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Foreword

Development of field portable psychological and physiological
performance measurement systems is a core part of the applied
research mission of the Biomedical Applications Research (BAR)
Division at the U.S. Army Aeromedical Research Laboratory
(USAARL). As a part of that program, the work reported here was
conducted under a Small Business Innovative Research Program
(SBIR) contract with Paravant Computer Systems, Inc., Contract
No. DAMDI7-85-C-5032 under sponsorship by the U.S. Army Medical
Research and Development Command at Fort Detrick, Frederick,
Maryland. Technical monitoring was accomplished by Mr. R'- nald
R. Simmons and Dr. John A. Caldwell of the U.S. Army Aeromedical
Research Laboratory at Fort Rucker, Alabama. Mr. Craig Young,
President of Paravant, was the principal researcher and engineer
responsible for the conduct of the work and completion of the
project.
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Introduction

As the U.S. Army is expected to operate efficiently under
a wide variety of conditions, any problem that degrades soldier
performance must be identified and corrected. Soldiers often
are exposed to adverse weather conditions, prolonged work
schedules, and inadequate sleep or rest. Sometimes soldiers
are required to wear restrictive clothing (chemical protective
gear) which poses physiological hazards from such factors as
heat stress, and they may one day be required to complete their
operational tasks under exposure to some pharmacological
stressor (chemical antidotes for instance). All of these
factors add to the sheer stress of battlefield conditions.

While the Army can't alleviate the stress produced by
actual combat situations, it can develop a means for reducing
the impact of many operational factors. However, establishment
of countermeasures for any of the aforementioned problems
requires a careful study of the precise nature of any degrading
factor. In other words, it is possible for any stressor to
degrade performance in a variety of ways, and the exact effect
of any given stressor must be determined before a suitable
correction or countermeasure can be proposed.

For instance, research on the effects of the chemical
defense antidote atropine sulfate, administered in doctrinal
doses, indicated soldier performance decrements will occur
under the influence of the drug. Through the use of a variety
of tests, it was determined that some causes of these decre-
ments were simple visual input problems while others stemmed
from varying combinations of changes in processing speed and
accuracy. On several tests there was a general slowing of
performance which lasted all day, but accuracy was often
impaired only during the testing period closest to drug admin-
istration.

These results have a great deal of operational relevance
because they suggest to commanders that soldiers are not
completely incapacitated or dangerous to the point of being
totally ineffective after atropine administration. However,
they are compromised in some ways and at some points in time,
and commanders must consider this information when assigning
jobs to personnel if they expect to preserve unit efficiency
and safety while the mission is being accomplished.

During times of military conflict, often there is no
question about whether conduct of the mission must continue.
Rather, the issue becomes how long it will take and how much it
will cost in terms of equipment and personnel. Thus, in so far
as the Army is able to predict the problems over which it may
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exert control, and in so far as we are able to gain
understanding over the exact impact of these problems,
procedures can be developed which will maximize operational
success in spite of known constraints.

For many years, the Department of Defense (DoD) has
sponsored research designed to address these issues. Much of
the work centers on major tactical and logistical concerns
through large-scale field studies and training exercises
designed to maximize the efficiency of troop deployment,
equipment/supply distribution, personnel management, activity
scheduling, and leadership. All of these factors are under
constant evaluation, testing, and refinement so that our
military effectiveness may be preserved. However, with the
growing recognition of the importance of individual motivation,
well being, and mental alertness, military strategists have
begun to concern themselves with understanding and enhancing
the status of individual soldiers. For this reason, the number
of studies examining the effects of environmental,
pharmacological, and work-related stressors on cognition,
psychomotor skill, and motivation have increased.

To date, there have been numerous field studies on the
effects of operationally relevant factors on soldier
performance, and most of these are clearly related to
understanding problems which will likely occur in a field
environment. Before the advent of widespread computer
technology, most assessments were done with paper and pencil
tests, subjective field-test ratings of umpires, and specialist
ratings diid video filming. But in recent times, many of the
direct assessments of performance have become microcomputer
based. The prevailing level of computerization has had the
benefits of greatly enhancing testing accuracy and
standardization, efficient data storage and retrieval, and
timely analysis. However, until recently much of this
computerized testing has been limited to either a laboratory-
simulation setting or an artificial type of field testing
station because desktop and laptop computers are unable to
withstand the temperature extremes, the dirt, the rain and mud,
or the equipment abuse (e.g., vibration, bumps, and bounces)
that tends to occur in field settings.

Both laboratory or field-test stations allow researchers
to take advantage of the accuracy and simplicity afforded by
new computer technology, while avoiding the most obvious
pitfalls of field testing (hardware abuse). However, they
frequently have the unwanted effect of reducing the degree to
which research findings can be generalized to an actual
operational environment. Clearly, there was need for a device



which could provide all of the positive aspects of computerized
field testing without the limitations incurred by lack of
ruggedization.

Objective

During fiscal year 1984, the U.S. Army Medical Research
and Development Command (USAMRDC) sought to overcome the
limiting factors of computerized field testing by preparing a
solicitation to appear in the Defense Small Business Innovative
Research Program (SBIR) catalog. The SBIR program encourages
small businesses, possessing science and engineering
capabilities to prepare innovative solutions to defense-related
scientific problems, to submit proposals addressing issues
relevant to various DOD components. God proposals allow the
company to receive research and development money.

The solicitation prepared by the Medical Research and
Development Command was entitled "Miniature performance
assessment battery," and it pointed out the problems with field
study assessment of changes in soldier mood and cognition using
currently available microcomputer technology. It also stated
that there was a requirement for the construction of several
small, portable testing devices which could be used with the
presently available computer systems to conduct field research.

A small Florida-based company, Paravant Computer Systems,
Inc., responded to the SBIR solicitation with a multifaceted
proposal. Specifically, Paravant proposed to: 1) thoroughly
analyze the existing performance assessment battery (PAB)
developed by personnel at the Walter Reed Army Institute for
Research (WRAIR) (Thorne et al., 1985); 2) document the
existing system so it could be transported to a portable
computer for use in the field; 3) work with personnel at the
U.S. Army Aeromediral P-search Laboratory (USAARL) to establish
the exact requirements for a field operating computerized PAB;
4) study the available hand-held computers to determine
applicability to a field PAB; 5) transport some or all of the
existing (Apple-based) PAB software to a hand-held computer for
trial evaluation; 6) work with USAARL personnel to determine
the present and future requirements for a portable PAB system;
and 7) propose the development of a PAB system which would meet
or exceed the identified requirements.

Each of these components was fully addressed by Paravant
in a proposal which demonstrated its ability to offer an
innovative solution to an existing research problem.
Paravant's response to the solicitation was favorably
evaluated, which set Phase I in motion.



Phase I methodology

During the initial site visit for the Phase I effort,
Paravant was familiarized with the Apple computer-based PAB
obtained from WRAIR and in use at USAARL. A copy of the
software was supplied to the Paravant principal investigator
for review and evaluation so a thorough understanding of the
system could be gained. Also, Paravant assessed the degree to
which the currently available PAB (then operating on a standard
Apple computer) met the needs of field research with regard to
data handling and general user friendliness and workability.
This evaluation revealed the current system could not permit a
multiuser set up where multiple subjects could share the same
computer; and it was not usable in an untethered field
environment. Also, the systems did not allow easy tailoring of
performance test batteries dependent upon subjects and/or
research demands, nor did it permit a straightforward way to
include new tests which might be required from time to time.
Finally, the keyboard associated with the PAB needed
improvement to make the testing environment more user friendly.

All of the above shortcomings of the Apple-based PAB were
documented, and preparations were made to reprogram the system
so it could be enhanced and subsequently transferred to a
prototype field system. In addition, Paravant worked closely
with USAARL personnel to ensure a solid understanding of what
the future needs for a field testing system were so that any
prototype system would include the desired newer features. All
of this information formed the basis for Paravant's proposal
for the development of a field portable cognitive assessment
device.

Since the major requirement for a field testing device
involved the ability to transport computerized tests away from
the laboratory or similar settings, Paravant next surveyed the
currently available portable computer systems. One criterion
for selecting a system which would be suitable for field
testing purposes was the capability to use the system without
requiring the subject to be seated (or requiring him/her to
find some place to set the testing device). Thus, an attempt
was made to locate portable computers which were smaller than
the standard lap-tops so tests could be taken while standing
by holding the device in one hand while entering the answers to
test items with the other hand. Other selection criteria
focused on factors such as keyboard and display
characteristics, networking capabilities, and ruggedization.

A search of existing portable computers showed no single
device capable of meeting all of the requirements outlined.
Therefore, it was decided an interim unit would be used for
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software development and human factors testing. The interim
unit would meet all of the requirements except ruggedization,
and therefore could be used in limited field testing.

The interim unit selected was an Epson HX-40 "notebook"
computer (Figure 1) because of its light weight, compact size,
battery life, display, and ease of programming. In addition,
the HX-40 was the only computer that provided a removable
keyboard panel that allowed custom keyboard configurations to
be installed. The custom keyboards proved very important
during the human factors design of the portable PAB unit.

After selecting the computer, the PAB subtests that were
part of the Apple-based system were implemented. This effort
demonstrated the feasibility of developing a field-portable
version of the PAB which was enhanced by the provision of using
test-specific keyboard configurations. Also, this portion of
the SBIR permitted in-depth problem evaluation, and the
opportunity to identify needed system enhancements.

Figure 1. Epson HX-40 with QWERTY and PAB keyboard.
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Phase I results

The feasibility demonstration with the Epson HX-40s showed
a workable field portable testing system was attainable. The
transfer of software from desktop to hand-held computer went
smoothly despite hardware differences. Networking and
individual monitoring cppacities were demonstrated
satisfactorily as well. However, many other desirable features
for a comprehensive field testing system were deemed difficult
or impossible to implement on currently available portable
computer technology.

The need for testing subjects in day as well as night
operations introduced a constraint that the PAB system should
be workable in low lighting or in total darkness. The
requirement for a wide variety of individual performance test
batteries prompted Paravant also to suggest the implementation
of custom keyboards tailored to specific testing demands.
There was also an identified need for high density, nonvolatile
data storage devices for gathering, removal, and transportation
of collected data. The requirement for presentation of graphic
displays suggested the need for high resolution screens.
Furthermore, the need to provide physiological monitoring (and
perhaps future psychophysiological assessments) in a field
environment presented the requirement for analog-to-digital
conversion at moderate to high sampling rates. Finally,
Paravant noted the importance of implementing all of these
capabilities on a computer which was hardened to a high degree
of ruggedization because of the abuse often encountered by
field equipment.

Based upon all these requirements and the absence of any
available computer system to meet them, Paravant requested
funding to define, specify, design, and develop a PAB computer
system to meet the ne ds of Army research. In the interim,
Paravant refined the Epson-based system so USAARL personnel
could further study the demands and payoffs of cognitive
testing in a field environment.

Phase II methodology

After reviewing the results of the Phase I effort and the
results of field testing the HX-40, the next step was to
"ruggedize" the HX-40 or find an equivalent machine to the HX-
40 that was ruggedized already. Ruggedizing the HX-40 was
quickly determined to be too costly an option and was
eliminated. A search of rugged computers showed manufacturers
were not headed in this direction due to the low demand for
such machines. Therefore, Paravant proposed the
development : a new hand-held computer which would exceed the



functional performance of the HX-40 and meet all of the
ruggedization requirements. The system was not intended to be
a portable version of existing desktop computers, but was
designed to fulfill functions of field testing and a variety of
commercial applications where full-screen, full-keyboard
capabilities were not required.

The initial proposal

The proposal specified that Paravant would build a hand-
held computer, smaller than a regular notebook, that weighed
less than eight pounds. The structure of this computer would
be of a highly rugged nature which would permit the continued
use of the system under hostile environmental conditions.
Thus, the computer would be able to function in poor weather or
in the presence of high levels of dirt, dust, or mud. The case
would allow the unit to withstand reasonable levels of shock
and vibration. Peripheral interfaces would be arranged in a
manner prohibiting incorrect connections. The display screen
would be a liquid crystal display (LCD) approximately half the
size of the entire computer.

The power requirements would be flexible enough to permit
operation under a variety of circumstances. It was proposed
the computer could be operated with a standard 115v AC adapter,
or with either NiCad or alkaline batteries. The targeted
battery life would allow 16 hours of continuous operation, and
the internal memory system would be nonvolatile for at least 30
days from the time at which a low battery warning was
displayed. Battery packs would be removable in the field
environment without destroying the contents of memory while
another pack was inserted.

The display requirements dictated a highly reflective LCD
for use in direct sun with a backlight for use in low ambient
light conditions. The display wculd have a minimum of 8 lines
by 40 columns with pixel addressing for graphics use. The
display would have to work over a wide temperature range with
no significant degradation either temporary or permanent. The
most important selection criteria for the display would be high
contrast for ease of viewing.

The keyboard specifications required a very durable,
rugged design with high-tactile response, interkey spacing that
would allow use with chemical defense gloves and the capability
to easily develop custom variations as dictated by human
factors research. The custom variations included spacing,
orientation, colors, and legends besides the number of keys.
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The microprocessor selected would have to support a micro
soft-disk operating system (MS-DOS) and emulate a standard
desktop International Business Machine-personal computer (IBM-
PC) as closely as possible. The processor would have to
demonstrate a minimum level of processing speed to support the
testing requirements.

The memory design of the new computer would have to meet
several requirements. First, the memory architecture should
emulate that of a desktop IBM-PC. Second, the memory must be
of sufficient size to store the application program and the
results of several days of testing. Third, and most important,
the memory must remain intact even when the main batteries of
the computer were completely discharged.

The computer would provide for a wide array of both
internal and external interfaces. This would permit connection
to analog-to-digital converters, telemetry systems, radios,
modems, and external storage media. Also, the units would
possess standard clock capabilities (date and time) as well as
programmable interval timing with a resolution of 1 micro-
second.

The operating system was proposed to be MS-DOS from
MicroSoft Inc. since it was a well-proven operating system with
all of the capabilities necessary for efficient computer
operation. Also, the use of such a "standard" operating system
would allow users to take advantage of a wide array of existing
support tools for program development. Of course, this would
mean users would not be required to return their computer to
the factory every time a new application was specified since
local programmers could handle the necessary programming
changes.

Project structure

The actual development phase was split into several small
scale tasks and a GANTT chart was specified for tracking
purposes. This facilitated the logical progression from
development to production. Some of the tasks were conducted
concurrently with other tasks, while others required completion
in a sequential fashion.

The first task was to write exact functional
specifications for the field portable assessment system based
on all of the requirements defined. This was accomplished by
Paravant working very closely with designated USAARL personnel.
After the functional specifications were determined, Paravant
related the user and system functions to the applicable
hardware and software structures. During this entire process,
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such items as the functional capabilities, hardware/software
capabilities, man-machine interface, hardware-software
interface, performance requirements, and mechanical features of
the system were delimited.

Once the functional specifications were written, the
overall structure of the software system was designed to meet
the detailed requirements. At this point, the operating system
was specified as well as the precise nature of hardware/
software interfaces and any support drivers necessary for the
implementation of application software. Additionally, the
structures of various application packages were defined.

Hardware architecture was likewise delimited based upon
the requirements set forth in the functional specifications.
The system processor was chosen and support processors needed
for graphic and arithmetic functions were outlined as well. In
October 1986, Paravant held a critical design review in which
the overall design of the field portable performance assessment
system was presented to USAARL personnel. At this time, all of
the capabilities of the performance assessment system, as well
as the total capabilities of the general system, were
presented. Small changes were made to the system design, but
basically, the system was approved clearing the way for
development work to begin.

Prior to beginning the actual hardware design, three
studies were undertaken to locate the best possible choice
concerning 1) display technology, 2) battery technology, and
3) memory technology. These studies ensured a comprehensive
survey of the available technology examined in view of USAARL
requirements.

The type of desired display was one that was small,
rugged, capable of both graphics and text display, readable
under any lighting conditions, and operable on low voltage.
Several types of displays were considered for meeting these
constraints. Light emitting diode displays were examined, but
eliminated because of poor graphics resolution and high power
consumption. Vacuum fluorescent displays offered a number of
desirable features, but they also did not offer high graphics
resolution, and they weren't easily readable in bright
sunlight. Gas discharge, or plasma, displays were eliminated
because of excessive power consumption. Liquid crystal
displays ultimately were chosen because of their size,
flexibility, resistance to environmental damage, and especially
their extremely low power consumption. The problem of
operating in low lighting conditions was solved by backlighting
the LCD with an electroluminescent panel.
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A variety of battery types was considered to find one
which was low cost, standard size, lightweight, and high
energy. The computer design required battery voltage between
5.5 and 7.5 volts at a current draw of between 100 microamps
(unit off) to about 400 milliamps (unit running full speed with
display panel backlight on). Also, the selected batteries were
required to be operable under temperatures ranging from -20 to
+65 degrees Centigrade. Battery life was targeted to range
from about 12 to 20 hours. Both nonrechargeable and
rechargeable batteries were considered. In the nonrechargeable
category, manganese alkaline (standard batteries), carbon zinc,
and polycarbonmonofloride lithium batteries were examined.
Ultimately, the manganese alkaline batteries were chosen
because of low cost, wide availability, long life, and adequate
operating temperature range. In the rechargeable category,
both lead-acid and nickel-cadmium batteries were considered,
but the nickel-cadmium batteries finally were selected. These
batteries provide reasonable energy density, are easy to
obtain, are low cost, and operate over a wide temperature
range.

An evaluation of current and future memory technology was
conducted. Given the requirements detailed earlier, both
static complementary metal oxide semiconduction (CMOS) random
access memory (RAM), and dynamic random access memory (DRAM)
technologies were selected. DRAM was chosen for the 512K
program execution memory because of its low cost and small
package size. This memory consumed more power than the SRAM
but because the duty cycle of the machine showed storage time
(unit not executing a program) was much greater than
operational time, the overall power consumption was not
significant.

The SRAM memory was selected due to its very low power
consumption. Because SRAM would be used for both 512K data
storage and 1024K data storage, the lower power consumption
more than offset the higher price and physically larger
packaging size over the DRAM. Paravant pointed out dynamic
memory is dense and relatively inexpensive, but it requires
some overqead for proper operation. Static memory is much more
expensive and requires more board space, but it's easier to
interface with other internal components. Of the available
devices, complementary metal oxide semiconductor (CMOS)
fabrications were most desirable because of extremely low power
consumption. As for packaging, both static and dynamic memory
devices came in a variety of packages, but the J-leaded surface
mount technology was most attractive for internal placement
because of small space requirements. For the external,
nonvolatile memory type, erasable programmable read-only memory
(EPROM) chips were chosen.
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The results of these three technology surveys and the
effects of Paravant's findings on the proposed characteristics
of the performance assessment system were presented to USAARL
for informational and feedback purposes prior to the initiation
of the final design stage. This meeting was held in January
1987, after which the design and prototype phase was initiated.

After this intermediate design review, the detailed design
of the central processing unit (CPU), radio frequency (RF)
board, power supply, and mechanical packaging was undertaken,
breadboarded, laid out, tested, prototyped, and documented.
Paravant began the CPU design task while taking into account
the identified requirements of functionality, overall hardware
architecture, power system, memory technology, screen (display)
type, and operating system. The power supply design task took
advantage of all of the knowledge gained from the first
prototype system as well as the results of the technology
reviews mentioned. Finally, the mechanical packaging was
subcontracted to a company with experience in both mechanical
design and packaging so that an enclosure with the necessary
durability, reliability, and cost could be constructed.

Concurrently with all of the hardware development, the
software design and development took place. First, the
operating system (MS-DOS 3.2) was purchased. This particular
operating system was chosen because: 1) it was felt that a
commercially available system would offer much more flexibility
than a custom-designed operating system, and 2) there was a
fairly large amount of commercially available software which
would run under this operating system. For instance, a user of
the field portable assessment system would not be required to
contract with Paravant or other specialized personnel each time
a new application was considered since MS-DOS is familiar to
most programmers and since a variety of programming
(development) tools already are available for use under MS-DOS.

The selection of the operating system and definition of
both the hardware and software environment permitted the
completion of high level design for 1) the screen handlers,
2) the data transfer routines, 3) the analog-to-digital
handlers, 4) the storage device handlers, and 5) the various
components of the performance assessment system (test, report,
analysis, data mover, and network interface). Also, the low-
level, general use handlers (like print, copy, format, and
directory commands) were designed as basic input output system
(BIOS) routines on the EPROMs mentioned earlier. Finally, the
complete performance assessment system was designed to be the
first piece of application software. After a review of each of
these design components was held, the routines were all coded
and then tested to ensure proper operation.
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Following the designing, coding, testing, and documenting
of all the software, a final design review was held to present
and demonstrate the preintegration software to USAARL. The
documentation, which included a software reference manual, a
users guide, and a performance assessment battery (PAB) guide,
also was presented for review. Prior to this software review,
an engineering prototype of the testing unit was constructed,
debugged, and presented to USAARL for comments and/or
suggestions.

Upon conclusion of the final software review, the
telemetry unit was designed and developed. This part permitted
the field portable assessment units to handle point-to-point
data telemetry in an untethered mode. This development step
included the design and layout of a telemetry printed circuit
board. Also, in similar fashion, an analog-to-digital
interface was planned and a prototype made. Upon completion of
these two tasks, the final physical packaging of the unit was
designed to incorporate any identified changes and three final
cases were built.

All of the various hardware and software components were
assembled, integrated, and tested as part of a unified system.
At the completion of this testing (of preproduction units), the
final integration was accomplished. This effort included the
correction of any identified system anomalies, revision of
printed materials, and a customer acceptance test. Most of the
actual acceptance test took place in January 1988, but some of
it was completed as late as April 1988. After this final
acceptance test had taken place, the project was considered
complete.

Phase II results

After approximately 2 years of effort, Paravant delivered
two fully functioning RHC-88, hand-held, ruggedized, field-
portable computerized assessment systems. Since then, Paravant
has marketed the RHC-88 for a wide variety of applications,
military and civilian field testing. The units have received a
great deal of attention and have been well accepted.

The units are ruggedized to MIL-STD-810D to include the
ability to survive a 4-foot drop, and to operate during
immersion in 1 meter of water, under temperature extremes from
-27 degrees to 145 degrees Fahrenheit, and during heavy
vibration such as the type found in helicopters or field
vehicles. There is room for two internal expansion boards for
additional memory, internal modems, and parallel data ports.
The RHC-88 offers full database interface which permits the
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attachment of printers and other peripheral devices (Figure 2).
The input/output capabilities include a built-in serial
communications port conforming to EIA RS-232-D, and high speed
optical ports capable of baud rates up to 19,200.

RHC-88 power is derived from either 5-pack rechargeable
NiCads, alkaline C-cells, or an external wall transformer
(Figure 3). The external connector for RS-232 is a bayonet
connector which prevents moisture penetration into the case
(Figure 4). The physical dimensions are approximately 9.5 x
6.3 x 2.5 inches (about the size of a textbook), and each unit
weighs under 5 pounds. The keyboard is a standard tactile
feedback, color-coded, alpha numeric type designed for gloved-
hand use (Figure 5).

I.= s

Figure 2. RHC-88 with interface cable and charger.

Each unit is equipped with a minimum of 512K RAM main
memory expandable to 2.5 Mb. The memory is continuously
powered by batteries for nonvolatile storage. The MS-DOS
resides on 128K of ROM on the motherboard. Additionally, 64K
of user accessible EPROM, for application programs, is
expandable to 192K.
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Figure 3. Battery compartment with NiCad battery pack.

Figure 4. RS-232 bayonet connector.

16



Figure 5. Color-coded, tactile feedback keyboard.

The display is a high-contrast, super-twist liquid crystal
display, 5 inches by 2.75 inches. This display offers 256 x
128 pixels of resolution for graphics and 16 lines by
42 characters for text. The individual character dimensions
are .13 x .09 inches. The display is backlighted for use in
low lighting conditions or total darkness.

Supplied software consists of MS-DOS and file transfer
programs for uploading and downloading text files, programs,
and data to/from a personal computer (Figure 6). The software
environment supports development in high r-level languages such
as ADA, C, Pascal, FORTRAN, and BASIC. Also, for field testing
purposes, a version of the Walter Reed Performance Assessment
Battery is available which includes subtests on letter
searching (MAST-2 and MAST-6), encoding and decoding, two-
column addition, serial addition/subtraction, logical
reasoning, digit recall, two pattern recognition tasks, two
mood/activation scales, and a 4-choice serial reaction time
test.

17



i

Figure 6. RHC-88 configured for data download to a PC.

Units are delivered complete with manuals, cables, and an
AC charger. There is an optional charger stand which holds the
computer in an upright position, enables communication to
external devices via optical interface (requiring no cable
connections from the RHC-88), and provides both unit power and
battery charging so the unit can be operated while charging.
Optional expansion boards allow tailoring computer capabilities
to meet changing operational demands.

Summary and conclusi,'ns

The RHC-88 computer designed and developed by Paravant
Computer Systems clearly fills a vital need for both Army field
research and industrial applications. The ruggedization,
battery operation, nonvolatile memory, and expandability
offered by these hand-held computers opens the door to
applications which generally have precluded the use of a
standard desktop PC. One of the most notable features of the
RHC-88 is the advantages in terms of operational flexibility
have not been offset by problems in the area of user interface.
The use of MS-DOS as the operating system and the RHC's
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adaptability to standard software development tools, make this
computer as easy to use as the familiar IBM PC. Preliminary
studies by USAARL personnel indicate the computers and
available software are fully operational. Field studies
already are being successfully conducted with these devices.

In summary, this Small Business Innovative Research effort
has been a clear and compelling success. There already appears
to be considerable payoff to both DoD and commercial markets.

19



Rfrnc-a

Department of Defense. 1986. Environmental test methods and
engiin n . - delines. MIL-STD-B1OD. Washington, D.C.

Thorne, D.R., Genser, S.A., Sing, H.C., and Hegge, F.W. 1985.
The Walter Reed Performance Assessment. Neurobehavioral
toxicologzy and teratolciv. 7: 415-418.

20



Initial distribution

Commander Commander
U.S. Army Natick Research U.S. Army Research Institute

and Development Center of Environmental Medicine
ATTN: Documents Librarian Natick, MA 01760
Natick, MA 01760

Naval Submarine Medical U.S. Army Avionics Research
Research Laboratory and Development Activity

Medical Library, Naval Sub Base ATTN: SAVAA-P-TP
Box 900 Fort Monmouth, NJ 07703-5401
Groton, CT 06340

Commander/Director U.S. Army Research and Development
U.S. Army Combat Surveillance Support Activity

& Target Acquisition Lab Fort Monmouth, NJ 07703
ATTN: DELCS-D
Fort Monmouth, NJ 07703-5304

Commander Chief, Benet Weapons Laboratory
10th Medical Laboratory LCWSL, USA ARRADCOM
ATTN: Audiologist ATTN: DRDAR-LCB-TL
APO New York 09180 Watervliet Arsenal, NY 12189

Commander Commander
Naval Air Development Center Man-Machine Integration System
Biophysics Lab Code 602
ATTN: G. Kydd Naval Air Development Center
Code 60B1 Warminster, PA 18974
Warminster, PA 18974

Naval Air Development Center Commander
Technical Information Division Naval Air Development Center
Technical Support Detachment ATTN: Code 6021 (Mr. Brindle)
Warminster, PA 18974 Warminster, PA 18974

Commanding Officer Commanding Officer
Naval Medical Research Harry G. Armstrong Aerospace

and Development Command Medical Research Laboratory
National Naval Medical Center Wright-Patterson
Bethesda, MD 20014 Air Force Base, OH 45433

Under Secretary of Defense Director
for Research and Engineering Army Audiology and Speech Center

ATTN: Military Assistant Walter Reed Army Medical Center
for Medical and Life Sciences Washington, DC 20307-5001

Washington, DC 20301

21



Director Commander
Walter Reed Army Institute U.S. Army Institute

of Research of Dental Research
Washington, DC 20307-5100 Walter Reed Army Medical Center

Washington, DC 20307-5300

HQ DA (DASG-PSP-0) Naval Air Systems Command
5109 Leesburg Pike Technical Air Library 950D
Falls Church, VA 22041-3258 Rm 278, Jefferson Plaza II

Department of the Navy
Washington, DC 20361

Naval Research Naval Research Laboratory Library
Laboratory Library Shock and Vibration Infor-

Code 1433 mation Center, Code 5804
Washington, DC 20375 Washington, DC 20375

Harry Diamond Laboratories Director
ATTN: Technical Infor- U.S. Army Human Engineer-

mation Branch ing Laboratory
2800 Powder Mill Road ATTN: Technical Library
Adelphi, MD 20783-1197 Aberdeen Proving Ground,

MD 21005-5001

U.S. Army Materiel Systems Commander
Analysis Agency U.S. Army Test

ATTN: Reports Processing and Evaluation Command
Aberdeen proving Ground ATTN: AMSTE-AD-H
MD 21005-5017 Aberdeen Proving Ground,

MD 21005-5055

U.S. Army Ordnance Center Director
and School Library U.S. Army Ballistic

Building 3071 Research Laboratory
Aberdeen Proving Ground, ATTN: DRXBR-OD-ST Tqch Reports
MD 21005-5201 Aberdeen Proving Ground,

MD 21005-5066

U.S. Army Environmental Hygiene Commander
Agency U.S. Army Medical Research

Building E2100 Institute of Chemical Defense
Aberdeen Proving Ground, ATTN: SGRD-UV-AO
MD 21010 Aberdeen Proving Ground,

MD 21010-5425

Technical Library Commander
Chemical Research U.S. Army Medical Research

and Development Center and Development Command
Aberdeen Proving Ground, ATTN: SGRD-RMS (Ms. Madigan)
MD 21010-5423 Fort Detrick, Frederick,

MD 21701

22



Commander Commander
U.S. Army Medical Research U.S. Army Biomedical Research

Institute of Infectious Diseases and Development Laboratory
Fort Detrick, Frederick, ATTN: SGRD-UBZ-I
MD 21701 Fort Detrick, Frederick,

MD 21701

Director, Biological Defense Technical
Sciences Division Information Center

Office of Naval Research Cameron Station
600 North Quincy Street Alexandria, VA 22313
Arlington, VA 22217

Commander U.S. Army Foreign Science
U.S. Army Materiel Command and Technology Center
ATTN: AMCDE-XS ATTN: MTZ
5001 Eisenhower Avenue 220 7th Street, NE
Alexandria, VA 22333 Charlottesville, VA 22901-5396

Commandant Director,
U.S. Army Aviation Applied Technology Laboratory

Logistics School USARTL-AVSCOM
ATTN: ATSQ-TDN ATTN: Library, Building 401
Fort Eustis, VA 23604 Fort Eustis, VA 23604

U.S. Army Training U.S. Army Training
and Doctrine Command and Doctrine Command

ATTN: ATCD-ZX ATTN: Surgeon
Fort Monroe, VA 23651 Fort Monroe, VA 23651-5000

Structures Laboratory Library Aviation Medicine Clinic
USARTL-AVSCOM TMC #22, SAAF
NASA Langley Research Center Fort Bragg, NC 28305
Mail Stop 266
Hampton, VA 23665

Naval Aerospace Medical U.S. Air Force Armament
Institute Library Development and Test Center

Bldg 1953, Code 102 Eglin Air Force Base, FL 32542
Pensacola, FL 32508

Command Surgeon U.S. Army Missile Command
U.S. Central Command Redstone Scientific
MacDill Air Force Base Information Center
FL 33608 ATTN: Documents Section

Redstone Arsenal, AL 35898-5241

Air University Library U.S. Army Research and Technology
(AUL/LSE) Labortories (AVSCOM)
Maxwell AFB, AL 36112 Propulsion Laboratory MS 302-2

NASA Lewis Research Center
Cleveland, OH 44135

23



AFAMRL/HEX U.S. Air Force Institute
Wright-Patterson AFB, OH 45433 of Technology (AFIT/LDEE)

Building 640, Area B
Wright-Patterson AFB, OH 45433

University of Michigan Henry L. Taylor
NASA Center of Excellence Director, Institute of Aviation

in Man-Systems Research University of Illinois-
ATTN: R. G. Snyder, Director Willard Airport
Ann Arbor, MI 48109 Savoy, IL 61874

John A. Dellinger, COL Craig L. Urbauer, Chief
Southwest Research Institute Office of Army Surgeon General
P. 0. Box 28510 National Guard Bureau
San Antonio, TX 78284 Washington, DC 50310-2500

Product Manager Commander
Aviation Life Support Equipment U.S. Army Aviation
ATTN: AMCPM-ALSE Systems Command
4300 Goodfellow Blvd. ATTN: SGRD-UAX-AL (MAJ Lacy)
St. Louis, MO 63120-1798 4300 Goodfellow Blvd., Bldg 105

St. Louis, MO 63120

Commander U.S. Army Aviation Systems Command
U.S. Army Aviation Library and Information

Systems Command Center Branch
ATTN: AMSAV-ED ATTN: AMSAV-DIL
4300 Goodfellow Blvd 4300 Goodfellow Blvd
St. Louis, MO 63120 St. Louis, MO 63120

Commanding Officer Federal Aviation Administration
Naval Biodynamics Laboratory Civil Aeromedical Institute
P.O. Box 24907 CAMI Library AAC 64D1
New Orleans, LA 70189 P.O. Box 25082

Oklahoma City, OK 73125

U.S. Army Field Artillery School Commander
ATTN: Library U.S. Army Academy
Snow Hall, Room 14 of Health Sciences
Fort Sill, OK 73503 ATTN: Library

Fort Sam Houston, TX 78234

Commander Commander
U.S. Army Health Services Command U.S. Army Institute
ATTN: HSOP-SO of Surgical Research
Fort Sam Houston, TX 78234-6000 ATTN: SGRD-USM (Jan Duke)

Fort Sam Houston, TX 78234-6200

24



Director of Professional Services U.S. Air Force School
AFMSC/GSP of Aerospace Medicine
Brooks Air Force Base, TX 78235 Strughold Aeromedical Library

Documents Section, USAFSAM/TSK-4
Brooks Air Force Base, TX 78235

U.S. Army Dugway Proving Ground Dr. Diane Damos
Technical Library Department of Human Factors
Bldg 5330 ISSM, USC
Dugway, UT 84022 Los Angeles, CA 90089-0021
U.S. Army Yuma Proving Ground U.S. Army White Sands

Technical Library Missile Range

Yuma, AZ 85364 Technical Library Division
White Sands Missile Range,
NM 88002

AFFTC Technical Library U.S. Army Aviation Engineering
6520 TESTG/ENXL Flight Activity
Edwards Air Force Base, ATTN: SAVTE-M (Tech Lib)
CAL 93523-5000 Stop 217

Edwards Air Force Base,
CA 93523-5000

Commander Ms. Sandra G. Hart
Code 3431 Ames Research Center
Naval Weapons Center MS 239-5
China Lake, CA 93555 Moffett Field, CA 94035

Aeromechanics Laboratory Commander
U.S. Army Research Letterman Army Institute

and Technical Labs of Research
Ames Research Center, ATTN: Medical Research Library

M/S 215-1 Presidio of San Francisco,
Moffett Field, CA 94035 CA 94129

Sixth U.S. Army Mr. Frank J. Stagnaro, ME
ATTN: SMA Rush Franklin Publishing
Presidio of San Francisco, 300 Orchard City Drive
CA 94129 Campbell, CA 95008

Commander Commander
U.S. Army Aeromedical Center U.S. Army Medical Materiel
Fort Rucker, AL 36362 Development Activity

Fort Detrick, Frederick,
MD 21701-5009

25



Commander, U.S. Army
Aviation Center

Directorate Directorate
of Combat Developments of Training Development

Bldg 507 Bldg 502
Fort Rucker, AL 36362 Fort Rucker, AL 36362

Chief Chief
Army Research Institute Human Engineering Laboratory

Field Unit Field Unit
Fort Rucker, AL 36362 Fort Rucker, AL 36362

Commander Commander
U.S. Army Safety Center U.S. Army Aviation Center
Fort Rucker, AL 36362 and Fort Rucker

ATTN: ATZQ-T-ATL
Fort Rucker, AL 36362

U.S. Army Aircraft Development President
Test Activity U.S. Army Aviation Board

ATTN: STEBG-MP-QA Cairns AAF
Cairns AAF Fort Rucker, AL 36362
Fort Rucker, AL 36362

Commander Dr. William E. McLean
U.S. Army Medical Research Human Engineering Laboratory

and Development Command ATTN: SLCHE-BR
ATTN: SGRD-PLC (COL Sedge) Aberdeen Proving Ground,
Fort Detrick, Frederick MD 21005-5001
MD 21701

MAJ John Wilson Canadian Army Liaison Office
TRADOC Aviation LO Building 602
Embassy of the United States Fort Rucker, AL 36362
APO New York 09777

Netherlands Army Liaison Office German Army Liaison Office
Building 602 Building 602
Fort Rucker, AL 36362 Fort Rucker, AL 36362

British Army Liaison Office French Army Liaison Office
Building 602 Building 602
Fort Rucker, AL 36362 Fort Rucker, AL 36362

Italian Army Liaison Office Brazilian Army Liaison Office
Building 602 Building 602
Fort Rucker, AL 36362 Fort Rucker, AL 36362

26



Australian Army Liaison Office Commandant
Building 602 Royal Air Force Institute
Fort Rucker, AL 36362 of Aviation Medicine

Farnborough Hants UK GU14 6SZ

Dr. Garrison Rapmund Dr. A. Kornfield, President
6 Burning Tree Court Biosearch Company
Bethesda, MD 20817 3016 Revere Road

Drexel Hill, PA 29026

27


