabled the extraction of the thermal time constant and calculated
the transient laminate temperatures quickly. It was this research work
and involvement with the lumped-mass model which contributed to my
assignment at the Materials Laboratory at Wright-Patterson Air Force

Base.
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II. OBJECTIVES

In curing graphite/epoxy composites, the cure is an Arrhenius
function dépendent on the laminate temperature. Therefore to be able to
control the cure of the epoxy resin in the laminate means that one must
be able to control the temperature of the laminate by altering the
autoclave air temperature. The speed of the temperature response of the
laminate is due to the thermal characteristics of the laminate and its
environment.

My assignment was to determine what factors affected the net
response of the laminate temperature. Once these factors were
recognized, a lumped-mass heat transfer equation expressing the energy
balance of the process was to be established. The coefficients in the
equation would represent the tnermal masses having a significant effect
on the process. The values of theée coefficients were to be determined
from the sensor data recorded from various fabrication experiments. The
correct form of ‘the governing equation would result in constant values
of the coefficients during the process when no heat generation from the
curing epoxy was occurring.

III. DEVELOPMENT

In developing the lumped-mas:c energy equation, it was assumed the
the conductivity of the bagging material and the heat transfer
coefficient of the autoclave air were incorporated into an effective

heat transfer coefficient he This resulted in the governing equation

re’

daT

me=so-= = Ahe

it (TA- TL) + 4§ (1)

184
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where m i3 the mass of the composite, ¢ is the specific heat, A is the

surface area, ‘I‘A is the autoclave air temperature, TL is the laminate

temperature, and 4 is the heat generation rate of the curing epoxy.
During the initial heating and also during the final cooling of the
laminate, heat generation by the epoxy was considered to be negligible
and its respective term was dropped from equation (1). This permitted
and exact solution for the laminate temperature to be determined from
the governing equation. In deéiving this solution an expression for the

autoclave air temperature was assumed to be

T, = To + Bt (2)

where To is the initial autoclave temperature, B is the autoclave

temperature rate, and t is the time. This expression implied that the
autoclave temperature would follow a linear path through all of the data
points in any heating or cooling cycle. Inclusion of equation (2)

yielded equation (3) for the exact solution of the laminate temperature

history

TL - To +B{t+v[ expl-t/7) - 111} (3)

where the thermal time constant, t, was given by

e me (4)
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Evaluation of the time constant from the sensor data was attempted by
two common numerical techniques, a least squares fit and the Newton-
Raphson root solving method.
A. Least squares method

The least squares method was employed by reducing the expressions
for the first and second derivatives of equation (3) into the form of

linear regressions, equations (5) and (6), respectively.

dT

1 L 1
Ln (1 - g dt ) = - 2 t (5)
2
d TL 1 8 .
Ln (--5‘) - - ; t + Ln ( p ) (6)
dt

In both equations the time constant was the negative inverse of the
slope of the line generated. Determination of the time constaﬂt by the
least squares method with respect to equation (5) was deemed
unsatisfactory because the autoclave temperature rate was not constant
as described in equation (2). Instead, its magnitude decreased slowly
over the time intervals used for this method. With regards to using the
second derivative in equation (6), this method also produced undesirable
results. In this case the fault lie in the method used in the expert
systems software for calculating the value of the second derivative.
This method permitted an error of the same order of magnitude as the
second derivative.

B. Newton-Raphson method
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To accommodate for calculation of the time constant by the Newton-
Raphson method the expression for the autoclave temperature was modified

to assume a piece-wise linear path from one data point to the next,

T =T, +8, At (7)
Ay AL, T

where At is the time step between the data points, 8. is the temperature

i

rate for the time interval, and ‘1‘A and ‘1‘A are the autoclave
i i-1

temperatures at the present and previous data points, respectively.

This resulted in an exact solution of the form

T =T, -8,t+ (T -1 +8.1 ) exp( -t/t ) (8)
f Ryt Licp Ay 7

This equation allowed the value of the time constant to be calculated at
each data collection point. The results from using this method as shown
in Figure 1 indicated that the bagging material surrounding the laminate
during the curing process had a significant thermal mass. This material
acted as an insulating blanket and greatly contributed to the response
time of the laminate temperature. This effect was most noticeable
during the initial heating of the laminate as shown in Figure 1.
However, as the epoxy bled into the bagging material, the insulating
‘effect decreased. This signified that the overall thermal properties of
the laminate and bagging material changed during the process due to the
mass transport of the epoxy. To account for the thermal characteristics

of the bagging material, energy balance equations were written for both
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the bagging material and the laminate, equations (9) and (10),

respectively.
dTB
(mc)Bag--hA(TA-TB)"U(TB-TL) (9)
dTL
( me )L ol ( Ty - TL ) + § (10)

where the subscripts B and L pertain to the properties and temperatures
of the bagging and laminate, respectively. The bagging material
consisted of the items i{llustrated in Figure 2. However the bagging
material represented in Loos and Springer (5) consisted of only the
bleeder plies of which the thermal mass was determined to be negligible.
IV. CONCLUSION

Verification of these equations will continue in the form of a
Master's thesis by this investigator. Preliminary studies have
indicated that equation (10) could be used to determine the difference

between the top and mid laminate temperatures by replacing TB and TL

with the top and mid laminate temperatures, respectively. The ability
to predict the bagging material temperature with equation (9) appears to
require additional investigation into the existence of large temperature
gradients through the bagging material.
V. RECOMMENDATIONS

Because of the significance the bagging material has on the thermal
response of the composite, it is this investigators suggestion that the

temperature at the top of the bagging material be monitored along with
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the data already being recorded. Although it would not have a direct
impact on the detection of exothermic¢ reactions, it would be of
considerable help in modeling the process. Specifically, knowing the
temperature at this location would permit the estimation of the energy
being added into the bagging material by the expression

Q' =h (T, -Tg) (11)

S

where q" is the heat flux per unit area, h is the convection heat
transfer cov”ficient, and TS is the surface temperature of the bagging.
For the model discussed in this report the surface temperature would
allow for an average temperature of the bagging to be calculated and

used in equation (Y).
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Figure 2. Autoclave curing bagging layup
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