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Keeping Pace with the
Avionics Revolution

1975-1984

Computer technology enters

triggering a revolution in
aircraft avionics. Efforts to
bring additional information
into the cockpit and extend Air
Force mission areas will bring
about the development of
controls and displays of un-
precedented complexity.
Resulting human engineering
issues of pilot workload and
man-machine interface must be
addressed. The stage is set for
revolutionary strides in such
areas as visually-coupled
systems, mental workload, and
anthropometry. Dr. Julian
Christensen retires from the
Human Engineering Division
and is replaced by Mr. Charles
Bates, Jr.
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SUBJECT AT A
SIMULATED B-52

WORKSTATION
MSgt Al Chapin of AMRL at a
workstation in a simulation of
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the deficiencies of the system
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taken in 1980. (Task 718410)
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Charles Bates, Jr.
Chief, Human Engineering Division

1975 to 1991

Charles Bates, Jr., following a tour in the US
Army Air Forces, received his Masters Degree in
Industrial Psychology from Kansas State
University. Subsequent graduate studies
involved industrial training in side-looking radar
and photo interpretation.

Starting in 1956, he engaged in research
directly supporting Air Force weapon system
development. After nearly 35 years of
government service entirely devoted to the
Armstrong Laboratory at Wright-Patterson Air
Force Base, Ohio, Bates retired as Director of the
Human Engineering Division of the Crew Systems
Directorate.

Under Bates, the division performed research
dealing with a wide range of human performance
issues in Air Force systems, including programs
in workload measurement, visually coupled
systems, strategic aircraft crew station design
evaluation, effects of microgravity on vision,
cockpit design support technology and basic
research in human visual performance.

Bates was a key factor in the success of many different projects during his career. From his
start in the Crew and Systems Branch, he was involved in crew station design for the Snark, Atlas,
Navaho, B-52, B-70, Skybolt, and Hound Dog Programs. Participation in the development and test
activities of these programs led to a research project to quantify the contribution of the human
component to system reliability.

In 1962, Bates was promoted to Chief, Performance Requirements Branch, where his primary
responsibility was human engineering support of Air Force advanced system development, including
analysis and experimental activity on human performance problems peculiar to advanced systems.
Bates was project engineer for the human performance aspects of the Manned Orbiting Laboratory
Program. His branch initiated the early work in visually coupled systems, including the
development of the first airborne qualified helmet-mounted sight and helmet-mounted display, and
provided the initial human performance data for multisensor and real-time reconnaissance program
development. In 1975, Bates was promoted to Director of the Human Engineering Division and
then selected for the rank of Senior Executive Service in August 1983.

Bates was the recipient of several performance and professional awards, including the Air Force
Systems Command Distinguished Civilian Service Medal and the Presidential Meritorious Executive
Rank Award. A past Chairman of the Aerospace Medical Panel of the Advisory Group for Aerospace
Research and Development of the North Atlantic Treaty Organization, Bates held four patents in the
areas of visually coupled systems and helmet-mounted displays.

Ginsburg, A. P. (1983). Direct performance Ginsburg, A. P., Martin, W. L., & Self, H. C.
assessment of HUD display systems using (1983). Contrast sensitivity performance assess-
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THE MODULATION TRANSFER
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bomber, which was under construction, but for
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Human Engineering Division
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TESTING AN OBSERVER AT A SIMULATED

B-52 BOMB-NAVIGATION STATION

An observer working at the bomb-navigation station
of a B-52 aircraft simulator in the Armstrong
Laboratory. This station was part of the Offensive
Avionics System (OAS) on the B-52. The Human
Engineering Division performed human factors-
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behavior to obtain design recommendations for
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Susan M. Evans from the University of Dayton
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— Klein Associates
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PERFORMANCE
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adjusting the equipment in
an investigation of eye
tracking performance with
the Honeywell Remote
Oculometer. This work was
done in 1978.
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MODULATION DETECTABILITY THRESHOLD
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Shortly after being assigned to the newly formulated
Visual Display Systems Branch (May, 1974), under the
direction of Thomas A. Furness, I was asked to consult
with Avionics Laboratory personnel at WPAFB involved
with detecting and monitoring the presence of satellites in
deep space. By that time, there were sufficient pieces of
disintegrated satellites, as well as functional satellites
launched by this country and others, that the Avionics
Laboratory, in conjunction with Lincoln Labs, was
proposing to build GEODSS (Ground Electro-Optical Deep
Space Surveillance System), a satellite detection, tracking,
and cataloging system. The plan was to build a few
tracking stations at selected sites around the globe which
would house high-powered telescopes, slaved to the
movement of the starfield, having very sensitive TV
cameras at the image plane. The video information was to
be displayed on high-resolution displays which would be
monitored by operators who would identify anything that
moved as either a satellite or noise. Problems of vigilance
and visual differentiation between a real satellite and
artifacts of electronic noise were mixed with boredom and
visual fatigue to produce a very challenging human task.

A short time earlier, Larry Scanlan at the University of
Illinois at Urbana-Champaign had produced a PhD
dissertation on “time compression” under the contractual
support of the Air Force Office of Scientific Research. His
research, and that of C.T. White of the Naval Electronics
Laboratory, nearly 20 years earlier, demonstrated greatly
improved target detection performance using the coherent
motion cues provided by a time-compressed display. White
had filmed successive scans of a radar display and
projected them back at a standard movie frame rate, thus
making the coherence of target movement much more
apparent. Scanlan used a computer-driven plasma panel
display to generate the stimulus material and explored the
effects of various time-compression ratios and number of
stored frames on detection time.

An inexpensive dual-screen black and white TV had
just come on the commercial market, having
approximately five-inch and eight-inch screens, together
with a “one-shot memory” video disk for recording and
displaying on the smaller screen, single frames of video for
study by sports enthusiasts. We bought seven of these
devices, and had the video disks pulled out of them and
wired so as to be able to manipulate the time between
stored frames, the number of times a stored frame was
displayed before the next one was presented, and the
number of frames stored. Bill Kama and I (with the help of
Maryann Howes of SRL) were in the process of generating
experimental stimulus materials using a satellite/starfield
simulator the Avionics Laboratory had fabricated, in which
sky background, satellite magnitude (brightness),
movement and viewing distance could be controlled. We
wanted to use the video time compression equipment in
our laboratory to determine the best combination of
parameters, prior to using it on real satellite imagery.
However, once the Avionics Laboratory witnessed the
dramatic improvement in detection time and ease of use,
they insisted on taking the rack-mounted hardware to
their Lincoln Labs test site at White Sands, New Mexico.
After our brief indoctrination of the workings of the
system with real satellite imagery, the Avionics Lab and
Lincoln Lab personnel were so enamored by the capability
they saw, they refused to release the device for our further
testing. They used it to hone the time-compression
parameters in a computerized version of the device, which
is still in use today in GEODSS sites such as that on Maui,
Hawaii.

— Wayne L. Martin, Chief
Visual Display Systems Branch
Human Engineering Division
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The VCASS (Visually-Coupled Airborne
Systems Simulator) helmet is an example of
an incredible design option. The helmet’s
miniaturized electronics project an image
onto a screen approximately two inches in
front of the pilot’s eyes and offer a view of
what is outside the cockpit. Flight data are
superimposed over the scene. Using that
information, the pilot activates aircraft
systems with eye and hand movements and
also voice commands. This replaces the
pushing of knobs and buttons which are nearly
eliminated from the cockpit.
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Yesterday and Today,”
Civilian Employees Reporter
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nomics Information
Analysis Center (CSERIAC)
is the central source for
up-to-date human factors
information and
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What Do We Do?

conceived and established CSERIAC. Operated by the University of Dayton Research Institute,
CSERIAC is a Defense Technical Information Center/Department of Defense organization, managed
by the Human Engineering Division at Wright-Patterson Air Force Base, in Ohio.

CSERIAC’s mission is to provide a quick and reliable source for analytical services, topical

publications, software programs, and databases pertaining to human factors. We collect, analyze,
and disseminate information and technologies to support the requirements of all parties within the
government, industrial, and academic sectors concerned with human-machine systems. We strive to
be the premier gateway for the dissemination of human factors-related information and technologies.
In short, CSERIAC solves your human factors problems.
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LASER SCANNING A HUMAN HEAD
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MODIFY WORKPLACES FOR THE
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CASHE VISION
This Computer-Aided Systems Human Engineering
(CASHE) vision shows a multi-disciplinary design
team working with a CAD/CAE system in which
ergonomic data is a "full partner" among other
disciplines within the working environment. The
combined use of integrated CRTSs, small group wall
displays, auditory systems, and virtual display
technologies allows designers to fully visualize and
experience the operational impact of the crew
system design, even in its early conceptual design
phase. All team members can interactively
communicate their design proposals and solutions to
other centers in this distributed design network.
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Pilot's helmet helps interpret high-speed world

(New York Times—John Noble Wilford)

The pilot sits in the cockpit wearing a dark,
bulging, bug-faced helmet that makes him look like
the sinister Darth Vader in the movie “Star Wars.”
Projected on his visor is a synthesized panorama of
the world he is flying over and into, the terrain
below and the skies around. It is like having his
head inside a marvelous, action-packed video game.

But it just may be the only way pilots will be able
to handle the complex, high-speed aircraft of the
future, especially in combat. Assisted by computers,
tiny video tubes and other electronics, they will
almost literally carry all their cockpit controls in the
helmets they wear. The engineers who are
developing this advanced technology call it a
“virtual cockpit” or “supercockpit.”

Missiles Streak Across Helmet Visor

On the helmet visor, the pilot sees moving green
lines streak before his face, calling attention to
antiaircraft missile fire. He applies pressure to the
stick and makes a sharp evasive maneuver, away
from the line of fire.

voice command for a symbolic display of the missiles
available under the plane’s wing. He selects one, by
voice or by pressing a button, and the symbol for the
selected missile flashes to remind the pilot it is ready.

The pilot wants a better view. “Zoom,” he says, and
an electronically synthesized voice echoes the
command in confirmation. Instantly, the computer
provides a closeup image of the terrain ahead, and of
the bad guy. Or the pilot says “god’s eye,” and hears
his command repeated. This, in effect, takes the pilot
out of the aircraft and high above for a view of
himself, the approaching enemy, and the entire
theater of impending battle.

With a “normal” image put back before him, the
pilot points the plane so the reticle of his gunsight
rests squarely over the triangle marking the location
of the enemy craft. He gives the command “lock on.”
Then, “fire.” The missile streaks toward the target. A
symbolic explosion of light fills the triangle in the
image. An enemy is destroyed.

The panorama, 120
degrees wide and 60

degrees high, changes
accordingly. The pilot
swings his head left or
right and the view
changes each time.

Superimposed on one
corner of the panorama
are numerical readouts
of his altitude, velocity,
and heading. There is a
small square marked
“status.” He looks
straight at the square,
says “select” and sees
projected there for a few
moments symbols
indicating the status of
the plane’s fuel, oil
pressure and
temperatures. The
purpose is to know what
he needs to know when
he needs to know it, and
not be overwhelmed by
panels of gauges and
dials.

Voice Commands

Dispatch the “Bad

Guys” SYNTHESIZED PANORAMA PROJECTED
ON VISOR OF FUTURE PILOT

Conceptual representation of the Super Cockpit in which the pilot has an
abstracted pictorial view of the task, mission and threat environments.
Night is turned into day, available weaponry are pictorially represented and
accessed by alternative controls (voice, eye line-of-sight, or brain actuated).
The pilot may navigate along a "highway in the sky.
represented by their zones of lethality. (Workunit 71842601)

Ahead, above the
outline of a distant
mountain, appears a
green triangle, topped
by the number 9. Radar
has detected a “bad
guy” nine miles away.
The pilot checks his
weapons, calling by

"

Threats are
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Combat Performancea

PILOT SITUATIONAL
AWARENESS CRITICAL TO
COMBAT SUCCESS

Pilot Situational Awareness
involves the continuous
perception and integration of
information and the prediction of
future events. Many factors
contribute to good situational
awareness, including personality,
cognitive abilities, and training.
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