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Summary of Repearch

AFOSR 69-1659
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To develop a comprehensive data support system for research £
in Human Physiolopy. This aystem should contain: A<:>

1. An effectiv. means for indexing and retrieving &P
bibliograshic references. (<:> E> /(J

2. A systey for sterving and sel .ctively retrieving
cxperimental data rierived from experimental qtud{Ls,
published reporrs or simulation runs. This system ‘\\\\\
should, in addition, permit the intcractive
compariscen and analysis of data of this type.

3. Techniques for the on-line acquisition of experimental
data in machine-readable fomm.

4. Methods to facilitate the creation, eoxecution and
analysis of digital simulations of human pcrl{ormance
mechanisms.

To begin collection of data describing human perfornence under
o variety of environmenial and work estresc conditions, and from
suhlects raveing in soe from ecorly adult to the late slxties,
jnciuding normal, athletie and discased subjects.

To start developuwent cf a predictive madel of human performance,

To apply the techniquec developed iu the project to problems of
significance to the Alr Torce.

To eassist in implementing the tools developed in othex Air Force
reserrch institutions.

i

Results)

/

Seme progress has been made in all of the areas noted above. The
highlights of this progress are summarized below,

A.

Bibliographic support. A techniguee has been developed for the
computer indexing of articles that would ordinarily form a reprint
file on a particular arez of research interest. This technique,
although it can be applied to any topic, has been specifically
implemented in support of libraries relating to human performance,
enexrgy exchange and peripheral circulation:. The articles them-
selves have been microfilmed, nlaced in micrcfiche lackets, and
dupricated fcr distribution to other ingtitutions sharing interest
in these topics. Equipment was purchased through this grant to
suppor( preparation and viewing of thc microfiches. This technlque
is described more fully in rerfs. 1, 2, 5, 6, 7, 9, 28.

bata storage, analysis and cumparison system. A computerized data
storage system was developed in the early phases of the project.
This syatem operated on a dedicated IDM 7044 computery using a
graphic terminal. The system was used for the analysis of human
perforrance dsta as well as for a variety of other applications.
Subsequently. the s vaem waq partially converted during the
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13. AB3TRACT

A predictive model of human performance has been under fairly constant revision

as naev experimental and other information becomes available and is incorporated
into the model's design. The model illustrates techniques of interactive
simulation, including tutorial assistance for the researcher unfamiliar with

its operation, interruptible execution for adjustment of workload or envirommental
characteristics, and the ability to interrogate the status of any changing variable
in the model. Models of acceleration and of the effects of long term exposure to
extremely low humidity are in early phases of analyses. Products developed through
this project have been made availapble to USAF in several forms. Microfiched
bibliographies have been sent to AMRL, SAM, and the Air Force Academy; computer
programs have been installed at the Academy, and experimental data from the Academy
have been sent to Davis for preparation in machine readable form.
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projcct's support period to a vhird generation timetharing
system utilizing remote temminals. Complete descriptions of
the system arc contafned in ref:. 1, 9, 24, 28.

Techniques for on-line data acquisition. After a detailed

review of computer support systems, a Raytheon 703 waé purchesed
through project support funds to provide on-line data acquisition
support. This systen was extensively used in the latter portion

of{ the support period to collect data on normal ¢nd highly

trained subjects. Investigation of the most reliable transducers
to feed data into the system led to the acquisition of auxiliary
cquipment, including a mags-spectrometer and u pneunotachometer.
The entire system has been under continuing development through

the support period, and it i3 now believed to be reliable, accurate
and efficient as a means for capturing cxperirertal data in machine
form.

In addition to developing a hardware facility, the project has
produced a softwarc system that greatly faellitates preparation of
programs designed to accept and store cxperimental data. The
package thus developced has been made available to other Raytheon
installations comnected with Air Toree relatcd research. See
refs. 2, 11, 28,

Simulation support. Project supnort has led to development of
several simulation capsbilities.  Initially, an Interactive
version of MIMIC wus developed for use on the IBM 7044. This
systen was used to study reactive hyperemia and other problems of
peripheral circulatfos. Subsequently, a more sophisticated
sinulation language, CUMP (Continnous Systems Modeling Program) was
converted to the new campus computer, initially in batch form and
then in a timeshare version that Incorporates interrupt capability
as well as piots of any variable against any other. See refs. 1,
2, 10, 23, 25, 28.

Collection of human performance data. A considerable library of
cxperimental data is developine as a result of project support. In
its initial phases, 80 normal middle aged males were ¢valuated by

a progrersive treadmill test. In addition, 11 patients who bad
undergone coronary surgery or who were recovering from heart attacks
were evaluated by a similar test. Results of these experiments
verc computerized, analyzed by means of the initial version of the
interactiv, an-lysis system, and the results reported.in several
publication..

Several exy->riments conducted in part through Air Force support
produced information on the effects of altitude on performance.
These studies were conducted both in real altitude conditions
(White Mcuntaln Research Station) and im simulated high altitude
using a hypobaric chamber. See refs. 28, 29.

A prodictive model of human performance. Late in the second year
of the project. a preliminary model of human performance was
developed uvider project support. This model was implemented on a
remote terminal connected to a timneshare system. It has since

beea under fairly constant revislon, as new experimental and other
information becomes available and is incorporated into the model's
degign. The model illustrates techniques of interactive simulation,




IT1.

{rcluding tutorial assistance for the researcher utif amildiar
with its operation, dnterrutible exccution for adjustment of
vorkload or environmeatal characteristics, and the ability to

interrogate the status of any changing variable ia the model.
Sce refs. 32.

o

Application of techniques to problems affecting Afr Force. In
response to requests {rom ALT Force reseach institutions, the
protect stuif have undertaken several specific problems. One

lhas related to the development of a mcdel of acceleraticn, and

ta fna the carly phascs of analysis. A sccond question dealt

with effcets of long tem (several hours® cxposure to extremely
Tow humidity. This problem has also beet studied in preliminary
form, and has led to definition of further improvements in the
perfermance model which are currently being implemented. Other
probleins were ourlined late i the support perfod and are receiving
attention at this time, folleowing compli:tion of the grant support
period.

Project membors also visited several Afr Yeorce research institutions
to discuns arcas of mutual interest ana to sharez results of this
project's research with Air Force personnel. In addition,
representatives of several groups have visited the Davis facilities.

n. Fvtension of rescarch tools to Air Torce institutions. The
products developed through this project have been made available
in several forms. Microfiched bibljios,raphics have been nent to
Wright Pattorson, Brooks School of Aecospace Medicine and the
Alr ¥Yorce Academy. Computer propr«ms have been installed at the
Academy. Experimental data from the Academy have been sent to
Davis for preparation In machine readable foym. Several efforts
have lbeen made to estab?ish telephone connection to computer
programa avalleble at the Davis campus.. These efforts are
continuing.

Summary

The project proved the value of an interdisciplinary approach to the
analysis of problems in human performance. The principal gains to date
have been in the development of new computer techniques for research
support. The project has generated considersgble interest as a result

of these new methods. At nresent, the research effort initiated through
grant support is continuving the resolution of problems initially
cstablished, using the format and techniques developed during the ianitiel
support period. ’
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List of Materfals Produced Through Project AFOSR 69-1659

Reports Submitted to Offlce of Scientific Researcn:

Project Review Summary, October 1969.
Project Review Suamary, October 1970.

Ahstract of report presented at Broaks School of Aerospace
Medicine, September 1971.

The project staff meets at approximately weekly intervals to
consider various aspects of the research. Minutes of these
meetings have been prepared regularly and are distributed to
ATOSR, to AMPL in Wright Patteraon anl at Brooks, and to the
Lifc Sciences and Electrical Eaginecring Departments at the
Acadeny.

Bibliopraphles:

‘ 5.

10.
11.

12.

8.

Microfiche library on human perfor.uance. Approximately 630
references distributed during project support period to groups
listed in (4) above.

Microfiche library on peripheral circulation. Approximately 470
references distributed ar sbove.

Microfiche library on cnergy exchange. Approximnately 320
references distributed as above. '

Computer Programs:

Human perfermance prediction model: installed at Air Force Academy.
Bibliographic support program system installed at Air Force Academy.
CSMP (intecractive system) instailed at Air Force Academy.

Raytheon systems support library: developed at UC Davis, now in
process of implementing at Wright Patterson Air Force Base.

On-line data analysis system. Currently under revision to convert

and expand for implementation on new computer. Initial version
inactive.

Papers Presented at Meetings:

13'

14.

15.

16.

Digital Inceractive Simulation System: Summer Computer Simulation
Conference, San Francisco, California, 1969,

Digital Interactive Simulation: prescnted at Gordon Conference in
Biomathematics, Proctor Academy, New Hampshire, 1969, July.

On-Line Data Analysis: Presented at Annual Scientific Meeting of
Aerospace Medical Association, St. Louis, Missouri, April, 1970.

Jge of Computer Graphico iu Simulation: Fall Joint Computer Conference,
November, 1970, Las Vegas, Nevada.




17.

19.

20.

21.

Use of gomputer Graphics in Simulation: School of Medicine, Stanford
University, Stanfor.l, California, October, 1969. °

Comyutcr Simulation with Bibliopraphic and Data Support in Physiology,
invited paper, teaching session, American Physiological Society,
Atlontic City, New Jersey, April, 1970.

Teaching and Research Through Computer Simulation: Report presente
to Joint Automatlc Centrol Conference, Atlanta, Georgia, June, 1970.

A Model of Peripheral Circulation: Report presented at Summer
Computer Simulation Conference, Denver, Colorade, July, 1970.

A Predictive Model cf Human Perforwrance: Report presented at Summer
Computer Simulation Conferencc, Boston, Massegchusetts, July, 1971.

.

Sclentific Exhibits:

22.

Computer Support of Physiologic Research: Scientific Exhibit at Annual
Scientific Meeting of Aerospace Hedical Association, April, 19790.

Motion Picturcs:

23.

24.

A Digital Interactive System for Simulation. 16 min., colcr, sound,
procduced at U.C. Davis, May, 1970. “

Computer Supported Training in Physiology. 14 min., color, sourd,
produced at U.C. Davis, Februarr, 1971.

Theses Written as Part of Project:

25.

26.

Rerioud, C.R.C., "Digital Interactive Simulation,' M.S. thesis in
Engincering, University of California, Davis, 1969.

Hsu, T.G., "A Model for the Peripheral Circulation and deat Transfer
of the Human Finger," University of California, Davis, 1970.

Publications:

27.

28.

29,

30.

31.

Renoud, C.R.G., and Richard F. Walters, CSSL Conference on Applications
of Continucus System Simulation Languages, "The Interactive Creation,
Execution and Analysis of Biological Simulation Using MIMIC on a
Craphic Terminal,'" June, 1969.

Walters, R.F., Brin, K.P, Roth, F., Morrison, J., Renoud, C.R.GC.,
"Information Support Systems for Experimental Investigation,
Computers in Biology and Medicine, an International Journal, Vol. 1,
pp. 75-86, 1970. oo : '

Adans, W.C., Carlson, L.D., Kkeiley, J.5., Renoud, C.R.G., Walters, R.F.,
"Interactive Techniques for Analysis of Human Performance,' presented
at Aerospace Medical Association Meeting, April, 1970.

Walters, R.F., and R. El. Smith, "Biological Control Systems: Teaching
and Rescarch through Interactive Computer Graphiecs,' presented at

- American Soclety for Mechanical Engineers meeting, June, 1970.

Hsia, T.C., and T.G. Hsu, "A Model for the Peripheral Circulation and
Heat Transfer of the Human Finger," presented at June CSSL meeting,
1970. :



33.

Walters, R.F., and Carlson, L.D., "A Predictive Model of Human
Performance," Proceedings of the 1971 Summei Computer Simulation
Conference, July 19-21, 1271, Boston, Massachusetts, pp. 911-918,
1971.

Walters, R.F., Carlson, L.D., "An Interactive System for the
Utillzation of Seientific Information,"” Review of Air Force
Sponsorced Pasic Research in Environmental and Acceleration
Physiology, Scptember 28-29, 1971, at Aerospane Medical Division
Alr Force Systems Command Brooks AFB Texas, 1971.

Yorkshops:

34.

Workshop on peripheral circulatioa, held at U.C. Davis, June, 1971.
Attended by project staff plus Dr. Keith Cooper and Dr. John Kreg.






