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PREFACE

The United States Air Force Graduate Student Research Program
(USAF-GSRP) 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/Scientist. 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 wupon by the students and the Air Force. In addition to
compensation, travel and cost of 1living allowances are also paid. The
USAF-GSRP is sponsored by the Air Force Office of Scientific Research, Air
Force Systems Command, United States Air Force, and {s conducted by
Universal Energy Systems, Inc.

The specific objectives of the 1988 USAF-GSRP are:

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

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

(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.

During the summer of 1988, 107 graduate students participated. These
researchers were assigned to 23 USAF laboratories/centers across the
country. This three volume document is a compilation of the final reports
written by the assigned students members about their summer research
efforts.
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B.S., Math/Physics, 1986
Applied Physics
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B.S. Physics, 1987
Computer Analysis
Avionics Laboratory




Daniel W. Barineau

Dept. of Engineering Science
Virginta Tech.

1300-8 Terrace View Apts.
Blacksburg, VA 24060

(703) 552-7867

John W.J. Barnaby

Dept. of Electrical Engineering
University of Alabama

Box 6169, 317 Houser Hall
Tuscaloosa, AL 35487-6169
(205) 348-6351

Kathleen M. Bennett

Oept. of Engineering Mgmt.
University of Dayton

300 College Park

Dayton, OH 45469

(513) 229-2699

Mark N. Beorkrem
Oept. of Psychology
Washington University
One Brookings Drive
Campus Box 1125

St. Louis, MO 63130
(314) 889-6536

Joel L. Berg

Dept. of Eng. Science & Mech.
Virginia Polytechnic Inst.&S.U.
Blacksburg, VA 24061

(703) 961-6326

Darwin L. Boyd

Dept. of Physics

Kent State University
Smith Laboratory of Physics
Kent, OH 44242

(216) 672-2880

George C. Boynton

Dept. of Physics
University of Miami

P 0 Box 248046

Coral Gables, FL 33124
(305) 284-2323

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

it

B.S., Chemical Eng., 1987
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Harry G. Armstrong Aerospace
Medical Research Laboratory

B.S., Electrical Eng., 1987
Electrical Engineering
School of Aerospace Medicine

B.S., Mechanical Eng., 1984
Engineering Management
Flight Oynamics Laboratory

B.S., Psychology, 1987
Organizational Behavior
Human Resources Laboratory:
Operations Training Div.

M.S., Engr. Mechanics, 1984
Structural Vibrations
Astronautics Laboratory

B.S. Physics, 1982
Condensed Matter Physics
Materials Laboratory

M.S., Physics, 1983
Physics
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Mark L. Brusseau

Dept. of Soil Science
University of Florida
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Bruce W. Bullard
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University of Colorado
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Franklin A. Bynum
Dept. of Physics
Miami University
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Kevin L. Carmichael
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Wright State University
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Lance H. Carter

Dept. of Aerospace Eng.
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University of Alabama
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University of Dayton
300 College Park
Dayton, OH 45469

(513) 228-4111

———>

Degree:

Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

iv

M.S., Geology, 1984
Contaminant Hydrology
Engineering & Services Center

B.S., Electrical Eng., 1988
Electrical Engineering
Frank. J. Seiler Research Lab.

M.S., Physics, 1988
Physics
Weapons Laboratory

B.S., Physics, 1987
Solid State Physics
Avionics Laboratory

B.S., Aerospace Eng., 1987
Engineering Mechanics
Astronautics Laboratory

B.S. Physics, 1986
Physics
Armament Laboratory

B.S., Physics, 1987
Image Processing
Avionics Laboratory




Patricia P. Cooper

Dept. of Applied Psychology
Francis Marion College
Flora2nce, SC 29501

(803) 661-1378

Otis Cosby, Jr.

School of Medicine
Meharry Medical College
1005 0.8B. Todd Blvd.
Nashville, TN 37208
(615) 327-6223
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Dept. of Computing Info. & Sci.

Kansas State University
234 Nichols Hall
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Meharry Medical College
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Dept. of Computer Science
Jackson State University
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Susan M. Dumbacher

Dept. of Aerospace Eng.
University of Cincinnati
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University of Arkansas
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Natural Science
School of Aerospace Medicine

M.S., Computer Science, 1986
Computer Science
Rome Air Development Center

M.S., Microbiology, 1988
Microbiology
School of Aerospace Medicine

B8.S., Computer Science, 1987
Computer Science
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Controls
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Kent State University
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B.S., Civil Engineering, 1988
Geotechnical and Materials
Flight Oynamics Laboratory

B.S., Zoology, 1985
Neurochemistry
School of Aerospace Medicine

M.A., Sociology, 1988
Alcohol and Orug Studies
Human Resources Laboratory:
Manpower and Personnel Div.

B.S., Mechanical Eng., 1988
Systems Modeling & Dynamics
Materials Laboratory

B.S., Chemical Eng., 1988
Polymeric Materials
Astronautics Laboratory

B.S., Mechanical Eng., 1987
Mechanical Design
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Mechanical Engineering
Astronautics Laboratory
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Thomas K. Harkins
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Louisiana State University
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Andrew Hensley

Dept. of Mechanical Eng.
University of Detroit
Detroit, MI 48603

(313) 927-1242
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B.S., Eng. Mechanics, 1987
Composite Materials Design
Astronautics Laboratory

8.S., Electrical Eng., 1983
Digital Signal Processing
Avionics Laboratory

M.A., Exp. Psychology, 1978
Cognitive Psychology

Harry G. Armstrong Aerospace
Medical Research Laboratory

B.S., Wildlife Biology, 1981
Environmental Engineering
Engineering & Service Center

B.S., Mechanical Eng., 1986
Flight Dynamics
Armament Laboratory

B.S., Mathematics, 1983
Applied Mathematics
Rome Air Development Center

B.S., Mechanical Eng., 1988
Process Modeling
Materials Laboratory




Norman C. Holmes

Dept. of Mechanical Engineering

University of New Hampshire
Durham, NH 03824-3541
(617) 662-6386

Stephen R. Jenei

Dept. of Biology
University of Dayton
300 College Park Drive
Dayton, OH 45469-0001
(513) 229-2135

Alan C. Jewell

Dept. of Civil Engineering
Colorado State University
Fort Collins, CO 80521
(303) 491-5048

Jennifer A. Joyce
Dept. of Chemistry
Texas A&M University

College Station, TX 77843-3255

(409) 845-5345

Steven P. Kahn

Dept. of Eng. Science & Mech.

Virginia Tech. University
Blacksburg, VA 24060
(703) 953~1966

Elizabeth J. Kavran
‘Dept. of Biology
University of Dayton
300 College Park Road
Dayton, OH 45429
(513) 229-7660

Phyllis Y. Keys

Dept. of Generai Engineering
University of Il1linois

909 S. Fifth Street
Champaign, IL 61820

(217) 332-5010
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Degree:
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B.S., Mechanical Eng., 1984
Mechanical Engineering
Flight Dynamics Laboratory

B.S., Biology, 1986
Endocrine Physiology

Harry G. Armstrong Aerospace
Medical Research Laboratory

B.S., Geophysical Eng., 1984
Geophysical Engineering
Weapons Laboratory

B.S., Chemistry, 1988
Inorganic Chemistry

Frank. J. Seiler Research Lab.

B.S., Eng. Science and
Mechanics, 1988
Engineering Mechanics
Astronautics Laboratory

B.A., Biology, 1987

Biology

Harry G. Armstrong Aerospace
Medical Research Laboratory

B.E., General Eng., 1987
Human Factors

Occupational and Environment
Health Laboratory




Thomas E. Kimble

Center for Space Sciences
Physics Program

Univ. of Texas at Dallas
2601 North Floyd Road

P 0 Box 830688, M.S. F0-22
Richardson, TX 75083-0688
(214) 690-2884

Charles L. King

Dept. of Industrial Eng.
University of Arkansas
4207 Bell Engineering Ctr.
Fayetteville, AR 72701
(501) 575-3156

Scharine Kirchoff
Geophysical Institute

Univ. of Alaska - Fairbanks
P 0 Box 83328

Fairbanks, AK 99708

(907) 479-5866

Christopher G. Kocher

Dept. of Civil Engineering
Southern ITlinois University
Carbondale, IL 62901

(618) 536-2368

Michael J. Koharchik

Dept. of Engineering Mechanics
The Pennsylvania State Univ.
State College, PA 16802

(814) 237-6527

Keith A. Krapels

Oept. of Electrical Eng.
Memphis State University
Memphis, TN 38152

(901) 454-3312

Richard J. Kunze

Dept. of Psychology

Unfversity of Missouri-Columbia
210 McAlester Hall

UMC Campus

Columbia, MO 65211

(314) 882-435)
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ix

B.A., Economics, 1981
Space Sciences
Air Force Geophysics Lab.

B.S., Industrial Eng., 1988
Management

Human Resources Laboratory:
Logistics & Human Factors Div.

M.A., Geology, 1986
Geophysics
Air Force Geophysics Lab.

B.S., Eng. Mechanics, 1986
Engineering Mechanics
Astronautics Laboratory

B.S., Aerospace Eng., 1987
Aerospace Structures
Astronautics Laboratory

M.S., Electrical Eng., 1986
Electrica) Engineering
Arnold Engineering
Development Center

B.A., Psychology, 1986
Experimental Psychology
Harry G. Armstrong Aerospace
Medical Research Laboratory




Thomas E. Lane

Dept. of Chemistry
Ball State University
Muncie, IN 47306
(317) 285-8078

Bobby L. Larry

Dental School

Meharry Medical College
1005 D.B. Todd Blvd.
Nashville, TN 37208
(615) 322-9819

Aleshia C. Lewis

Dept. of Biology
Meharry Medical College
1005 D.B. Todd Blvd.
Nashville, TN 37208
(615) 327-6111

Yuhong Y. Li

Dept. of Computer Science
University of Nebraska
Lincoln, NE 68588

(402) 472-7211

Yolanda A. Malone

Dept. of Pharmacology
Meharry Medical College
1005 D.B. Todd B1lvd.
Nashville, TN 37208
(615) 327-6111

Randal L. Mandock

School of Geophysical Science
Georgia Inst. of Technology
Atlanta, GA 30332

(404) 894-3890

David L. Mayfield

Dept. of Ind./Org. Psychology
University of Georgia

Athens, GA 30602

(404) 542-3053

Degree:

Speclalty:
Assigned:

Degree:
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Degree:
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Degree:
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Assigned:

Degree:
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B.S., Biology, 1988
Immunology & Microbiology
School of Aerospace Medicine

B.S., Biology, 1978
Dentistry
Wilford Hall Medical Center

8.S., Microbiology, 1986
Microbiology
Wilford Hall Medical Center

M.S., Chemical Eng., 1977
Chemical Engineering
Avionics Laboratory

M.S., Medicine, 1988
Medicine
School of Aerospace Medicine

M.S., Atmospheric Sci., 1986
Atmospheric Science
Avionics Laboratory

B.S., Psychology, 1987
Industrial/Organ. Psychology
Human Resources Laboratory:
Manpower and Personnel Div.




John E. McCord

Dept. of Chemistry
Murray State University
Murray, KY 42071

(502) 762-4490

David B. McKenzie

Dept. of Civil Engineering
Michigan Technological Univ.
Houghton, MI 49931

(906) 482-4882

Salvatore P. Micelj

Dept. of Aerospace Eng. Sciences

Univ. of Colorado - Boulder
Campus Box 429

Boulder, CO 80309-0429
(303) 492-6417

Hisook L. Min

Division of Basic Studies
Jarvis Christian College
Hawkins, TX 75765

(214) 769-2174

Deborah J. Mitchell

Dept. of Chemistry

Prairie View A&M University
Drawer C

Prairie View, TX 77446
(409) 857-3910

William A. Moran

Dept. of Chemistry

Calif. State Univ. -Northridge
18111 Nordhoff Street
Northridge, CA 91330

(818) 885-3381

William D. Morse

Dept. of Electrical Eng.
Ohto State University
205 Dresser Laboratory
2015 Neil Avenue
Columbus, OH 43210-1272
(614) 292-2572
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B.S., Chemistry, 1987
Physical Chemistry
Weapons Laboratory

B.S., Civil Eng., 1988
Environmental Engineering
Engineering & Services Center

B.S., Aerospace Eng., 1988
Unsteady Aerodynamics
Frank. J. Seiler Research Lab.

M.S., Computer Science, 1987
Applied Physics
Armament Laboratory

B.S., Chemistry, 1986
Biochemistry

Harry G. Armstrong Aerospace
Medical Research Laboratory

B8.S., Chemistry, 1986
Chemistry
Astronautics Laboratory

B.S., Electrical Eng., 1987
Electrical Engineering
Flight Dynamics Laboratory




Lisa F. Weinstein

Dept. of Psychology

Univ. of Illinois

at Urbana-Champaign
Aviation Research Lab., Q5
#1 Airport Road

Savoy, IL 61874

(217) 244-8728

Michael A. Zmuda

Dept. of Computer Science
Wright State University
Dayton, OH 45324

(513) 873-249

Degree:
Assigned:

Degree:
Specialty:
Assigned:

xvii

M.A., Experimental Psy., 1987
Engineering Psychology

Harry G. Armstrong Aerospace
Medical Research Laboratory

B.S., Compt. Sci. & Math, 1987
Pattern Recognition
Avionics Laboratory
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Cornell University
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Trinity University
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Wright State University
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Dayton, OH 45435
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B.S., Electrical Eng., 1987
Communications Systems
Rome Air Development Center

B.S., Environ. Mgmt., 1988
Signal Processing

Human Resources Laboratory:
Operations Training Div.

B.S., Geology, 1985
Geotechnical Engineering
Engineering & Services Center

M.S., Mathematics, 1987
Waves in Random Media
School of Aerospace Medicine

B.S., Mechanical Eng., 1987
Combustion, Fluid Dynamics
Aero Propulsion Laboratory

B.A., Biology, 1988
Biological Oceanography
School of Aerospace Medicine

8.S., Chemistry, 1986
Toxicology

Harry G. Armstrong Aerospace
Medical Research Laboratory




James 0. Roberts

Dept. of Engineering

Univ. of Texas-San Antonio
San Antonio, TX 78285
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Matthew S. Rubin

Dept. of Elect. & Compt. Eng.
Ohio University

West Green Drive

Stocker Center 329

Athens, OH 45701-2979
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John Y. Salinas

Dept. of Medicine
Meharry Medical College
1005 0.8. Todd Blvd.
Nashville, TN 37208
(615) 327-4537

Eric 0. Schmidt

Dept. of Geophysical Science
Georgia Inst. of Technology
Atlanta, GA 30332

(404) 894-3897

Gregory A. Schoeppner
Dept. of Civil Engineering
Ohio State University

470 Hitchcock

2070 Neil Avenue

Columbus, OH 43210

(614) 292-7304

Douglas J. Sego

Dept. of Organ./Behavior Mgmt.

Michigan State University
232 Eppley East

Lansing, MI 48824

(517) 353-5414

Anne L. Siegman

Dept. of Mathematics
University of Miami
1107N 1239 Dickinson Dr.
Coral Gables, FL 33146
(305) 284-2925
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Improvements in the Control of Robotic Arm Simulations
Using the Articulated Total Body (ATB) Model
by
Daniel William Barineau

Abstract

Modifications were made to the control of torque generation
in the Air Force’s ATB model. Improved controller feedback
was created by adding an integral control term to the exist-
ing control equation. Motion studies were performed using a
Merlin robot simulation to determine control variables for
single joint rotations. A joint rotation range from -180

degrees to +180 degrees was examined,

Values determined from the above study for the six joints in
question were added to the input description as a tabular
set of data, which the computer could access depending on
the joint target angles set Dby the operator. Simultaneous
multi-joint rotations were also studied using the same con-
trolling values as were used in single joint rotations. It
was found that these numbers produced accurate results for
all Jjoint rotations, as long as either the shoulder or elbow
Jjoints were held at their initial angular positions. The
error produced when the target angles for both the shoulder
and elbow were non-zero was less than two degrees of arc.
This problem can be overcome by modifying the control equa-

tion with some function of the robot’s inertial properties.
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I. INTRODUCTION:

The Articulated Total Body (ATB) Model is a computer simula-
tion program used to analyze human body responses in dynamic
environments. It was originally developed by Calspan Corpo-
ration in the 1970’s for the Hational Highway Traffic Safety
Administration (NHTSA) for simulating three dimensional

dynamics in automoblle crashes. That initial program,

called CVS for Crash Vehicle Simulator, underwent extensive
changes by the Air Force to arrive at the current ATB model
(Ref. 1). Included in these modifications is the ability to

generate torques at the joints of a described body model.

The Modelling and Analysis Branch of the Harry G. Armstrong
Aerosxﬁace Medical Research Lab at Wright-Patterson AFB has
recently been using the ATB model to simulate robotic motion
and its control. The active generation of torgque at the
model’s joints enables the simulation to interact within its
environment by means of internal rather than éxternal
forces. The resulting Kinematic and dynamic data can provide
valuable information in perfecting robotic usage in the
aerospace field and the development of active human body

simulations,

My research interests in the Dbiomedical field have included
the analysis and modelling of human muscie and its control.

During the 1987-88 school year I installed the ATB program
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on the ATA&T 3BiS computer system in the Engineering Mechan-

ics department of Virginia Tech. By doing this I Dbecame

quite familiar with many of the 130+ subprograms and over
16,000 lines of Fortran code. The object of this work was a
thesis oriented goal of simulating robotic motion in a coor-
dinated fashion within specified error 1limits. The addition
of similar actuator elements into a mannikin description
would create a more realistic model of the human body that
not only passively responded but could actively resist
external environmental forces. The robot simulations are an

initial step in this direction.

II. OBJECTIVES OF THE RESEARCH EFFORT:

In their current forms, crash and ejection simulations run
on the ATB use mannikin descriptions that can only passively
react to their environment. Therefore, an obvious improve-
ment would be the ability to generate torques at the joints
of the model. This would create an approximation of human
muscle contraction across the joints in an attempt either to
move or remain stationary during a simulation. Another
application in which torgque generation at joints would be
necessary, is the use of the ATB program to analyze robotic
motion. Aerospace operations including satellite retrieval,
waste disposal, and the movement of heavy objects provide
opportunities for the use of remotely controlled robots.

With this in mind, the ATB could provide Kinematic and'
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dynamic data by simulating the desired task. An initial
step towards attaining these goals is the generation and
accurate control of joint torques in a robotic arm simula-

tion.

In its current form, the ATB model is based on the rigid
body dynamics of coupled systems with Lagrange type con-
straint equations. This allows a system to be described as
a set of rigid segments, coupled at joints which allow the
application of torgues as functions of joint orientations
and rate of change of orientations (Ref. 2). The current
simulation is that of an American Cimflex MR6500 Merlin
robot with six articulations. The physical description that
is input into the program contains the values of mass,

moment of inertia, and segment geometry.

The control of angular displacement created by the joint
torques is contained in a subroutine that can be modified to
represent whatever controlling equation the user desires.
At the Dbeginning of the summer the controlling equation
being used was :

T = £2(0-8) - £3(6) (1)
where: 8o = £4(1),

T 1is the joint <torque applied by

the actuator,

€@ 1is the Jjoint angle,

8o is the Jjoint targe® angle,

€& 1s +the joint angular velocity,

t is time, and
fi’s are input functions.
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In this case, f4(t) is a constant {function equal to 8,
while £3(0-6,) and £3(6) are equal to K¥©-8,) and K6
respectfully. This represents both proportional and deriva-
tive control of the joint torgue feedbacK, but does not con-
tain an integral control term. Oftentimes, the lack of this
term will create a steady state angular error of the shoul-

der and elbow joints due to forces such as gravity.

My assignment as a participant in the 1988 Graduate Summer
Research Program was to add an integral control term to the
existing control equation. The modified equation appears
as:
. t
T = £5(0-8,) - £3(6) - f4(5(e-e°)dt) (2)
( ]

t
Where all terms are the same as before, and £4(S(e-9°)dt) is
(]

equal to Kgz» S‘(e-eo)dt. In addition to this, I was to
3

examine the values of the Kj terms for <£unctional relation-
ships over an angular rotation range from -180 to +180
degrees., This information would allow me to modify the
input description to the ATB program so that in changing
rotational angles in subsequent simulations, an operator
would only have to specify the desired target angles,
Finally, I was t¢o attempt the simultaneous movement of all
joints in the model, to determine if inertial properties

needed to be taKen into account in simulating coordinated

motion.
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II1.

a. In adding integral control to the ATB program, modifica-
tions were made to subroutine USER, in which a user defined
equation controls the joint feedbacK information. As pre-
viously mentioned, the modification appeared as constant
term times the integral o¢f the error function (Ref. 3)
This was approzximated by the summation of (& -6,) at the
given time intervals multiplied by the differential time
step dt. Operational verification was limited to the obser-
vation of Jjoint output to see if the new equation could
remove the steady state error, while at the same time creat-

ing a characteristic integral term instability.

b. The results of these program changes were the removal of
the steady state angular error in both the shoulder and

elbow joints for single rotations. A small amount of oscil-
latory instability, less than .010 degrees, was also intro-

duced into the system as expected.

Iv.

a. Functional dependencies for Ky, K3, and K3 were
initially determined for single joint rotations of the
shoulder and elbow. Therefore, the 1isolated joint’s motion
and control parameters were unaffected by inertial effects

from other segments. The shoulder and elbow were examined
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first Dbecause of their relatively large moments of inertia
and the resulting steady state displacements due to gravity.
After these two, the waist, forearm, wrist and palm Jjoints
were examined for the same relationships. In all cases,
rotational ranges from -180 to 180 degrees were examined,
and for this initial work, contact between segments was not
taken into consideration. For all joints, a similar initial
robot orientation was used as the model for tuning of the
control parameters. The control variables of Ky, Kp, and Kg3
were varied until an angular displacement curve was achieved
that had the following qualities:

{t) less than one-half percent overshoot,

{2) wultimate angular displacement errors
of less than 0.03 degrees, and

(3) a rise time to the target angle
between .25 and .35 seconds.

As initial approximations, values for the Kji’s were obtained
from quarter decay and critically damped control equations
(Ref. 5). These were then modified to fulfill the condi-

tions stated above.

b. 1Initial results produced by using the control parameter
estimating equations were unsatisfactory in attaining the
desired target angle. Initial positioning of the model, and
physical dimensions needed to be takKen into account before
proper responses were obtained. K; terms for all joints
other than the shoulder varied with relative angle displace-

ments as functions of co3(9,). The K; term for the shoulder
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varied as a function of eo'i. Ko values for all Jjoints
studied were also periodic as some function of co3(8y).
Relative values for both Ky and Xz were proportional to the
inertia of the segments Dbeing moved by the joint, i.e.
Koshoulder > Kpelbow > Kpforearm > .. etc. For K3 values,
the shoulder and elbow were once again functions of cos(8y)
while the other four joints had constant values of zero due
to negligible gravitational displacements. For graphical

depictions of these relationships, see Figures {-3.

a. It was decided that the values for K;, K;, and K3 over
the range of relative angular displacements from -180 to 180
degrees, would be input to the ATB in tabular form. Due to
the way in which the program retrieves data from the input
decKk, this required changes in the equations defined in sub-
routine USER. Verification of results would be accomplished
by comparing results from previous simulations with those

using the tabular data set.

b. The results obtained from using the tabular set of Kj
descriptions was much more flexible once it was operating
correctly. As noted earlier, after modification, the opera-
tor need only specify the desired relative angular displace-
ment and the computer looks up the necessary valiues for K,

Ko, and Ks.
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VI.

a. For producing simultaneous s8ixX Jjoint motion, the pre-
viously input values for single joint motions were used.
This was initially completed for the four joints, that had
not experienced any significant displacement due to gravity,
namely the waist, forearm, wrist, and palm. Subsequent
trials included one of the two remaining joints, either the
shoulder or .the elbow. Final simul.ations included all six
Jjoints rotating simultaneously +to s8ix different relative

angles.

b. The initial tests with four joints, and the subsequent
ones including five joints were well coordinated in the same
manner as the single joint rotations. In adding the sixth
Joint, either the shoulder or the elpow, the K values were
no longer sufficient to maintain the previously specified
accuracy (less than 0.03 degrees error). 'i'his inaccuracy
was approximately one percent of the relative angular dis-
placement for both the shoulder and elbow joints. These
effects are most liKely created by the configuration and

inertial gqualities of the upper two arm segments.
VII. RECOMMENDATIONS

a. The way in which the present system controls the simu-

lated robotic arm should be sufficient for most modelling
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cases. The current set-up will allow the accurate control
0of the angular displacement profile for one to five joint
motion. Kinematic and dynamic data for the allowed five
joint simulations should prove useful in robotic motion mod-

elling and analysis.

b. The first suggestion for {follow-on research is to incor-
porate some form of adaptive control into the present con-
trolling equation in order to remove the error in simulta-
neous shoulder-elbow rotations. Another area to be looKed
into is the validation of the simulation results against the
actual motion studies of a similar robot. This should not
be overly difficult in that there is already a robot of this
Kind in the department. The expansion of the number of mod-
elled joints to include all those found in the human body is
another possible research area. Finally, a very useful way
to use this torgque generation and control scheme is to
incorporate it into mannikin models. This would allow the
active movement of the simulated humans in either ejection

or car c¢rash simulations.
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Many volitile hydrocarbons are widely used as additives
in jet and automobile fuels. JP-4 is a complex mixture
of aliphatic and aromatic hydrocarbons with various
additives and is used as a fuel additive. This
investigation looked at +the effects of JP-4 on the
kidneys and livers of Fischer F344, male rats.
Sections of Kkidneys containing +the glomeruli were
processed and sectioned for transmission electron
microscopy (TEM). Also, as part of the summer program,
tissues collected from ALCAP implantable ceramic drug
delivery capsules were obtained from animals implanted
for three months and examined for inflammatory and
immune response. A new procedure utilizing scanning
electron microscopy for examination of spermatozoa was

also developed for the Air Force.
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I. INTRODUCTION

The Air Force has evaluated the compatibility of shale
derived turbine fuels with aircraft engines such as the
shale derived JP-4 jet fuel. Acute and subcrhonic
toxicity evaluations were preformed to provide
information dealing with the health and safety
concerns. Previous studies of hydrocarbon fuels have
shown morphological changes in the kidneys of male rats

(MacEwen and Vernot, 1978; 1981).

II. OBJECTIVES OF THE RESEARCH EFFORT

The objectives of this investigation was to determine
the toxic effects of a 90 day continuous exposure of
rats to shale derived TP-4 vapours for comparison with
a previous 90 day petroleum JP-4 study by MacEwen and

Vernot (1980).

Because of mechanical difficulties with the
transmission electron microscope (TEM) and to expand
training in electron microscopy, part of the summer
research time was spent on evaluating the tissue which
encapsulates an implantable ceramic drug delivery
device which +the Air Force uses to deliver wvolitile
materials. A second project was +to develcope a

satisfactory procedure for evaluating spermatozoa and
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implants by scanning electron microscopy (SEM) for the

Air Force.

MATERIALS AND METHODS

In this investigation, the shale derived JP-4 samples
(test fuels) to be used was supplied by the USAF. The
JP~4 shale fuel was a complex mixture of aliphatic and
aromatic hydrocarbon compounds including various

additives.

3 3
The rats were exposed to 500 mg/m and 1000 mg/m shale

JP-4 vapour on a continuous basis for 90-days. Three
Thomas Dome Isolation Chambers were used with the
control Jroup being eposed only to the natural air.
Each chamber housed 95 male and 75 female Fischer 344
rats. After the 90 day continuous exposure, 15 rats of
each sex from each group were sacrificed. The
reméinder of the animals were sacrificed at 2 weeks, 2
months, and 9 months post-exposure. The final
sacrifice was then 24 months post-exposure. It is the
2 month, post-exposure group consisting of 10 male rats
which were investigated under the Graduate Student

Summer Support Program.

72-5




The kidneys and livers taken from the JP-4 exposed
animals 2 months post-exposure were fixed in 1.5%
Karnovski’s fixative £for 36 h and then minced into 1
mm3 cubes for processing for transmission electron
microscopy (TEM). The tissues were embedded in Epon
synthetic resin and then sectioned (1 micron) using an
ultramicrotome, Upon examination of the 1 micron or
thick sections, areas of interest were marked and the
tissue samples +trimmed down for 600 angstrom or thin
sectioning. The +thin sections were then stained by
uranyl acetate and lead citrate heavy metal stains and

placed on a copper grid for placing into the

transmission electron microscope.

Alumino-calcium-phosphorus oxide (ALCAP) ceramic
capsules which had been implanted intraperitoneally in
rats for 3 months were investigated. These capsules,
which contained a protein mixture, had elicited a host
reponse and were completely encapsulated with tissue.
The tissue surrounding the capsules was examined for an

inflammatory and/or immune response by the host.

Tissues collected from the ALCAP capsules were first

fixed in 10% neutral buffered formalin for two weeks.
3

The tissues were then sliced in 1 mm sections and

processed for paraffin embedding. After embedding 1in

paraffin blocks, the +tissues were cut in 5 micron
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slices on a rotary microtome and the sections placed on
glass histology slides. The histology slides were
stained by standard hematoxalin and eosin stains and
coverslipped using a synthetic resin mounting agent.
The slides prepared were examined for the presence of
inflammatory cells and immune cells along with
collagenous scar tissue and accompanying

vascularization.

The ceramic implants and spermatozoa collected from 3
month post-implant rats were prepared and examined by
SEM. The specimens were fixed in 10% neutral buffered
formalin for two weeks and the prepared by Efreeze
drying to preserve the natural state of +the +tissues.
The samples were placed onto specimen stubs and
immediately place into liquid N . The specimens were
then transferred to an EmscopezFDSOO freeze drier and
dried overnight. The specimens were then coated with

gold wusing a sputter coater and examined using Amray

SEM.

RESULTS TO DATE

The work involved in the study of the effects of the
shale JP-4 on the kidneys of male rats is in progress
at the time of the writing of this final report. The
data obtained to date has shown that the proximal

3
tubules of rats exposed to 500 mg/mm of the shale JP-4
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had more hyaline droplets than the proximal tubules of
the control animals. Furthermore, the proximal tubules
of animals exposed to 1000 mg/mm3 of the shale JP-4 had
even greater numbers of hyaline droplets present and
dialated spaces where the renal tubular cells
interdigitate. This study will cantinue in the

Ultrastructural Laboratories of AAMRL/THT under the

direction of Dr. David Mattie.

The study involved in the evaluation of fibrous tissue
encapsulating the ALCAP ceramic capsule implants and
spermatozoa has been completed. The study so far has
shown that collagenous fibrous scar tissue with
accompanying vascularization encapsulates the implant.
Within the tissue, there was found a =zone of
hypercellularity within the tissue sections. Along the
inside surface of the tissue was found numerous
multinuclear-giant cells (MNGC), macrophages,
undifferentiated and differentiated lymphocytes, and
granulocytes. The presence of these cells indicate
both an immune response and an inflammatory response
has taken place against the implant and/or the protein

within the ALCAP capsule.

Since there was an abundance of differentiated plasma
cells present within the tissue, it could be assumed
that antibodies are being produced against the proteins
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held within the capsule. However, without the aid of
special immunostaining techniques, positive
identification of the materials for which the
antibodies are directed against. The presence of the
MNGC’s, which result from the fusion of macrophages
attempting to digest indigestable material, are an
indicator of a chronic immune and/or inflammatory

response.

The studies involving the evaluation of spermatozoa by
scanning electron micrascopy showed that the
spermatozoa could be preserved intact using the methods
for freeze-drying developed during the summer.
Spermatozoa were able to be viewed clearly for precense
of malformations, 'decapitation, split tails, or other
morphological changes in the structure of the

spermatozoa.
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IV. RECOMMENDATIONS

The results of the shale JP-4 study are not complete
and will require completion of the investigation before
the complete conclusions and recommendations can be

made.

The ALCAP ceramic drug delivery device would probably
not be a viable delivery system for proteins unless an
immune tolerance to the protein could be developed by
the host. The delivery device could, however, be used
to elicit an immune response for the production of

specific antibody.

The use of freeze-drying for examination of spermatozoa
by SEM can be incorporated by the air force as an
additional tool in the evaluation of the effects of
chemicals on <the male reproductive system. The
incorporation of immunogold labelling techniques for
detection of inhibin or similar glycopreoteins using the
SEM in conjunction with x-ray microanalysis and
backscattering techniques could prove vital in
determining the function and mechanism of action of the

interaction of inhibin with spermatozoa.
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CERAMIC QOMPOSITE MATERIALS FOR ESTABLISHING

INGROWTH OF BONE AND DEVELOPING

BONE REMODELING MODELS

ABSTRACT

The primary obJjective of this study was to prepare a Tricalcium
Phosphate (TCP) bone composite. X-ray diffraction analysis confirmed
that the aqueous precipitation and sulfate calalysis procedure employed
in this investigation yielded 166% pure TCP. This investigation also
looked at the setting properties of different TCP and polyfunctional
acid composites. Results obtained indicated that addition of malic acid
to TCP yielded the best composite, This composite set &and hardened
within 15 minutes. The pH studies confirmed that a TCP composite with
malic acid and calcium hydroxide on dissolution maintain an alkaline pH.
The effect of implanting an ALCAP, malic acid and calcium hydroxide
composite on the blood profile of rhesus monkeys was also observed in
this investigation. The data obtained showed that the composite
implants did not change the blood chemistry profile of the rhesus

monkeys.
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I. INTRODUCTION:

Bone defects can result from removal of bone from donor sites,
diseased bone, excision of tumors, pathologic resoprtion of bone,
trauma, and non-unions of comminuted fractures. According to Sevitt
(1981) the healing of experimental lesions parallels the healing of
fractures, The implantation of a porous material can be used as a model
to examine bone healing and bone growth.

Composites of calcium phosphate ceramics, such as tricalcium
phosphate (TCP) and aluminum calcium phosphorus oxide (ALCAP) with
biodegradable organics (such as polyfunctional carboxylic acids, amino
acids and vitamins) and calcium hydroxide have been developed to repair
these lesions (Sevitt, 198l1). Bone resorption and formation occurs in
pockets of normal bone, and according to Hori and Takahashi (1985)
occurs by an "on-off" mechanism. Thus, these events can be quite
difficult to follow in bone. Hence, it follows that bone substitutes
can provide a matrix for investigating bone remodeling.

Ceramics have been made using various combinations of calcium
aluminate and calcium mixed with phosphates (deGroot, 1988 & Hulbert et.
al., 1974). Calcium phosphate ceramics attempt to reproduce the mineral
phase of bone. Throughout implantation in many animals, TCP resorbs
relatively rapidly and is biocompatible, Blocks of TCP have been
implanted in tibia of rats (Bhaskar et. al., 1971) and in the femur,
mandible, iliac crest, ind inferior orbital rim in dogs (Camron et. al.,
1977, Ferraro, 1979, Mors & Kaniski, 1975). In monkeys, chipped or
powdered TCP has been used to repair defects in premolars and molars
{Levin et. al., 1974), in apexification of teeth and in capping of pulp

(Koening, 1974, Heller, 1975). ': P alone has not been reported to cause
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any adverse reactions in animal or human tissue (Metsger et. al., 1982).

This procedure has the ability to validate the on-gowing mechanisms
involved in bone ingrowth and remodeling. It can also explain the data
obtained from on-going and competed studies at BBD on the effects of
prolonged vibration and mechanical stress on remodeling of bone. This
procedure can also be incorporated into a comprehensive technique for
analysis of bone, either as part of biodynamic studies or toxicity

testing.

II. OBJECTIVES OF THE RESEARCH EFFORT:

The primary objective of this investigation was to prepare a
Tricalcium phosphate ceramic (TCP) and polyfunctional acid' (alpha-
ketoglutaric acid or malic acid) composite for further study on bone
ingrowth and remodeling with the use of a synthetic bone substitute
implanted in bone. This fabrication process and characteristic study
would then be used to further enhance a comprehensive analytical
procedure to collect and process bone acquired in biodynamic and
toxicity studies.

A procedure such as this has not been attempted to date. To date,
normal bone samples have been used for histomorphometric analysis, X-ray
analysis, and scanning electron microscopy. This combined approach
would reduce sample size, as well as time and eliminate technical
problems presently encountered at BBD and THT. It would also provide a
more complete description of biomechanical responses which occur in hard
tissues subjected to mechanical or toxicologic stresses. A second
objective of this investigation was to obtain information on blood

samples obtained during a bone remodeling and labelling process.
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I1I MATERIALS AND METHODS

a. Preparation of TCP and ALCAP

The TCP used in this investigation was prepared by an aqueous
precipitation and sulfate catalysis procedure (Bajpai et.al., 198l1).
The theoretical calcium/phosphorus ratio of 1.5 for TCP is involved in
this reaction. Ammoniacal solutions of reagent grade calcium nitrate
and ammonium hydrogen phosphate were reacted in glass vessels. The
sludge was centrifuged and washed three times with one hour intervals.,
The final centrufigation was washed with a 3% ammonium sulfate solution.
The percipitate was dried overnight at 72 C. The dried TCP percipitate
was sintered in alumina crucibles and heated at a rate of approximately
9 C per minute to 1150 C and held for one hour., The dried powder was
then sized to 33 um and less. X-ray diffraction analysis was used to
identify the sintered percipitate derived and to assure the purity of
the finished ground powder. Aluminum oxide, calcium oxide and
phosphorous oxide powders were mixed in a ratio of 58:34:16 by means of
a ball mill roller. The mixture was calcined at 1256 C for 12 hours in
aluminate crucibles. The calcined material was ground and sieved to
obtain particles of 33 um and less. These particles were then sintered
for 36 hours at 1450 C. These were then set with 15% Ca(OH)2 in a 2:1
ratio with malic acid in a syringe to yield a 1.3 cm 0.25 cm shape (see
figure 1).
b. Preparation of composites

Composites for implantation were prepared by mixing 133.3 mg of
either TCP or ALCAP and 30.0 mg calcium hydroxide with 66.7 mg of either
ketoglutaric acid or malic acid. For studying the effects of vitamin-D,
58.0 mg of 1-25 dihydrocholecalciferol (DHCC) was added to both

ketoglutaric and malic acid composites (see figure 2).
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The six TCP composites were placed into 8 mm x 4 mm x 2 mm
flexible rubber molds, and 60 ul deionized water was added to each
composite. These composites were allowed to dry overnight. These forms
were then placed into a 3.3 cm flat width Spectrapor standard dialysis-
tube bags. The dialysis bags were tied with silk suture. These bags
were placed into a 160 ml serum bottle containing 760 ml sterile saline
7.02 buffer. The serum bottles were placed into an oscillating water
bath at 75 cycles per minute and maintained at 37 C. The pH of each
bottle was measured at 1, 24 and 48 hours.

The setting property of each sample was measured in a similar
manner. The TCP composites were placed into a deep welled glass slide,
and 60 ul of deionized water was added to each composite. The hardness
of each sample was measured every 5 minutes for one hour and then at 24
hours.

c. Blood analysis

The on-going investigation entitled "Use of a Porous Implant to
Develop an Optimum Method to Examine Bone Growth/Repair for Biodynamic
and Toxicologic Analysis" supplied this investigator the data on blood
chemistry for statistical analysis. This investigation is similar in
nature to the investigation proposed for TCP composites.

Four monkeys were implanted with two ALCAP ceramic implants,
Surgeries were performed at AAMRL/VS. Blood was removed from the
monkeys four weeks prior to labelling (physical). Then the animals were
labelled involving an alternating series of fluorescein~tetracycline,
xylenol orange and dicarbomethylaminomethyl fluorescein. Blood was then
removed after labelling (baseline). Two weeks after labelling, the

monkeys were implanted with the ceramics. The monkeys were then

73-7




sacrificed one month later and blood was removed for sampling
(sacrifice). Blood was analyzed for the following parameters (ppm);
glucose, BUN, creatine, UA, sodium, potassium, chlorine, carbon dioxide,
P04, calcium, total preoteins, albumin, globulin, alkaline phosphates,
SGOT, SGPT, LDH, bilirubin, white blood cells, red blood cells,
hemoglobin, HCT, MCV, MCH, MCHC, neutrophil, lymphocytes, monocytes,

eosinophols, basophils.

IV RESULTS AND DISCUSSION:

a. Preparation of TCP and ALCAP

The synthesis procedure described has been used by the University
of Dayton. The theoretical yield calculated for this reactiﬁn is 86.3
grams. The actual yield, after sintering, was approximately 68 grams
with major losses attributed to losses in the centrifugation and washing
processes,

X-ray diffraction analysis performed on the first batch of material
indicated that the sintered form was pure beta-calcium orthophosphate
(see figure 3). Based on this result, seven additional precipitation

runs were conducted.

b Composites

Table 1 represents the pH of the different composites over time.
It has been suggested (Bindermann, 1987) that an alkaline environment
promotes bone growth. Addition of vitamin D in the presence of malic
acid or alpha ketoglutaric acid alone lowered the pH to an unacceptable
level, TCP with vitamin D alone maintained an alkaline pH upto 48
hours. On suspension in neutralized saline buffer (pH 7.4) TCP alone

also maintaianed an alkaline pH environment. The data obtained on the pH
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characteristics of the composites suggest that the appropriate
composites for studying bone remodeling should include: TCP with malic
acid and calcium hydroxide, TCP, TCP with the addition of DHCC, and TCP
with the addition of malic acid, calcium hydroxide and DHCC.

Table 2 indicates the setting hardness characteristics of each

composite. It is evident that malic acid or alpha ketoglutaric acid is
required to set TCP. The addition of DHCC did not effect the rate of
setting to hardness, but it did demonstrate the ability to set TCP to
hardness.

However, after prolonged exposure to air, these composites became
brittle and broke upon touch. Morris (1988) has suggested that lysine,
proline, or cysteine set TCP rapidly and the composites remain strong.
¢ Pore size

The scanning electron microscope at the Toxic hazard Division of
W.P.A.F.B. was used to take photographs of the fractured edges of the
composites for determining the pore sizes of the composites. It was
determined that there was no significant difference among pore sizes of
the different set and hardened TCP composites. Figures 4 and 5 show
scanning electron micrographs (SEM) of TCP and ALCAP respectively. A
semiautomatic computerized videoplan was employed to determine area of
each pore in the photograph. The TCP composites had 16 ¥ of their
surface area covered by pores, whereas, only 4 % of the surdace area of

the ALCAP ceramic was covered by pores.

d Blood analysis
Because the protocol was approved at a late date and complications
were encountered with the quarantine of the rats, the study on TCP and

TCP components was postponed. However a similar study implanting ALCAP
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composites in rhesus monkeys was being conducted. Blood obtained from
these monkeys was analyzed to observe the effects of ALCAP implants in
these animals., Since both studies involve implantation and remodeling,
the data obtained in the ALCAP study can be correlated with the rat
study.

The differences among the animals did not have a significant effect
on the blood chemistry parameters. However, differences in the amount
of total bilirubin in the blood collected at the three time periods were
significantly different. They were within the normal range for total
bilirubin in the blood of rhesus monkeys. The level of total bilirubin
in the plasma decreased significantly after labelling. Thus, it appears

that the labelling decreases the degradation of erythrocytes.

V RECOMMENDATIONS:

It is recommended that TCP implantation in rats should be followed
up, possibly under a mini grant. This would enable Air Force personnel
to further enhance an interdiciplinary approach to the analysis of bone
ingrowth and remodeling. This investigation parralels the ongoing study
with BBD and TDH ALCAP implantaion. The techniques employed in both of
these investigations can be used to investigate the effects of prolonged
vibration and mechanical stress on bone in Air Force pilots.

The use of biomaterial implants, instead of autografts, for
repairing traumatized tissues in civilians, as well as Air Force

personnel, will become a routine in the near future.
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FIGURE 1: This photograph shows the procedure to form the cylindrical

molds. The syringe on the left held the wet composite until it set to

hardness.
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FIGURE 2: The powder on the left is the TCP mixture. 133.3 mg of it
was placed in the watch glass on the left and mixed with 66.7 mg of
malic acid and 60 ul of distilled water. The watch glass on the left

shows the hardened composite 24 hours after addition of water.
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FIGURE 3: The X-ray diffraction pattern of TCP. Units are degree/DIV 1.
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TABLE 1: The pH measurements for the TCP composites suspended for two

days in 70 ml neutralized saline (37 C).

TREATMENT 1 Hr 24 Hr 48 Hr

saline 7.02 6.78 6.50
TCP 10.44 7.08 7.22
TCP + ketoglutaric acid 4,02 4,10 4,42
TCP + malic acid 4,24 4,22 4,22
TCP + ketoglutaric acid + CaOH2 11.64 6.65 6.60
TCP + malic acid + CalH2 9.88 19.20 12.13
TCP + ketoglutaric acid + CaCOH2 + DHCC 12.61 4,64 4.67
TCP + malic acid + CaOH2 + DHCC 11.19 6.06 6.14
TCP + DHCC 6.56 14.88 16.88
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TABLE 2: Setting hardness of calcined TCP powder mixtures with 60 ul

of deionized water added. A rating of 1 indicates the composite did not
set. A rating of 5 indicates the composite attained consistency of gum,

while a rating of 1@ indicates the composite attained a consistency of

plaster.
TIME IN MINUTES
TREATMENT 5 18 15 20 25 30 45 60 14440

TCP 1 1 1 1 1 1 1 1 1
TCP +DHCC 2 4 8 19 16 180 19 16 10
TCP + ketoglutaric acid + CaCH2 8 9 19 10 10 10 190 1@ 10
TCP + malic acid + CaOH2 1 3 16 16 19 10 190 19 190
TCP + ketoglutaric acid + CaCH2 + DHCC 2 3 8 190 19 16 10 19 10
TCP + malic acid + CaOH2 + DHCC 1 10 16 19 16 10 190 16 10

73-17




PR, Y

c@aas

FIGURE 4: Scanning electron micrograph of tricalcium phospinate, alpha
ketoglutaric acid, 15% calcium hydroxide, and vitamin D composite after

setting to hardness,
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FIGURE 5: Scanning electron micrograph of ALCAP, malic acid, and 15%

calcium hydroxide composite set to hardness.
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ABSTRACT

An experiment to investigate design factors and performance
factors involved in the development of helmet-mounted displays and
the ability of humans to locate objects in virtual space yielded three
major findings. (1) The number of targets displayed (3, 6, or 9)
played a significant role in the subjects’ ability to to remember
target locations, with subjects decreasing in accuracy as the
number of targets increased. (2) Properties of initial location of
targets in virtual space (e.g. elevation) explained a significant
proportion of target replacement error. (3) The size of the helmet-
mounted display field-of-view affected subjects’ ability to search
for and find targets.
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. INTRODUCTION

As ccmputer and optical technologies have grown, numerous
applications of these technologies have been proposed for use in
present and future aircraft. The benefits of systems employing
newly developed hardware and software are often viewed as being
obvious aids to the pilot. They can detect what the human eye
cannot, make computations and decisions faster than the human
brain, and provide numerous types of information that have never
before been available. However, increasing the amount and types of
information on display systems can overwhelm a pilot or, in some
cases, important information may be displayed in a less than
optimal manner. As new ways are developed to take advantage of
the ever growing technological world, serious considerations must
be taken to assure that the advanced systems are providing advanced
information that is useful and usable to the pilot without having
deleterious effect on his performance.

One of the next steps for instrumentation displays in aircraft is
to develop helmet mounted displays (HMD's) that afford pilots the
types of information (e.g. heading, airspeed, attitude, computer
sights, etc.) that heads-up displays (HUD's) do , but at all times, not
merely when the pilot is looking straight ahead. Such HMD's will
employ advanced computer and optical technologies to provide pilots
with vital information while flying. That information would
presumably include variations of HUD-type displays, but may also
include new means of displaying information in more meaningful,
more efficient ways (e.g. better symbology). HMD's also provide the
means to display other types of information that are not currently
possible on conventional displays (e.g. virtual 3 dimensional displays
corresponding to the 3 dimensional world the pilot operates in).

The development of HMD’'s depends not only on the available

technology, but on empirically determining the optimal means of
applying the technologies. Use of advanced systems can afford one

74-4




myriads of types and forms of information, but again, it must be
empirically determined which types of information are most
valuable and what form the information will take so its
communicative value will be optimized. To make such empirica!
determinations, numerous experiments must be performed to
investigate not only the systems themselves, but the human factors
that influence and effect the use (or misuse) of the systems (i.e. the
design of such systems must be consistent with the human
operator’'s ability to gather, interpret and use the information that
the systems provide, as well as their ability to take full advantage
of the systems. The operator must also be able to easily understand
and operate them with a minimal amount of cognitive effort).

The areas of emphasis in my graduate studies have, in general,
been cognitive psychology and information processing. My research
interests have been focused on the encoding of spatial information.
These areas were heavily drawn upon in this summer's research
effort. In addition to the above, the research also demanded
integrating aspects of human sensation and perception.

II. OBJECTIVES OF THE RESEARCH EFFORT

The objective of this summer's research was to investigate
human factors involved in the development and use of new visual
display systems ( particularly HMD's) for future aircraft The
Visually Coupled Airborne Systems Simulator (VCASS) at the
Armstrong Aerospace Medical Research Laboratory (AAMRL) has been
used in the investigation of human factors for such display systems.
VCASS was the primary tool employed in this summer's research.
Upon my arrival at AAMRL, a number of on-going experiinents using
the VCASS system had been looking into various aspects of HMD's
and human performance using said devices. My efforts were directed
toward the evaluation of these experiments as well as to the design
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of subsequent experiments to further clarify previous results.

Initial variables to be manipulated include field-of-view (FOV)
(i.e. the size of display window in the HMD that provides enhanced
information), the cognitive load on the subject (i.e. the number of
targets they were required to find and remember), and the physical
location attributes of targets (i.e. the contribution of initial target
elevation and azimuth to target replacement error). A number of
dependent measures were taken on the subjects’ performance. They
included total search time, average search time per target, total
replacement time, average replacement time per target, and average
replacement error.

One study was completed during my ten week stay, and three
others were planned and in the development process. This report
will detail the procedure and resuits of the one completed study.
The results of it and the subsequent studies should lead to a better
understanding of the constraining factors that must be accounted for
in the final design and development of workable visual display
systems and HMD's of the future.

. METHOD

Subjects

Subjects were paid volunteers obtained from an AAMRL subject
pool that is maintained by Systems Research Laboratories under
U.S.A.F. contract. A!l subjects were right handed, male subjects
with 20/30 visual acuity or better, ranging in age from 18 to 30. A
total of 12 subjects began the experiment, however, 2 were dropped
following the first session. One was dropped when he failed to
return for the data collection session that followed the practice
session, and the other because he was unable to return for the data
collection session within a reasonable time.

Stimuli and A |

This experiment was performed using the Visually-Coupled
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Airborne Systems Simulator (VCASS) at the Armstrong Aerospace
Medical Research Laboratory. The display used consisted of two
helmet-mounted CRT displays with a combined maximal field-of-
view of 120 deg azimuth and 80 deg elevation with 40 deg binocular
overlap. The position of the helmet was measured and updated at 20
Hz. Readings were taken on all 6 axes (3 rotational and 3
translational) with an electromagnetic helmet position tracker. The
helmet position information was used to present space-stabilized
images on the displays.

While in the helmet, the subjects viewed a computer-generated
stroke-drawn world of 4 pi steradian at optical infinity. The entire
scene was updated at 20 Hz. Subjects sat in a simulated generic
fighter aircraft cockpit with a centrally located control stick.

Head-stabilized viewing windows (henceforth referred to as the
fields-of-view or FOV's) were constantly maintained at the center
of the helmet's combined display (i.e. information from the head
tracker updated the position and moved the FOV with the head). The
FOV for each trial measured 20x20, 30x30, 45x42.5, 60x50, or
90x60 (degrees azimuth x degrees elevation). At the center of the
FOV was a constantly visible reticle cross (approximately 3.4 deg
high and wide). The FOV's were used to locate targets. In order for a
target to be seen it had to be inside the FOV., Terrain could be seen
anywhere within the overall 120 deg by 80 deg display regardless of
whether it was inside or outside the FOV. The terrain scene was
composed of recognizable landmarks. The scene had a horizon at
zero deg elevation and subtended 360 deg in azimuth.

Targets were small squares approximately 2.2 deg high and wide
with numbers within their perimeter. They were presented at
stationary positions in a gaming area that extended 120 deg left and
right as well as 90 deg upward from straight ahead. The gaming
area was sectioned off into 9 bands equidistant from straight ahead.
The bands can be described as concentric circles of increasing size
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radiating outward on the inside of the virtual sphere with their
centers located straight ahead. In a given trial, subjects were
presented with 3, 6, or 9 targets located in the 9 bands.

Target positions were determined pseudo-randomly to ensure
equal dispersion throughout the gaming area. In a three target
condition targets were located in bands 1,4, and 9. In a six target
condition they were in bands 1, 3, 4, 6, 7, and 9. All nine bands were
sampled in the nine target condition. There was an additional
stipulation that all targets had to be separated by at least 10 deg.

In order to somewhat equate the difficulty of target patterns
over subjects, 15 target patterns were generated (1 for each target
density/FOV combination). Each subject received the same patterns
in the same conditions. The numbering of the targets was achieved
by assigning consecutive numbers to the targets based on azimuth.
Each target density/FOV combination was viewed twice by all
subjects (once labelled in a right-to-left manner and a second time
labelled left-to-right). The actual order of presentation of patterns
was randomized for each subject.

Procedure

On the first day (practice session), subjects read instructions
detailing the experiment. The experimenter then placed the subject
in the cockpit and further described the task. The subject was
informed about how the helmet would project a virtual space. A
transparent half-sphere was used to show how far the around the
virtual space extended and where targets would be in it in relation
to the subject. The sphere was also used to demonstrate how the
targets would be numbered.

The FOV's and reticle were described and subjects were
informed that these images would move with them and remain
directly in front of the helmet at all times. Subjects were advised
to move freely in the cockpit and to use any strategy they found
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useful (short of using cues from outside the helmet) to find and
remember the target locations. The subject would then be shown the
switches they would be using on the control stick and how to use
them.

The helmet was then placed on the subjects head, boresighted,
and checked for optical clarity. Subjects were advised of the
sensitivity of the optics and then instructed on guessing procedures.
They were encouraged to set a high criterion for what they labelled
as a guess.

Subjects received 20 training trials during the practice session.
The first 15 trials were a step through procedure in which the
subject received each target density (3, 6, then 9) for each FOV size
(90,60,45,30, then 20). in the last S practice trials, the five
different FOV's were presented in random order, each with 6 targets.
At the beginning of the practice trials, the experimenter “walked the
subject through” the first few trials until the subject reported
feeling comfortable with the procedure.

During the experimental session on day two the subjects
completed 33 trials. The first three were warm-up trials designed
to re—-acquaint the subject with the procedure. The warm-up trials
were followed by two blocks of 15 trials. Each block contained all
fifteen possible combinations of target densities and FOV's and were
presented in random order. In addition, if a trial occurred in the
first block that was labeled left-to-right, its corresponding trial in
the second block was 'abeled right~to-left.

Design

A 2 X 2 repeated measures design was employed in this study.
The manipulated variables were target density (3, 6, or 9 targets),
anu FOV size (20,30,45,60,90 degrees).

74-9




V. RESULTS

Two-way repeated measures ANOVA's where performed on the
data for each of five primary dependent measures, total search time,
average search time per target, average replacement time per
target, total replacement time, and average replacement error. Chi
squared tests were run to determine whether the frequency of
guessing was differentially effected by the major independent
variables (FOV and target density). ANOVA's were also performed on
the data from each target density condition to determine the effect
of serial position. In addition, a regression analysis was performed
on the data to determine the significance of target azimuth and
elevation as predictor variables for replacement error.

Total Search Time

The total search time a subject used in each of the FOV by
target density conditions was taken to be the average of the search
times for the two trials in each condition. The results of the ANOVA
indicated a large main effect for FOV F(4,36)=26.94, p<.0001. With
smaller FOV's subjects presumably had more difficulty finding and
rehearsing the target patterns. Not surprisingly, the results also
indicated a profound main effect for target density F(2,18)=100.13,
p<.0001. When the number of targets increased, the search times
increased. A significant FOV by density interaction was also
present F(8,72)=7.97, p<.0001,

Average Search Time per Targe.

By simple virtue of the fact that it takes longer of search for
and rehearse the locatiuns of 9 targets than it does for 3 or 6, it can
well be argued that total search time is an obvious difference that
should be expected between the three target densities. It was for
this reason that we also looked at average search time per target,
thereby adjusting, or accounting, for the different number of targets
viewed. Therefore, the search times for each trial were divided by
the number of targets searched for. In doing so, it allowed us to
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examine the effect of the variables on the amount of time subjects
devoted (on the average) to learn each target. It was found that even
after giving a subject a score based solely on a per target basis,
that the main effects and the interaction were significant. For FOV
F(4,36)=20.29, p<.0001, for target density F(2,18)=4.79, p<.025, and
F(8.72)=6.46, p<.0001 for the interaction (see figures 1 and 2).

Total Rep; LT
Unlike total search time, replacement time was not effected by
FOV F(4,36)=0.78, p>.50. However, as one wouid expect, it was
effected by target density F(2,18)=109.92, p<.0001. It took longer
for subjects to replace 9 targets, less for 6, and even less for 3.
Here too, there was a significant interaction F(8,72)=2.31, p<.05.

Replacement Time per Target

As with the problem identified above with total search time,
totai replacement time is also problematic when viewed in the
context of its absolute value. Here again, times were divided by the
number of targets to obtain a measure that indicates how quickly (on
average) each target was replaced. This measure may indicate the
care and thought the subjects invested in each target replacement.
On a per target basis, there were no significant main effects, and
the interaction was just shy of significant F(4,36)=1.90,
F(2,18)=2.33, and F(8,72)=2.03 for FOV, target density and the
interaction, respectively (see figures 1 and 2).

Replacement Error

Mean replacement error was obtained by averaging error scores
for each of the two trials in each condition. While there was no
effect for FOV F(4,36)=0.83, p>.5, there was a large main effect for
target density F(2,18)=46.88, p<.0001. With more targets, subjects
made larger errors at replacement time. There was also a
significant interaction between the variables F(8,72)=2.79, p<.01
(see figure 3).
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Ereqguency of Guessing

A chi squared analysis was run on each target density conditiens
for each of the major independent variables (FOV and target density)
as well as for serial position. In order to run a chi squared test
based on the initial azimuths and elevations, target azimuth and
elevation were broken into discrete categories spanning 30 deg of
absolute displacement from straight aliead. There were no
significant differences on any variable.

Variabl

By labelling targets and requiring subjects to replace a specific
target in a specific position, it was possible to do one-to-one
match—-ups between initial target locations and the subsequent
replacement positions rather than using the least error method that
was employed in previous experiments (Wells, Venturino, & Osgood,
in press). In addition, the one-to-one correspondence afforded the
opportunity of examining the effects of individual target location
properties (specifically azimuth, elevation, and serial position) on
individual replacement errors. Use of the least error method had not
afforded this option in a clean manner as it made assumptions about
the replacement positions and minimized error without regarding
the subject’'s intended performance.

Serial Positi

ANOVA’'s were performed for each density condition to examine
the effect of serial position on replacement error. Although there
was no effect for serial position in the three target condition, there
was an effect in the six and nine target conditions. In the six target
condition, F(5,45)=3.21, p<.025. Further analysis revealed that
position S yielded significantly higher error scores lhan position 1,
In the nine target condition, F(8,72)=9.96, p<.0001. Position 8
yielded more error than positions 1, 4, 5, 6, and 9, error in position
7 was greater than in positions 1, 4, 5, and 6, position 3 had more
error than position 5, and position 2 was aiso associated with more
error than position 5 (see figure 3).
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As can be seen in figure 3, the graph of error versus position
looks very little like one would expect when looking for serial
position effects. Further investigation revealed that an unforeseen
confound had occurred between the band in the gaming area where
the target was drawn from and the number a target was labelled
with. Particularly in the nine target condition, the number S target
had always been in band five (i.e. it had always been located straight
ahead with very little variation in positioning).

A\ zimutt | Elevati

The overall correlation, across all conditions, between initial
target elevation and replacement error was .0915, p,.0001,
Individual regression analyses performed on each target density
condition produced R-squared values of .1576, .0460, and .0533 for
the 3, 6, and 9 target conditions, respectively. All were significant
at p<.0001. Azimuth only made a significant contribution to the
regression equation in the 9 target condition.

The outcome of this study replicates findings of past studies
(e.g. Wells, Venturino, & Osgood, in press). It was found the the size
of the HMD field-of-view affected performance aspects of human
subjects differentially. While the size of the FOV had a large
significant effect on the subjects’ ability to find and rehearse
target locations, it did not affect their ability to replace a target
once learned. Evidently, when the FOV is providing unique
information that is only available when properly positioned, the
smaller FOV's contribute to large decrements in performance.
However, once the subject has obtained the information provided by
the FOV, he can perform equally well whether that information was
obtained with a large FOV or a small one.

On the ocher hand, the number of targets appears to affect the
subjects’ performance pretty much across the board. The greater the
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number of targets, the poorer the performance. In addition, this
variable has significant interactions with FOV size making it more
difficult (considering the afore mentioned trade-offs) to determine
an optimal FOV size that will maximize the ability of the user to
perform well under all conditions.

Additionally, it was found that human subjects tend to perform
less well with variations in target elevation than with variation in
azimuth. Specifically, targets with high elevations tended to have
much more error associated with them than low elevation targets.
Although this finding is currently in the process of being replicated,
it would seem that this may be a possible area to focus on in the
development of HMD's. If operating with elevations is indeed a
problem for humans, perhaps displays can be developed to help
overcome this "handicap.”

V. RECOMMENDATIONS

The potential benefits of employing computer and optical
technologies within the cockpit are emormous. HMD's have the
ability to display 3 dimensional images thereby opening a whole new
world of possible information displays. HMD's can have other
systems slaved to their movement for better (more versatile) use
(e.qg. slaving radar, guns, missiles, etc. so they are operative in
whatever direction the pilot is looking). With the enormous amount
of information that pilots must handle in everyday (let alone
combat) situations, it is vitally important to continue the
development of systems that enhance pilots’ abilities, not restrict
them.

This experiment, and the subsequent ones to follow, merely
scratch the surface investigating aspects of HMD's. In order to
unlock the full potential of such display devices, much further
research must be done. Additionally, the communication of the
availablity and potential of these technologies should spawn even
more new and innovative applications of these displays.
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NEPHROTOXICITY OF 2,5-DMH IN FISCHER 344 RATS

by

Jacqueline Roberts

ABSTRACT

2,5-Dimethylhexane (2,5-DMH) was studied as a potential carcinogen
in Fischer 344 rats. This was carried out using rats dosed with 2,5-DMH
and collecting the urine after a 48 hour period. Analysis via gas
chromatograph and gas chromatograph/mass spectrometer produced two un-
identified peaks which were established as metabolites produced by these
rats. These metabolites were identified by comparison of purchased and
synthesized chemicals. With the knowledge of these identified metabolites
it was then hoped to determine if structures of these metabolites induced

the nephrotoxicity found in these animals.
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