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SI Obj Q cti'JcU:

A.To develoC1p ac,-,.-prehenrf'.iu data support r-ystem for research 1
in Human Phyfsi'olu,,y. Thfq syntem shoul~d contair: /4

"1. An eff i,:- ,,nnn for indexing and retrieving
bibliographic references. •] .1 .'

2. A systoný fcv- stcrlng wixd sel.ýctively retrivving .,
cxperl•revital data dlerived from experimental studies,

__ puhlIsiohd rop~orr': or simulation runsg. This system
should, in addition, permit the interactive
comparison and analysis of data of this types.

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

4. Methods to facilitate thn creation, executJon and
analysis of digital simulations of huraan performance
mec111nisms.

P'. To begin collection of data describing human performance unider
.t variety of environmrn•'ai and w.irk stress condit-Ini-ic, and from
si•. .ects raxrging In i':O fron C.e2-1y adult to the .c clat xtic,
Including normal, athloetic and diseiased subjects.

C. To start developkuent cf a predictive model of human performance.

D. To apply the technique. dpveloped iii the project to problems of
significance to the Air Force.

E. To assist in implementing the tools developed in other jir Force
rcse;rrch institutions.

IT. Ro~sii ts

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

A.- Bibliographic sipport. A techniqae has been developed for the
computer indexing of articles that would ordinarily form a reprint
Sfile on a particular area of research interest. This techni.que,
although it can be applied to any t6pic, has been specifically

CD .implemented in support of libraries relating to human performance,
energy exchange and peripheral circulation.. The articles them-
selves have been microfilmed, placed in micrcfiche jackets, and
dupiicated fcr distribution to other institutions sharing interests
in these topics. Equipment was purchased through this grant to

0 0 • support preparation and viewing of the microfiches. 'Tis technique
is described more fully in refs. 1, 2, 5, 6, 7, 9, 28.

>• o.,4 B. Data storuge, analysis and cemparison system. A computerized data
o P storage system was developed in the early phases of the project.

This systeni operated on a dedicated IBM 7044 computer using a
graphic terminal. The system was used for the analysis of human

perforr-ince data as well. as for a variety of other applications.

Subsequently. the system was mnaitiall.y converted during the
EOPIdswed by
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13. ABSTRACT

A predictive model of human performance has been under fairly constant revision
as nea experimental and other information becomes available and is incorporated
into Lhe 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 environmental
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 earl.y phases of analyses. Products developed through
this project have been made available to USAF 5n severat 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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project's support period to a Chird generation timeahering
syr;tcm utilizing rerotc terminnIs. Complete descriptions of

the system are con'talned in reft.. 1, 9, 24, 28.

C. Techniques for on-litc data acquisition. After a detailed
review of comppater nupport systems, a Raytheon 703 wa's purchased

throug!h project support funds to provide on-line data acquisition
:11pport. This syste:r, war extensively used in the latter portion

of' the support period to collect data on normal -nd hig~nly

trained subjccts. Tnvetstigatiou of the most reliable transducers
to feed data into the sytem led to the acquisition of auxiliary
(:qulpront, Inc)iidlng a mass-spectrometer and o pneumotachometer.
The entire csytcmr has been unde'r continuing development through
Lhe support period, and it is nmx believed to be reliable, accurate
and efficient as a means for capturing experimer.tal data in machine
forrm.

in addition to dev(e.loping a hardware facility, the project has

produced a software system that greatly facilitates preparation of

programs designed to accept and store experimental data. The

package thus developed has been made available to other Raytheon

installationg connected with Air rorce related research. See
refs. 2, 11, 28.

D. Simulation support. Project sur,-nrt has led to development of

several simulation capabilities." Initially, an Interactive
version of MTIHC wws developed for use on the IBM 7044. This

systcr. was used to study renctive hyperemin and other problemn of

peripheral circulatio.-. Subsequently, a more sophisticated

sin:ulation language, CgNP (Continuous System-s 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.

E. Collection of human performance data. A considerable library of

experimental data is developin- as a result of project support. In

its initial phases, 80 normal middle aged males were evaluated by

a progre-sive treadmill test. In addition, 11 potients who had

undergone coronary surgery or who were recovering from heart attacks

were evaluated by a similar test. Results of these experiments

were compup.erized, analyzed by meLans of the initial verbion of the

interactiv, a-,1lysis system, and the results reported.,in several
publication-.

Several ex,,9.!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 Mcuntain Research Station) and im simulated high altitude

using a hypobaric chamber. See refs. 28, 29.

F. A predictive model of human performance. Late in the second year

of the project. a preliminary model of human performance was

developed u..dicr project support. This model was implemented on a

remote terminal connected to a tiimeshare system. It has since

been under fairly constant revision, as new experimental and other

information becomes available and in incorporated into the model's

design. The model illustrates techniques of interactive simulation,



f.recluding .titorial anss'ittance for the researc)er utifamillar
with its operation, intetrutible execution for adjustment of
workload or environnetal characteristics, and the ability to
,nterrogatc the status of any changing variable In the 6iodcl.
see refs. 32.

G. Applicat-lon of techniques to probleam afft:cting Air Force. In
rvospomc to reqCuCst-s fr=n Air Force resea';ch institutions, the
project st.ff have undertaken several specific problems. One
hN rcl;ated to the developmcnt of a mode] of acceleration, and
Jii in the early pFha.es of analyais. A sccond question dealt
wI.h effects of long tL'7 (several hours', exposure to extremiely
low hu,,Jdity. Tils problem has also beel studied in preliminary
form, and ha3 led to definition of furthar improvements in the
?,erolrmnnce mo•del which are currently bcing implemented. Other
.rlobleim: ere outlined late 1-. the support period and are receiving
attention aL this time, following compl,.tion of the grnnt suppori
porJod.

ProjPct membecrs also visited several Mr Force resenrch institutions
to discut;s areas of =utunl interest an(, tc share results of thls
project•a rosearch with Air Force personnel. In addition,
rcpresentatives of several [groups have visited the Davis facilitieb.

if. Ih:Etension of research tools to Air Force institutions. The
'roddicts devel.oped through this projetct have been made available
in sj-verru forms. hicrofiched b.ibli•e•raphles have been rent to

wýright: Pattornon, Brook-s School of Ae-ospace Medicine and the
Air Force Academy. Computer prog•-n.s have been installed at thc
Academy. Experimental data from the Xcademy have been sent to
Davis for preparation In machine readable form. Several efforts
bave been made to estalbfsh telephone connection to computer
programs .jvailrble at the Davis campus. These effort.3 are
continuing.

11I. Summary

The project proved the vanue of an interdisciplinary approach to the
analysjs 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 considerable interest as a result
of these new methods. At present, the research effort initia,ted through
grant support is continuing the resolution of problems initially
established, using the format and techniques developed during the initial
support period.



-4-

List of Materials Produtced Through Project AFOSR 69-1659

RP..,0rts .V,)mitted to Office of Scientific Researooh:

1. Project Review Summnary, October 1969.

2. ProJerct Review Summary, October 1970.

3. Abstract of report presented at Brooks School of Aerospace
Medicine, September 1971.

4. TIe project staff meets at approximately weekly intervals to
consider varioun aspects of the research. Minutes of these
meetings have been prepared regularly and are distributed to
AFOSR, to AI4RL in Wright Patterson and at Brooks, and to the
Life Sciences and Electrical Engineering Departments at the
Ac-ademy.

Bibl-iograph ies :

5. Microfiche library on hmrian perforaance. Approximately 630
references distributed during project support period to groups
listed in (4) above.

6. rI crofiche library on peripheral circulation. Approximately 470
references distributed ar above.

7. Microfiche library on cneigy exchange. Approximately 320
references distributed as above.

Computer Programs:

8. H!uman performance prediction model: installed at Air Force Academy.

9. Bibliographic support program system installed at Air Force Academy.

10. CSMP (interactive system) installed at Air Force Academy.

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

12. On-line data analysis system. Currently under revision to convert
and expand for implementation on new comput'er. Initial. version
inactive.

Papers Presented at Meetings:

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

14. Digital Interactive Simulation: presented at Gordon Conference in
Biomathematirs, Proctor Academy, New Hampshire, 1969, July.

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

16. UJse of Computer Graphics In Simulation: Fall Joint Computer Conference,
November, 1970, Las Vegas, Nevada.
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17. Une of Computer Graphics in Simulatioi.: School of Medicine, Stanford
University, Stanfor•', California, October, 1969.

18. Computer Simulation with Bibliopraphic and Data Support In Physiology,
Invited paper, teaching session, American Physiological Society,
Atlantic City, New Jcrsey, April, 1970.

19. Teaching and Research Through Computer Simulation: Report presentec!
to Joint Automatic Control Conference, Atlanta, Georgia, June, 1970.

20. A Model of Peripheral Circulation: Report pre.sented at Sumnier
Computer Simulation Conference, Denver, Colorado, July, 1970.

21. A Predictive Model ef human Perfornance: Report presented at Surmmer
Computer Simulation Conference, Boston, Massaý:husetts, July, 1971.

Scientific Exhibits:

22. Computer Support of Physiologic Research: Scientific Exhibit at Annual
Scientific Meeting of Aerospace Medical Association, April, 1970.

Motion Pictures:

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

24. Computer Supported Training in Physiology. 14 ndn., color, sound,
produced at U.C. Davis, Februar,, 1971.

'lTescs Written as Part of Project:

25. Renoud, C.R.C., "Digital Interactive Simulation," M.S. thesis in
Engineering, University of California, Davis, 1969.

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

Publi cat ions:

2ý7. Rcnoud, C.R.G., and Richard F. Walters, CSSL Conference on Applications
of Continuous System Simulation Languages, "Thie Intera7ctive Creation,
Execution and Analysis of Biological Simulation Using MIMIC on a
Craphic Terminal," June, 1969.

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

20. Adams, W.C., Carlson, L.D., Reiley, J.S., Renoud, C.R.G., Walters, R.F.,
"Interactive Techniques for Analysis of Hu-aan Performance," presented
at Aerospace Medical Association Meeting, April, 1970.

30. Walters, R.F., and R. El. Smith, "Biological Control Systems: Teaching
and Research through Interactive Computer Graphics," presented at
American Society for Mechanical Engineers meeting, June, 1970.

31. 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.



32. Walters, R.F., and Carlson, L.D., "A Predictive lJodel of Human
Performance," Proceeeings 'of the 1971 Summer Computer Simulation
Conferencc, July 19-21, 1971, Boston, Massachusetts, pp. 911-918,
1971.

33. 14a.t:ers, R.F., (;arlson, L.D., ",m Interactivtt System for the
Ut01-zatIon of Scientific Information," Review of Air Force
Spon!,or'd Basic Research in Environmental and Acceleration
PMysiology, September 28-29, 1971, at Aerospac:e Medical Division
Air Force Systems Conmand Brooks AF'B Texas, 1971.

NoJ-kshops:

34. Workshop on peripheral circulntloi, held at U.C. Davis, June, 1971.
Attonded by project staff plus Dr. Keith Cooper and Dr. John Krcg.
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