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PREFACE

On March 15 and 16, 1983, the first formal conference devoted exclusively to
the Peripheral Vision Horizon Display (PVHD) was held at the Dryden Flight Research
Facility of NASA Ames Research Center, Edwards, California. The conference was
scheduled because of a need to disseminate information about the extent and diversity
of research and applied work done on the PVHD. Organizers of the conference were
able to assemble a group of outstanding presenters representing academic, industrial,
and military organizations. This fulfilled the need to provide relevant background
information pertinent to the development of the PVHD.

The theoretical foundation and applied use of the PVHD were discussed. Results
of operational tests were of particular interest to the attendees. Participants
agreed that future meetings on the PVHD would be of considerable value to the scien-

tific and engineering communities.

The chairmen would like to thank the participants of the conference and NASA
Ames-Dryden.
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Paper 1

PERSONAL EXPERIENCE WITH THE PVHD AND OPINION OF SITUATIONS
IN WHICH A WIDE FIELD OF VIEW (FOV) PVHD MIGHT BE HELPFUL

by

Colonel Grant B. McNaughton, USAF
Chief, Life Sciences Division
Air Force Inspection and Safety Center
Norton AFB, California

My initial introduction to the PVHD occurred in early 1980 accompanying the
AFFTC bioenvironmental engineer while he was conducting a laser safety survey
of the static cockpit display described in Paper 13. At that time, I was Chief
of Aerospace Medicine at Edwards AFB and was more interested in the eye hazard
implications. During our evaluation, I sat in the mock cockpit with the laser
horizon on and, in turning around to make a seat adjustment, inadvertently
glanced momentarily with my right eye directly into its beam. The brightness,
of course, startled me. Though after-images persisted for a brief time, I was
pleased to find no loss of acuity. (I am myopic and was wearing minus lenses
at the time.)

Major Dave Edmondson, then at the USAF Test Pilot School, pointed out the
principle of the PVHD and urged me to fly the incandescent light device of Vic
Horton and Einar Enevoldson in their T-37 aircraft at NASA Ames Research Cen-
ter's Dryden Flight Research Facility. One ride was sufficient to convince me
that this was indeed a "better mousetrap." Light intensity was low requiring a
dark night for adequate use, but the light PVHD worked as advertised. It pro-
vided excellent attitude information without the pilot having to look at it,
even with the attitude director indicator (ADI) masked. Unusual attitude recov-
eries were simple, although from steeply banked positions, one might attempt to
recover by rolling inverted. Precise attitude control was facilitated during
precision approaches, again with the ADI taped over. One could easily monitor
attitude with peripheral vision, thus freeing up central vision for tasks requir-
ing acuity, such as monitoring performance instruments. It unquestionably sim-
plified this task.

Having recently been reassigned to the Air Force Inspection and Safety
Center as Chief of Life Sciences, I was in a position to analyze USAF aircraft
mishaps. The following incidents are characteristic of the type that may have
been prevented by a wide field of view attitude indicator such as the PVHD:

— Two-seat fighter aircraft departed single-ship into a low (500 foot)
overcast; emerged 15 to 20 seconds later in a 45° dive, 90° of left
bank. Wings rolled level and had started pullout just before impact.

— Observation aircraft departed single-ship into a low broken deck
conducting a weather check; in and out of clouds on downwind, then



entered a larger darker cloud. Emerged 10 to 15 seconds later in a ‘

45° dive, 90° of right bank. Rolled wings level and had started
pullout just before impact.

Single-seat fighter aircraft on night-weather formation sortie was
wingman in left fingertip descending in cloud, breaking out over
lightless terrain at about 20,000 feet. The wingman drifted below
lead, crossing to the right beneath. He called "lost wingman," con-
tinued to roll right, and descended to impact mountains 10,000 feet
below.

Single-seat fighter aircraft on a night-weather formation sortie
called "lost wingman" in the clouds and impacted shortly thereafter.

Single-seat fighter aircraft, number 4 on a daytime departure into

weather, entering overcast at about 300 feet AGL. Apparently l
attempting to track and trail his element mates on his radar scope, ‘
he entered a descending right turn to impact. T

Single-seat interceptor aircraft returning single-ship to land, at |
night, through heavy rainshowers; broke out of a low ceiling left ‘
of course; quite likely had one or more warning lights. While ang- |
ling toward the runway, allowed himself to get too low and struck

tall trees less than two miles from the runway. Fatigue also a

factor.

Cargo craft making a circling approach to an unfamiliar airfield

in lightless surroundings on a "black-hole" night. During turn to
downwind, may have mistaken a lighted tower for conflicting traffic.
Entered inadvertent, overbanked descent to impact. Fatigue also a
factor.

Two-seat fighter aircraft on a daytime dogfight mission departed
controlled flight while defending against a gun pass and descended
into a hazy undercast. Aircraft emerged at about 1,500 feet AGL
in a slow spiral. Dual sequenced ejection initiated out of the
envelope.

Two-seat fighter aircraft on a daytime mission departed controlled
flight during an intercept and descended into undercast of heavy
clouds. Initially thought he had recovered control but then noted
the ADI rolling at low altitude and wisely ejected in time.

Single-seat fighter aircraft flying as wingman on a daytime weather
departure into turbulent clouds. Lead became concerned about a col-
lision and called, "level at 17,000, climbing to 18,000," leaving
his wingman in an approximate 30° left bank. Due to radio static,
the wingman had misunderstood this call, and by the time he had
transitioned back inside the cockpit, his ADI was rolling and show-
ing mostly black. He confirmed the unusual attitude of the ADI on
his head up display (HUD), and managed to begin a recovery as he
broke through the overcast, pulling over 9g to barely miss the
rocks.



Single-seat fighter aircraft on a night formation radar delivery.
Went head-down to the radar scope allowing a 2,000-foot descent to
go undetected, impacting short of the target on run-in line.
Fatigue also a factor.

Single-seat fighter aircraft evaluating gunnery techniques on the
range, daytime, turned toward downwind, channelized attention on
the weapons delivery computer, failed to catch a descent, and flew
into the ground.

Single-seat fighter aircraft, daytime, preparing for a gunnery com-
petition. While on downwind setting up for his third pass, went
head-down to his weapons delivery computer, failed to monitor a
slow roll descent, and initiated recovery a fraction of a second
too late.

Single-seat fighter aircraft, number 2 on a dark night range mis-
sion. Made a radar laydown pass and pulled off into a climbing
left turn, during which the flight lead inititated a pre-briefed
lead change, passing number 2 on his left. Number 2 indicated
he'd entered clouds, then indicated some problem, most likely
caution lights. He impacted within 20 to 30 seconds having rolled
from a climbing left turn to an inverted right dive, 180° out of
phase. Misinterpretation of the ADI or more likely, the HUD, was
suspected. (HUDs are not optimized for instrument flying; in the
ordnance delivery mode, the pitch ladder, which is mated to the
velocity vector (flight path marker), slews all over the face of
the combining glass — rendering interpretation difficult.) It is
quite easy to misinterpret an upright climb from an inverted dive
(Fig. 1).

Single-seat fighter aircraft leading a number 3 ship to the range
between cloud decks announced he had a problem and rolled abruptly
into a hard left turn, presumably to return to base, immediately
entering clouds. He emerged briefly only to enter lower clouds

and impacted cloud-covered mountains at a fairly steep dive. There
was a mismatch between the ADI and the standby attitude indicator,
which, erroneously, indicated a climb.

Single-seat fighter aircraft on a single-ship, black-night approach
through weather claimed spatial disorientation while in the clouds
in icing conditions from 8 to 4 miles out. Shortly after break-
ing out left of course due to cross-winds, he felt an unfamiliar
"thump" (possible ice ingestion), neglected to monitor his vertical
velocity indicator (VVI), struck an approach antenna, lost control,
and ejected successfully. This pilot was task saturated.

Bomber aircraft on a night terrain avoidance ordnance; delivery
circuit failed to note a slight 1° to 2° descent into slightly
rising terrain. Ground impact destroyed aircraft. Fatigue also
a factor.




Helicopter was letting down to a terrain avoidance low level, fol-
lowing a night aerial refueling. Failed to catch mis-set altitude
warning and impacted terrain.

Cargo plane returning from predawn exercise, permitted a 1° des-
cent to go unnoticed for about one minute, impacting the surface.
Fatigue also a factor.

Cargo plane shooting an approach to minimums in low ceilings and

blowing fog. Attempted to go visual prematurely, failed to detect
an excessive VVI, and hit short, causing major damage.

Reconnaissance aircraft shooting approach to minimums in blowing
snow. Landed short.

Single-seat fighter aircraft on night intercepts called "Tally-ho"
while belly up to his target; had apparently mistaken surface

lights for his target. Lost over 11,000 feet and impacted near sur-
face lights. Fatigue also a factor.

Single-seat fighter aircraft leading a night two-ship to the range.
Coming off his initial pass, no spot from the bomb was seen. Turn-
ing to downwind, it appeared the pilot was trying to troubleshoot
the "no" release. Allowed a descending turn to go undetected and
impacted. Chronic fatigue a factor.

Single-seat aircraft flying as wingman on aerial refueling sortie.
Following top-off lead, called he was passing to assume lead, and
also told wingman to ensure proper function of navigation equip-
ment. While head-down checking his navigation equipment, the wing-
man drifted up and into lead and was killed.

Trainer, solo, attempted to cross a high thunderstorm, flamed
out engines, descended into clouds, apparently became disoriented
while attempting restart, and crashed before completion of ejec-
tion sequence.

Trainer, solo, flamed out at altitude, descended into clouds,
became disoriented attempting restart, and ejected safely.

Single-seat fighter aircraft lost control above an undercast,
became disoriented attempting recovery in the clouds, and ejected
safely.

Single-seat fighter aircraft pilot making a daytime route weather
abort became task saturated trying to locate his element mates on
radar while changing TACAN channels; inattentive to his altimeter
and VVI for nearly one minute during which his aircraft descended
nearly 4,000 feet to impact. Fatigue also a factor.



— Single-seat fighter aircraft flying as wingman on a daytime depar-
ture into low clouds, entering clouds on the right wing. Within
15 to 20 seconds, both aircraft emerged through the 1,000-foot cloud
bases in a steep dive, the wingman now on the left wing. Lead
pulled hard; both aircraft struck vegetation.

— Single-seat fighter aircraft at night descended through a 2,000-foot
cloud deck breaking out over a lightless black-hole across which a
lone interstate highway ran. As he attempted to level off, his
"ears" told him he was climbing vertically, yet the highway reflec-
tion off the top of his canopy told him he was in a steep dive. He
fought hard to make the ADI indicate straight-and-level but admits
he came very close to ejecting. After a minute or so, he was able
to see city lights on the horizon, and immediately his disorienta-
tion vanished.

— Single-seat attack aircraft pilot climbing into weather on a route
abort focused all his attention on the ADI to the exclusion of the
airspeed indicator, stalled, lost control, and ejected.

Characteristics common to these incidents included night, weather, forma-
tion, false horizons, and situations requiring head-down time. These condi-
tions led to either or both of two general types of spatial disorientation
(SDO): that which alerts the pilot that something is amiss (such as the leans
or pilot's vertigo), and that which does not alert him that anything is wrong.
The aircraft is not on rails, and unless one pays attention to his attitude, the
aircraft may insidiously and subliminally roll and/or pitch somewhat into unex-
pected, unanticipated, and unwanted attitudes. Many pilots refer to this latter
form of SDO as "mis"orientation. Because the pilot is not alerted that anything
has changed, he may postpone his instrument cross-check for too long a time.

The insidious nature of "mis"orientation renders it every bit as lethal as the
recognized form, if not more so. It would appear that the PVHD would be most
helpful in preventing the unrecognized type of disorientation, though hopefully,
it would also help him cope with the recognized form as well.

Other situations which would appear to benefit from the PVHD might include:
— Naval operations around the carrier, such as traps and catapult launches.

— Helicopter operations, particularly hovering over loose material such as
dust or snow in which the rotor-wash kicks up particle concentrations sufficient
to block visibility.

— Operations with special vision restricting devices that compound the dif-
ficulty of maintaining attitude.

Needs of the pilot: flying under conditions in which the pilot can visually
reference the true surface, or the true horizon, the only instrument needed is
an airspeed indicator. In flying under conditions where he cannot use the sur-
face as a height reference, he may also need an altimeter. However, if he is
flying in conditions denying valid references to the plane of the surface or to
the true horizon, his most important instrument becomes some form of attitude



indicator. Prior to the development of artificial horizons, pilots could main-
tain relatively level flight by mentally integrating the turn and slip indicator
(needle and ball) with airspeed and altimeter. With the advent of the artifi-
cial horizon, the pilot now had one instrument that integrated for him all the
information required for attitude. This single instrument has become far and
away the most important gauge to the pilot and flying in instrument meteorologi-
cal conditions. Many military aircraft incorporate a type of attitude indicator
which also provides heading information and is known as the attitude director
indicator ar ADI. In order to maintain awareness of his flying situation
(situation awareness (SA)) pilots are trained to employ a cross-check of those
instruments providing critical control parameters. This composite instrument
cross-check is commonly a scan that refers to the ADI more frequently than to
any other instrument. When a pilot feels disoriented, he is commonly instructed
to focus the majority of his attention on the ADI and to force it to indicate
straight-and-level flight. The larger the ADI, the easier this is to do. Large
ADIs should be or should become the rule in the design of instrument aircraft.
Whereas it may be permissible to miniaturize some instruments, this does not
apply to the ADI. The ADI is one instance where big is definitely better.

In aircraft subject to night/weather formation flying, it would appear ideal
to provide an artificial horizon that is wide enough to be monitored out of the
corner of the wingman's eye. Preferably, it should also occupy a prominent
location at or near the center of the instrument panel. A large, prominent, and
commanding ADI is all the more important in the presence of design features that
distract and disorient pilots — such as a head position high in a fishbowl
canopy prone to glare and reflections. It should also enable him to transition
quickly from outside to inside.

Theoretically, the Malcolm Horizon PVHD should serve admirably as a wide FOV
attitude indicator, thus reducing spatial "mis"orientation and disorientation,
easing and expediting the transition to instruments, and significantly reducing
cockpit workload.

Anxious to see the laser PVHD in action, I requested a ride in the USAF/TPS
RF-4C aircraft. Major Terry Lutz and Captain Blaine Hammond had been conducting
flights with the rear cockpit hooded. I was more interested in noting how the
PVHD fared in visually disorienting situations, such as in the weather or in
formation. I was also interested in noting how it fared in brighter conditions,
such as above cloud, below a cirrus deck, or while head-down as in a range pat-
tern. Hence, we flew unhooded with Blaine Hammond piloting.

The PVHD worked as advertised providing continuous attitude information
through 360° rolls and to its stops on loops; however I had several criticisms:

— The quality of the horizon projection needed improvement; bright dots
were substituted for the horizon at lower power settings, and when the line
appeared to connect the dots, it wavered continuously. I would prefer a nice
crisp, sharp, unwavering line as I had seen with Lyle Schofield's model.

— The horizon line was only 18 inches wide; it did not seem that it could
be monitored "subliminally" by the peripheral visual fields when head-out as in
flying formation, or when head-down. However, it was much easier to "sneak a
peek" at it, head-out or head-in.




This brings me to an anecdote regarding the PVHD. The PVHD was installed
in the front cockpit of the single-seat night attack (SSNA) A-10 aircraft as
described in Paper 9. It was projected onto the instrument panel as shown on
page 95 of these proceedings. While conducting tests over a range one pitch-
black night, the front-seat pilot initiated pulloff from an ordnance delivery
pass. There was some problem with the ordnance, which he began to troubleshoot
by looking back and forth from the left multifunction display to the armament
control panel on the center pedestal. During the ensuing 10 to 15 seconds, he
looked back and forth 4 to 5 times across the position of the PVHD. He had
initiated a wings-level climb, but now, with his attention diverted from moni-
toring his flightpath, the aircraft began a slow roll to the right reaching over
90° of bank. The PVHD worked as advertised, rotating downward and counterclock-
wise, then moving back toward center as the aircraft began to descend. Though
the pilot was looking back and forth across the PVHD, he never caught the unu-
sual attitude. Finally, the safety pilot in the rear cockpit noticed the altim-
eter begin to unwind and alerted the front-seater to watch his altitude, not
his attitude — for he had not caught the unusual attitude either.

Though this is only anecdotal, it indicates to me, at least, that one can-
not depend on the PVHD to automatically alert oneself to odd attitudes anymore
than the real horizon. One must devote some attention to his attitude. The
advantage of the PVHD is that this can be done easily with the peripheral visual
fields. There may, however, be some implications for training in its proper
use.

Cockpit compatibility cursory evaluation: Following the conference, sev-
eral participants (Einar Enevoldson, an Ames Dryden test pilot; Art Kennedy of
Garrett of Canada, which manufactures the Malcolm Horizon; and I) evaluated the
PVHD at night, in three aircraft cockpits at Ames Dryden: F-111, F-15, and F-16.

— F-111. With plenty of instrument panel available, the PVHD appeared
quite compatible. Canopy reflections were no problem. Centering roll axis pro-
duced the roll-pitch illusion seen in the T-37 aircraft. If used in the F-111
aircraft, it would seem wise to center the roll axis in front of the pilot.

— F-15. There appears to be sufficient panel to display the PVHD, although
the pilot's line of sight is somewhat higher. Monitoring is possible during
head-out simulating formation flying, as well as going head-down. There were
occasional annoying reflections off certain instruments, though none off the
HUD or canopy. Interestingly, the PVHD does not show up when projected onto
multifunction display (MFD) surfaces, although this could apparently be correc-
ted with a different surface coating.

— F-16. Though F-16 aircraft instrument panels vary somewhat from block to
block, they're all similar when it comes to the Malcolm Horizon:

Surface on the upper portion of the panel is limited and that surface

which is available is broken up by the HUD control panel which juts out 5 to
6 inches from the plane of the instrument panel.




The PVHD does appear to be compatible with the F-16 airplane cockpit
if it were projected below the HUD control panel over the bottom row of
instruments (airspeed indicator, ADI, and (in block 10) the altimeter).
Here it would appear to be quite useful to a pilot while he is head-down.

Aimed too low, the PVHD strikes the pilot's knees which jut up above
displays on the center pedestal, due to the tilt-back seat.

Canopy reflections might be a problem. PVHD occasionally generated
reflections.

Summary: Personal experience with the PVHD indicates that it should have
great promise in easing cockpit workload, improving situational awareness, and
reducing spatial disorientation.

It should not be assumed that the PVHD will automatically cue the pilot to
his attitude without some training or exposure. Some measure of attention needs
to be devoted to attitude although this can easily be accomplished by the peri-
pheral visual fields without tying up central vision.

The PVHD would appear useful in any aircraft that flies in spatially dis-
orienting/misorienting conditions, such as night, weather, or formation. It
would appear to be particularly useful in aircraft, that by their design, are
especially disorienting in such circumstances.
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Paper 2

THE MALCOLM HORIZON - HISTORY AND FUTURE

Rilghard Maleolm, B.SC., M.Sc., BhiD,

President, Maltech Research Corp.,
Oakville, Ontario, Canada.

I came to the study of disorientation in aircrew
with a background in nuclear physics. While working at
the R.C.A.F. Institute of Aviation Medicine, one of my
duties was to review aircraft accidents and incidents
in the hope that some fresh insight might reduce the
toll of planes and men. I was struck by a curious fact
that since the Second World War, and the systematic
keeping of such records, the number of fatal aircraft
accidents in which disorientation is the primary cause
has remained relatively constant at 15%. To add to this,
the constancy spreads not only over time, but from one
country to the next as well. My curiosity in this statistic
arose from the obvious fact that across this span of time
and nations there have been really significant changes in
the training of aircrew to enable them to fly during
adverse conditions, and the design and layout of cockpit
instrumentation has seen profound changes as well. Could
it be that proper orientation in flight is not so much a
function of training or instrumentation, but some as yet
unnoticed factor?

I decided to look at the problem of providing
orientation information to the brain of a pilot from

first principles. To begin with, one has to answer the
1
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question, "How do we normally acquire information
about our surroundings when moving about naturally in
our accustomed environment?'" For more than a century
we have known that the tiny organs of balance

situated in the inner ear in the skull have played a
very important role in the perception of motion and the
maintenance of balance. Research has shown that these
organs are sensitive to both translation and rotation
of the skull and that only very tiny mcvements are
necessary for them to be stimulated. However, these
vestibular organs, as they are sometimes called, are
not perfect inertial platforms because they only report
accurately about translational motion of side-to-side
and fore and aft. Work which I did with Geoffry
Melville Jones in the late '60's showed that if human
subjects were moved up and down even through very

large distances they had only a 50/50 chance of
guessing the direction of their motion accurately.
Fishes and birds, on the other hand, receive very
precise information about this motion. The reason, it
turns out, is that fishes and birds have a component

of the vestibular system called the Lagena specifically
designed to detect vertical movement. We humans, on
the other hand, spend our time walking around the

surface of the earth, and over the millenia have not



required information about vertical movement. In fact,
such information might be a liability to a human since,
when walking or running, our skulls are subjected to
impulses in this direction of several 10's of g's. A
number of studies have shown that this type of
insufficiency of the human organs of balance can lead
to numerous disorienting sensations when we are forced
to control a vehicle which is capable of moving very
quickly in the vertical plane.

A second problem which has been demonstrated to
give rise to disorientation in aircrew derives from the
fact that the organs of balance have evolved to the
task of sensing motions which are of relatively short
duration, that is to say, usually not greater than
three or four seconds. Systems capable of detecting
motion of longer durations have increasing difficulty
maintaining stability and coping with drift. Therefore,
nature in its wisdom, has given us a system which is
capable of detecting motions whose duration is quite
adequate for every day living. An airplane, on the
other hand, routinely moves in patterns which are many
orders of magnitude longer than what our organs of
balance were designed to sense. It is natural then,
to experience disorienting sensations from the organs

of balance under the usual conditions of flight.

13
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It has been known for many years now, that one of
the principal functions of the organs of balance of the
inner ear is to stabilize the eyeballs in the skull
during movements of the head so that we do not suffer
from blurring of the vision as we move about. Visual
tracking systems are perforce very complex and to have
eyeballs capable of tracking the outside world as our
head moves through its full range of motion would
require signal processing of much greater complexity
than our brains could afford. Evolution has provided
us, then, with a very elegant solution to this problem.
The vestibular systems generate signals proportional to
the instantaneous velocity of the skull and sends these
signals directly to the muscles controlling the
direction of gaze. In fact, so highly evolved is this
linkage, that an anatomist can quickly demonstrate
that the plane occupied by each pair of semi-circular
canals precisely corresponds to the plane of rotation
controlled by the individual pair of muscles hooked
to the eyeballs, which pair of muscles is connected
directly to the semi-circular canals in question. The
result of this arrangement is that for rapid and large
excursions of the skull the direction of gaze is
automatically maintained by signals emanating from the

vestibular organs. In fact, for most normal head




movement, the slippage of the visual scene across the
retina is usually less than 40% of the head velocity.
This 40% is now within the capability of the visual
tracking system to maintain a stable image of the out-
side world on the retina.

This phenomenon can be easily demonstrated by a
very simple experiment. If one holds one's hand in
front of one's face and moves it left to right at arm's
length, whilst holding the head stationary, as the
velocity and frequency of the hand motion increases,
there quickly comes a time when it becomes impossible
to even count one's fingers. Now motion is an entirely
relative affair and so in theory the same visual blurring
should occur if the hand was held stationary and the head
rotated from side-to-side through the same ancgle of
deflection. Those performing this experiment are very
surprised to find, however, that even at much higher
frequencies and higher angular displacements, not only
are the fingers easily seen, but even the finger prints!
Hence, with the head stationary, only visual tracking
mechanisms are at work, while when the head moves, the
organs of balance do most of the work, leaving the
tracking system to correct only the residual errors.

Virtually all of the work done toward the

prevention of disorientation in aircrew has centred
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around the organs of balance. On the other hand,

little attention has been paid to the role of vision

in the orienting process, even as it pertains to our
moving about in every day life. As it turns out, there
are two different functions associated with vision and
they play quite different roles. We are most aware of
objects we see which are close to our direction of

gaze. Since such objects fall on the portion of the
retina known as the fovea, the central two degrees or

so of vision is often referred to as foveal vision. This
is to distinguish it from objects seen in the peripheral
vision. Now the function of these two types of vision
turns out to be quite different from each other. When
we look at an object we naturally use the foveal vision
and with it focus on the object of our attention in
order to study its detail. We are aware of colours and
edges, patterns and shapes, and because of the extra-
ordinary fine-point discrimination enjoyed in the foveal
vision, are capable of discriminating objects at great
distance or reading fine print. In order to accomplish
these tasks, we must focus clearly on the object of our
attention, and this action has prompted many workers in
the field of vision to refer to the process as 'focal'
vision. However, everything we view, except under the

most unusual circumstances, is seen in some ambient




context or other., That is, the object in our focal
vision is seen as big or small, near or far, inside
something or outside something else, etc. It has

a relationship to ourselves and other things - so
called ambiance. The majority of the cues which
provide this sense of ambiance to our vision come to
us through the peripheral retina and this sensation
is referred to as 'ambient' vision.

When we are born and first gaze out into the
world around us, we have no idea that the jumble of
lines and colours which presents itself in fact
represents walls and floors, tables, trees and sky,
etc. It is only after we are able to move about in
this world, touching and feeling the objects which
present themselves to us that we come to attribute
these qualities to the images which are formed on our
retina and perceived in the brain. So too, we come to
relate movement of the visual field around us to the
movement of our bodies, because every movement we
make is a rehearsal of this process. It is not
surprising then that nature has come to use the peripheral
vision as a major source of information in the complex
task of orienting our bodies as we move about in every-

day life. The peripheral retina has become remarkably
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well adapted to this job, as was demonstrated by Hubel
and Wiesellmore than twenty years ago. They showed that
there are specific cells in the retina which connect to
discrete cells in the visual cortex of the brain which
are sensitive to spots of light, a different cell for
each different location that the spot of light might
occupy. Furthermore, if the spots of light happen to
emanate from a line of light in the visual field, this
gets integrated to such an extent that it is mapped on
the cortex of the brain as stimulation in only another
single cell or very small group of cells. And once
again, the cell or small group of cells is different

for each position and orientation that the line of light
might have. The static world, then, is perceived

as a matrix of cells in the cortex, all firing

according to whether the observer is seeing individual
spots of light, such as a starry sky at night, or lines
of light, such as we might see looking into the room
infront of us.

Now Hubel and Wiesel went on to point out that a
third map exists wherein individual cells or small
groups of cells are stimulated according to the speed
and direction of movement of the line of light in the
visual field. Thus, for every different speed and

direction of motion of a particular line having a




particular orientation, a discrete pattern of cells
in the cortex of the brain is stimulated to fire.
It is easy to see then how the map making up these
patterns of firing cells could be readily sampled for
information indicating that the whole visual scene is
moving in a uniform manner relative to us. This would
be interpreted by the brain as the observer moving
about within the ambiance of the real world outside.

S?mple geometry should serve to convince us that
if we roll (lean to one side) then the farther off the
visual axis we perceive an object, the greater will be
the displacement and velocity of that object in our
visual field. Thus it is no coincidence that nature
has chosen to enrich the peripheral vision with sensors
specifically adapted for the purpose of orientation.
More recent work by Schwartz and Fredrickson2 has
shown that this information about our moving visual
world projects directly onto the so-called vestibular
nucleus which is that centre of the brain connected
directly to the organs of balance of the inner ear.
It has long been known that the vestibular nucleus is
a major component of the Central Nervous System's
balance and orientation circuitry.

A very simple experiment will serve to convince

us how important is the peripheral vision in the
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maintenance of orientation. If one performs a balance
test by standing with the heel of one foot resting
against the toe of the other foot, and then closes one
eye, one immediately notices that it is a fairly
difficult job to maintain steady balance. If one now
takes a tube of paper, rolled up like a toy telescope,
and places this in front of the open eye so that all

of the peripheral vision is blocked, then one finds that
it is very difficult to maintain one's bhalance. However,
if the converse of this experiment is performed, and a
clenched fist is brought up to the open eye so as to
obscure all the central visual field, leaving only the
peripheral vision functioning, then we are surprised

to find that maintaining one's balance becomes easy
again.

Armed with this information let us consider the
plight of a pilot in a modern aircraft flying through
cloud so that it is impossible for him to see anything
outside the cockpit of his aircraft. When he initiates
a turn, the pilot's organs of balance quickly alert him
to the fact that his aircraft has banked and is changing
its heading. However, the visual field which is made
up of the instrument panel, window frames, the pilot's
knees, etc. remain fixed in front of the pilot's gaze.

Immediately a conflict arises. The pilot must resolve



whether his organs of balance (which are ill-suited
for flight) are correct, or whether the visual system
is right and he is in fact not turning.

It was not until 1930 that flying instructors
came to realize that teaching their students to fly by
the seat-of-the-pants under such conditions would soon
lead to disastrous results. The pilots had no way of
resolving this conflict between the visual and inertial
systems and would quickly become disoriented. Thus
flying training had to be modified so that the students
were taught to ignore their visual perceptions entirely
and concentrate solely on the information they were
receiving from repeatedly scanning the instruments in
the cockpit. By scanning key instruments in succession
and interpreting the information thus obtained, the
pilot could assemble a picture in his mind of the air-
craft's attitude and where it was going. Armed with
this, he then could make decisions as to what inputs
were necessary to the controls in order to maintain
the stability of his aircraft. This is the technique
still in use today.

If we look at this situation from the point of
view of control theory, we gquickly come to the con-
clusion that this is a rather undesirable set of

circumstances. In the first place the information
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the pilot receives from his instruments comes in
discrete little packages, one after the other as in a
train, while the pilot directs his gaze from one
instrument to the next. Secondly, each instrument
only presents a symbol, be it a number or character,
which quantifies a particular motion that his aircraft
is capable of making. In order to develop a complete
picture of where his aircraft is and where it is going,
the pilot must recognize and decode each symbol in
turn, then add this updated information to the picture he
has formed and is maintaining in his conscious mind.
Decoding and assembling all these discrete pieces of
information represents a high order mental task of con-
siderable complexity. It is little wonder then that
occasionally a serious error can arise, especially if a
pilot has been doing this activity uninterruptedly for
many hours. Furthermore, should a pilot be distracted
from this task by non-routine duties associated with
flying or by a sudden emergency, then it is easy to see
how the precise control of the aircraft can be lost and
the situation quickly get out-of-hand.

In 1965/66 I came to the conclusion that a great
deal of the housekeeping duties associated with instru-
ment flying could be accomplished at the subconscious

level which we normally use to maintain our orientation



as we walk around in the real world. These so called
housekeeping duties of flying represent the lion's
share of the pilot's work load, and if they could be
relegated to the subconscious in an accurate fashion,
then the probability for disorientation should be
greatly reduced. Furthermore, it might be possible
to significantly reduce pilot workload, especially
during unusual situations, and thereby enhance the
probability of the successful completion of his
mission.

I began to experiment with a small array of tiny
lightbulbs which I could illuminate as a line and by

means of a control, move the line infront of me in

both pitch and roll. The array was constructed in such

a fashion that I could vary the amount of peripheral
vision occupied by the rows of lights. I quickly
discovered that once motion was perceived in the.true
peripheral vision (20-40 degrees off-axis) that such
a display was very compelling in the absence of other
visual orientation cues.

In my naiveté, I envisaged a large array of tiny
light sources arranged across the entire instrument
panel and window frames of an aircraft. This array
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