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ABSTRACT

The Visual Display Research Tool {(VDRT) is a visuval simulation system
comprising a two channel computer image generation (CIG) system, a head/eye
attitude sensing system, and a helmet mounted laser projected dome display
system. The VDRT was designed to provide an observer apparent wide field-of-
view full color, high resclutfon, high detail density simulation of the
out-of-the~cockpit visual environment.

The VYDRT design approach takes advantage of the visual perception
limitations of the man-in-the-loop through the use of an eye-coupled
area-of-interest. The design of the VDRT was presented to the visual L
simulation community in 1281 at the IMAGE Il Conference and the Third IITEC, . . ___
Conference. This paper will discuss the progress in developlng the VDRT
resulting from a contract between the MNaval Training System Center R L
{ HAVTRASYSCEN) and American Airlines Training Corporation (AATC). AATC and
their major sub-contractors Rediffusion Simulation Limited, General Electric L
and Polhemus Navigation Sclences (PNS) division of McDonnell Douglas

Electronics Company have delivered the VDRT system components on-site at

NAVTRASYSCEN  #n April 1985.

completed and results will bhe reported.

In-plant test of system components have been

System integration and Government

final inspection will have been completed by December 1985 and system
performance relative to design goals will be reported.

INTRODUCTION

In a dome-type visual display it is
ideal to have the pilot's eye point and
the display projection exit pupil co-lo-
cated at the center of the dome. The )
Visual Display Research Tool (VDRT) is an
"eye-gaze slaved" area-of-interest visual
system which essentially satisfies
this geal and develops high visual acuity
over a large field-of-view, in color,
at a Iow cost. This paper will discuss
the history of the VDRT leading up to
and through the system design and de-
velopment phase. In addition, system
development declsions versus perfor-
mance tradeoffs are analyzed. The paper
concludes with the present status of
the VDRT Pregram and when performance re-
sults can be expected.

BACKGROUND

Requirement
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The Visual Display Research Tool
(VDRT) development program addresses
the need for cost-effectively provid-
ing an interactive extra-cockpit visual
environment for the training of pilot/
aircrew in a flight simulator. The
characteristics of the extra-cockpit
visual environment which drive the cost
of a visual simulation system are the
field-of-view, the resolution, and the
scene complexity. High scene complex-
ity is required for learning and exer-
cising the visual skills necessary for
performing missions where recognition
and identification of objects or scene
features in a visually cluttered en-
virenment is an Iimportant task element.
Examples af such missions are air-to-
surface (ASU) attack and visual nav-
igation while flying at low level.

High resolution is required for train-
ing mission tasks where detection,
acquisition, recognition, and identi-
fication of objects and features at



simulated ranges representative of real
world ranges are important task ele-
ments. Resolution alsc impacts altitude
and range judgements. Thus resclution
is an important parameter for piloting
navigation as well as both alr and sur-
face attack scenarios. The need for 2
large field of view arises mainly in air
combat, confined area maneuvering, nav-
igatien, and ASU where the pilot util-
izes visual cues throughout the entire
field of view available through the
aircraft canopy.

Canopy

Historically, visual simulation for
pilot aircrew training has been pro-
vided by the brute force technique of
surrounding the simulator cockpit with
a relatively large number of display
windows which are fixed relative to
the simulator cockpit. This mosaic
approach to providing wide angle sim-
ulation leads to complex, high cost
systems, since each window must be
relatively small if high resolution and
high scene complexity is to be main-
tained throughout the entlre field of
view.

The VYDRT represents an attempt to
reduce the display system requirements
and, consequently, total system cost
by taking advantage of the pilot's vis~-
ual perception system limitation. A
characteristic of the human vision sys-
tem is that high resolution is only
possible over a relatively small field
of view corresponding to central vis-
lon. The remaining peripheral field is
seen at low resoldtion at any one time.
Thus, the hypothesis is that a visual
simulation system need only provide

high resolution in the viewing directlon,

of the observer and low resclution
elsewhere in order for the observer to
perceive a normal visual environment
with the relatively large savings in
cost of the image generator and display
equipment. The approach taken by the
VDRT progrm is to develop a display
system which is based on efficlently
matching the display parameters to the
capabilities of the human eye. The
specific design chosen for implemen-
tation of the eye-coupled display con-
cept is based on helmet mounted pro-
jection of two full color laser rasters
onto the interior surface of a spher-
ical dome surrounding the cockpit.

Design Rationale

The c¢hoice of implementation re-
sulted from a trade-off analysis taking
into account system performance para-
meters and human interface considera-
tions. These are summarized below:

Helmet Mounting

Helmet mounting conceptually el-
liminates many of the problems associ-
ated with conventional display systems.

‘imizeds

. helmet.

"is no problem of binocular disparity.

Some of the advantages of helmet mount-
ing are: the display hardware moves
with the head thus eliminrating some
mechanical/serve hardwarej the close
proximity of the display and viewing
pupils minimizes geometric distortion
(such as keystoning); the close prox-
imity of pupils also allows efficient
utilization of available light through
the use of high gain, retro-reflective '
projection screen material; the use

of retro-reflective screen combined
with helmet mounted projection would
allow multiple observers each seeing __
only his own display; problems due to
obscuration and shadowing by the struc-
ture of the simulator cotkpit are min-
and the central logation of

the projector within the dome minimizes
defocus problems. Helmet mounting does
however generate a need to minimize

the mass of hardware which is. actually
carried on the helmet.

Laser

Lasers were chosen as the light
source in the VDRT for several reasons.
The high spatial coherence of the laser
allows efficient coupling with fiber
optics for relaying the light to the_
Laser raster displays offered
the capabllity to separate modulatlion
and high speed scanning functions from
low speed scanning functions which al-
lows the low helmet mass requirement
to be achieved through the use of
lightweight fiber optic relays. Lasers
can provide the three primary colors
necessary for a full color display with-
out the persistence associated with
phosphors., The risks associated with
laser display are; that laser systems
do not have proven reliability in the _
simulator environment and p0551ble dis-
play artifacts due to the laser's co- - - --
herence. -

Projection

Projection was chosen over virtual
image displays for several reasons. _
A single optical projection. lens is

capable of providing a wide angle dis- -

play whereas a virtual imaging system
required two optical assemblies, for
fields of view in excess of 20°. Since
the projected image is only visible
when reflected from the screen there
is no need to track head position (in
additon to attitude) and artificially
blank the cockpit. Since both eyes
view the same projected image there

Projectlion does regquire a dome. screen

surrounding the simulator cockpit.
PERFORMANCE GOALS

Exploratory development efforts resulted

in the definition of the performance
goals listed in Table 1.



TABLE 1 SYSTEM PERFORMANCE GOALS

Apparent Field of View
Instantaneous Field of View
Area of Interest
Apparent Resolution {Limiting)
Luminance
Coler
Contrast Ratio
Helmet Weight

SYSTEM DESCRIPTION

Figure 1 is a simplified block dia-
gram of the visual system developed
under the VDRT Program. Conceptually,
the system functions in the following
manner. A trainee wears a flight helmet
which has a laser projector mounted on
it. The exit pupil of the projector is
located Just above the trainee's mid
eye point. Two rasters are projected
from the helmet onto a retro-reflec-
tively coated dome surface. A large
field of view, low resovlution raster
{IFQOV) serves to provide the trainer
with peripheral vision cues while a
smaller, high resolution raster {(AQI},
inset in the IFOV, develops the high
viswal acuity required by the foveal
vision. A head and eye tracking system
monitor the trainees line of sight for
use by a visual processor in controlling
the position of the rasters on the dome .
and directing the computation of the
correct scene in the image generator.
RGB laser light for both rasters is
initially obtained from two lasers using
seperation optics. Video modulation
of the resulting six laser beams is
effected using acousto-optic modulators.
Combining optics form two modulated
laser beams at a line scanner. The
resulting set of _laser scan lines are
optically coupled to the helmet mounted
projector via two fiber optiec ribbons.
Frame scanning and raster offsets are_.
then accomplished using galvo driven
mirrors located in the helmet projector.
Both laser rasters are magnified by the
output optics to produce the correct
field of view to the trainee.

HOST
FLIGHT VISUAL FACILITY
COMPUTER PROCESSOR MEDIF LCATIONS
COMPUTER
[MAGE HERD/EYE
GENERATOR TRACKER
LINE FIBER HELFET
THRGE L — oeTIC - HCUNTED DOME
BENERATOR LIk PROJECTOR

FIGUAE 1 - VDRT BLOCK DIAGRAH
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Restricted only by Cockpit
145° Diagonal

36° Diagonal

3.3 ARC MIN/TV Line Pair
10 FLT (Highlight}

Full

30.1

3.5 lbs

The visual processor mentioned
above 1s the computational heart of
the system. It interfaces with the
head and eye tracker, galvo driver as-
sembly, and the host flight computer
to insure that the visual scene is
stabilized at the screen and Is closely
synchronized with the trainee's eye-gaze =
position. The host computer in turn :
interfaces with the computer image genera-
tor to insure correct scene generation
based on aircraft position and trainee
loock direction.

A description of each of the sys-

_tem components developed for VDRT

along with their design and performance
considerations is presented below.

Computer Image Céﬁ;rator

.raster for foveal vision cues.

The CIG system used on VDRT is
a General Electric system provided as
governmént furnished equipment and mod-
ified to produce the required VDRT
performance characteristies. The VDRT
system requires a two channel image
generator. One channel develops low
resolution and low Jlevel of detail for
use in the IFOV raster for peripheral
vision cues. The second channel de-
velops high visual acuity in the AQI

Each channel provides system dis-
tortion and mapping corrections. In
addition, smooth insetting of the AQIL
raster Iinto the IFQV raster is also
handled by the CIG. This technique
involves cutting a 27.4° x 24° hole
out of the center of the IFOV raster
and providing a 5° blend zone just in-
side and around the cutout. A similiar
blend zone 1s generated in the AQI
raster. Each blend zaone is divided
into 16 transition areas to assure
smooth lnsetting.

Each channel of the CIG also pro-

" vides fiber optic compensation to correct

for light transmission differences in
each of the fiber optic links. This
compensation is achieved by intensity
modulating each pixel aleng the scan- _
line to normalize the transmission of
each fiber in the fTiber optie bundle.



The CIG is also used to develop
test patterns used in system test, cal-
ibration and maintenance.

Line Image Generator

Rediffusion Simulation Limited .
{RSL) designed and developed the line
image generator whoase main function is
to generate two syncronized, video
modulated, laser line scans for trans-
mission to the helmet projector through
the fiber optiec links. A Coherent
Innova 20 laser provides the green and.
blue laser beams at 514 nm and 476 nm
respectively. A Copper LaserSonic
Aurora 150 dye laser is used to produce
red light at 610 nm.

Separation optics are used to de-.
velop two sets of RGB lines. Intra
action ADM-70 acousto-optic modulators
operated in conjunction with video
processor units are used to video modu-
late the six laser lines. Combining
optics form two laser beams which are
directed into a 24 facet mirror located
in the GFE line scanner. This mirror
rotates at 76725 RPM to create two laser
scanning beams operating at a 1023 line
scan rate. The line scanner, developed
by Speedring under a separate contract
with NTEC, is a water cooled device with
air bearings to achieve reliability and
stability at the high rotational speed
required. Post pelygon optics transmit
each laser beam to the flber optic links
and produce a finely focused line image
on the fiber terminations on route to
the helmet projector Tor AQI and. IFOQV
raster development.

Fiber Dptic Links

Galileo Electro Optie Corp, was
contracted by RSL to develop the two
fiber optic links used between the line
image generator and helmet projector.
Each link Is required to contain 1000
usable 10 micron fibers in a row for
transmitting the 1000 pixels of video
information in each raster scan line._
Te insure a uniform transmission from
each 1link, the CIG was designed to
provide fiber optic compsensation for
each flber in both the AQI and IFQV
channels. Currently, the system re-
quirements on VDRT call for two, five
foot, lightweight flexible cables having
an aoverall transmission of at least
40% .

Helmet Mounted FProjector

B

The A0L and IFOV laser line scans
transmitted to the helmet via fiber ap-
tic links are converted into raster
scans using galvanometer driven mirrors
mounted inside the projector. One gal-
vanomet develops horizontal offset for
both line scans while two other gal-
vanometers control AOI and IFOY frame
scan development as well as vertical
raster offsets. Galvanometer drive
signals, developed in the visual proces-
sor, maintain control of all mirror op-
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peration through a galvo driver assembly.
Inertia considerations in a large frame
scan mirror have dictated a 2.5 milli-
second fly back time resulting in 875
active raster lines per frame. General
Scanning G-100 PD galvanometers were
selected for use in this design by RSL
who are responsible for the overall
projector design.

The AOIL and IFOV rasters are mag-
nified in the output optics to create
a 27.4° x 24° and a 140° x 100° scene
on the retro-reflective dome surface
as viewed from the pilot's eye point
at the dome center.

In addition to obtaining the regquired
optical performance, the emphasis on .
the projector design alsoc included sta-
bility considerations as well as total
helmet weight. Magnesium alloy, ma-
chined to tight tolerences, was used
for the critical projector mounting
plate as well as the telescope tube.

A lightweight flight helmet was
manufactured by Gentex to support the
projector. This helmet is designed
to fit 95th percentile heads and is

_equipped with foam padding and an in-

flatible bladder to insurge proper fit.

A communication system is also included
inside the helmet. The head tracker
sensor is located on the lower back
portion of the helmet.  Qverall helmet
weight is within two pounds of the 3.5
pound specified goal. This excess is
compensated by a single tensator ar- _
rangement attached directly to the pro-
fector.

Head Tracker

A SPASYN 14-bit Head Tracker system
manufactured by Polhemus Navigation
Sciences Division was selected for
usage on VDRT based on its demonstrated
high accuracy, resolution, and repeat-
ability as well as large motion-box
coverage. This system employs-a three-
axis magnetic radiator/sensor system
to measure head position with respect
to the cockpit. Helmet metal compen-
sation has been designed into this sys-~
tem to reduce position errors introduced
by metal projection components in the
vicinity of the cockpit mounted radia-
tor and helmet mounted sensor. The
output of the head tracker interfaces
with the visual processor through a
de-multiplexer.

E!e Trackefﬁr

A PNSD designed oculometer working
in conjunction with an Applied Science
Laboratories {ASL) Eye View Monitor _
(EVM) system perform the eye tracking
function on VDRT. The deulometer de-
signed to be an easily calibrated light-
weight unit, mounts directly to the
telescope shaft of the helmet projector
and contains an IR LED to illuminate
the eye. A wvisor with an infrared



reflecting coating is used to direct
light from the illuminator into the eye
and back to a NEC/VCI-B10é CCD camera.
The EVM extracts the centroids of the
pupil and corneal reflection from the
video image of the subject's eye and
computes the eye position with respect
to the head. The output of the EVHM
interfaces through a de-multiplexer
with the visual processor systemn.

¥isual Processer

The Visual Processor, developed by
RSL, contains a S5SEL 32/27 microcemputer
and a de-multiplexer system te inter-
face with the Head and Eye Tracker and
the galvanometer drive system. An
interface to the CIG is also provided
via a High Speed Data Interface (HSDI)
link to the SEL 32/77 host flight com- -
puter which talks directly to the CIG.

The main funection of the visual
processor is tc compensate for system
delays in image generation and raster
positiening. "A predictor-corrector
technique using head and eye attitude
information has been developed for this
purpose. Resulting prediction data
communicated to the CIG and helmet scan
system is expected to reduce system
delays to an acceptable level and
produce realistic image stability.

Facllity Modification

To accommodate the VDRT system
several modifications to the existing
facilities were required. The painted
dome surface was sanded and c¢leaned
and then coated using 3M 7610 retro- -
reflective screen material. The cock-
pit was raised to position the pilot's
eye polnt near the dome center. Cool-
ing water for the lasers and line scan-
ner was plumbed intc the dome alcng
with line scanner vacuum and air pres-
sure lines.

Adequate electrical power for the
lasers and electronics was also provided
inside the dome along with the video and
sync interface to the CIG and HSDI
link to the host computer. A boresight
slide projector was located at the rear
of the dome for use in calibration of
head position.

Space was made available behind the
cockpit and a mounting frame provided
for installation of all the VDRT hard-
ware including the line image generator,
visual processor, head and eye tracker
electronics as well as the video drive
and galvanometer drive electronics.

SYSTEM PERFORMANCE

As with any visual system the basic
parameters which define image quality,
i.e. resolution, contrast, and bright-
ness etc. are also of prime importance
for VDRT. 1In addition, the require-
ments of "area of interest" place

l9g’

Resolution

special demands on system dynamics in
order to achieve satisfactory image
stability and accurate location of the
high resolution scene. . L

In the previous section some ration-
ale for the unigue system configuration
of VDRT has been given. It is proposed
that this system utillizing as it does,
laser light sources, acousto-optic
moedulation, opte-mechanically scanned
rasters, fiber optic flexible links,
and a novel helmet-mounted projector
will provide as good, or better image
quality than more widely used display
devices. Also it will be able to rapid-
ly move the projected image to follow
head and eye movements such that the
observer will only be aware of viewing
a well detailed scene over the complete
field available from the cockpit.

It is therefore logical that we
discuss the projector system design
and its components In terms of perfor-
mance expectation for the primary dis-
play parameters.

Field of View

As described earlier, the system
generates two separate field, the Area
of Interest (ADI) providing 27° Hori-
zontally x 24° Vertically and the peri-
pheral field (IFQOV) 140° Horizontally.
x 100° Vertically. The AOI is always
located at the center of the IFQV and
is blended into it over a 5° band.

These field angles are defined
within the helmet-mounted projector
by the relay lenses, the galvanometer
driven mirreors and telescope. The
focal lengths of the two relay lenses
have been selected to provide the re-
quired intermediate horizontal field
angle on the beams emerging from the
fibre optic terminations. For the IFQV
beam the relay lens focal length is
approximately 13mm for the 10mm line
image providing a 44° herizontal field.
For the ADI beam, the focal length is
approximately 52mm providing a 11°
horizontal field. . I

Similar angles in the vertical
sense, for each field are generated
by deflection of the AQI and IFQV frame
scan mirrors. The telescope system
then applies a wmagnification of about
2.5 times to the resulting AQI and
LFOV rasters which are projected fraom
a common pupil location.

However, as the FOV available is
always presented to the observer
throughout his total Field of Regard,
the effective FOV should not be notice-
ably different from the real world.

Given a CIG pixel) rate of 40MHz
and applying a Kell Factor of 0.7,
useful display resclution should be



sought within a video bandwidth of
14MHz. At higher frequencies CIG sam-
pling effects would be expected to
Limit effective resolution. In any
event the higher frequencies will be
filtered out to limit possible moire
interference effects between CIG pixels
and optical fibers.

In general however, limiting reso-
lution is not & reliable guide to image
definition, contrast ratio at the lower
frequencies being a much better cri-
terion. NTEC have specified a contrast
of 0.4 at B cycles/degree Tor the AQI
and 1.7 cycles/degree for the IFQV cor-
responding to § and ¢ MHz respectively.

In considering the line image gen-
erator, it is interesting to note that
due to the use of Scophony illumina-
tion in the modulators, the_resclution
of a pattern In the line image is not
limited by the dimensions of the beam
at the modulator or by any aberrations
in opties proceeding it, since the.
pattern is actually an image of the
acoustic wave in the modulator. There-
fore the resoluticn of this portion of
the LIG is very largely determined by
the response of the electro-acoustic.
transducer Iin the modulators. Ampli-
tude modulation should be at least
0.25 at the given frequencies.

Regarding the scanner polygon and
post-palygon optics, the aberration
attributable to these is also small
amounting teo less than 1/10 wavelength
giving Q.95 MTF at 9MHZI.

The sampling effect of the Tiber
optic array on the continucus line image
will reduce the effective horizontal
resolution of the projected image. As-
suming 1000 fibers in the line, there
will be 3 samples per cycle at 14MHz,
producing an effective MTF factor of
about 0.6. At 2 MHz the factor
will be 0.8.

There 15 a very similar sampling
effect due to raster lines, as line
spacing is approximately equal to
fiber spacing. Therefore contrast
ratio for vertical resolution will be
reduced to 0.6 at 14MHz and 0.8 at
oOMHz .

The design target for the helmet-
mounted projector optics was. 0.8 con-
trast at B8 cycles/degree for the AOI and
1.7 cycles/degree for the IFQV measured
over the complete fleld.

In practice this has been realized
apart from the blue light performance
in the AO0I, without offset, where the
average value obtained was approximately
0.5 and in the green channel with 30° of
of fset where an average value of 0.4
was measured.

The IFQOV values were in fact well
above the target in most. cases.
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The resolution performance for
the complete optical system is obtained
by multiplying the contrast ratio values
which results in an overall ratjo of
0.43 for the AOI and approximately 0.5
for the 1FOV.

For most purposes these values
will be reduced by some lLoss of contrast
of inceming video from the image gen-
erator.

Also some loss of subjectively
assessed resolution may be produced
by laser speckle in a static scene.

However, in general, we should
expect to obtain a resclution perfor-
mance that is close to the specified
values.

Color

VDRT will produce an image sepa-
rately wmodulated in red, green and blue
in both the A0I and IFOV field, hence

-the use of the six acousto-optic

modulators.

The green and blue primary colors
are dictated by the available emission
lines of the argon laser. Green is
supplied by the powerful 514nm 1line
and blue by the combined use of the
476nm and other shorter wavelength
lines. Intermediate wavelengths, in
particular 49énm and 488 nm, are dis-
carded in order to achieve an accepti-
able blue/green contrast.

Red is produced by pumping a dye
laser with a second argon and is there-
fore tunable over the emission band
of the dye which for R&G is typically
585nm to 620nm. The red wavelength
which is likely tc be used generally
is 610nm as this provides a good com-
promise between color and luminpsity.

It is worth noting that the chosen
R, G, B wavelengths include a larger
area of the standard chromaticity dia-
gram than do the normal CRT phosphors.

A Standard Iliuminant C white will
be obtainable using R, G, B power in
the ratio 0.9, 1.0, 1.0. This balance
will be achieved by combining regulatiocn
of laser output power with video level
control. .

Brightness and In-cockpit Visibility

The specified peak-white bright-
ness in the center of the field in the
aircraft pointing direction is 10 foot
lamberts minimum.

Although not uswally addressed
as a separate parameter it is also im-
portant that a simulator visual system
does not too obviously effect the pilots
ability to read the cockpit instrumenta-
tion or locate controls and switches.
This has particular relevance to a



helmet-mounted system, which may par-
tially obscure the cockpit interior, or
at least lower the contrast of panel
lighting. Although the profected

image from VDRT's helmet-mounted system
will fall inside the cockpit when the
helmet is pitched down, its very low
brightness should ensure such prob-
lems are avoided.

System brightness is achieved
through the use of the 3M's retre-
reflective screen and the small angle
{0.2°) between exit pupll and eye point.
Under these conditions the screen gain
is approximately %0 as compared with
less than 1 within cockpit.

The total laser power available
from the emission lines selected to
give the required coler balance is
3.5 watts.

The transmission values for the
system, shown in Table I, are all
hased on measured data with some round-
ing down applied to cover worst case
situations.

TABLE II TRANSMISSION YALUES

LIG (excluding modulators) 0.6

Modulators 0.5
Line scan time averagqing. .88
fFiber Optic 0.3

Helmet Mounteg Projector
(IFOV channel allowing
blanking loss for inset). 0.45

Frame scan time averaging 0.91

Overall throughput
efficiency 0.032
Time averaged power
projected 0.113 watts
Time averaged luminous flux
projected (using 271 lm/watt
for Standard Illuminant

C mix) 30.7 lumens
Effective luminosity with o
screen galn of 920 2768 lumens
Brightness of 140° x 100°

field at 10 ft. radius. 20.4 fL

Even allowing for unforseen factors
the conclusion is that the target
brightness should be exceeded.

Image Geometry

The mapping of the projector tele-
scope is such that an incident beam A
off-axis emerges A' off-axis where sin
A" = 2.9sin A. In effect, without
correction the projected field would
manifest fairly severe pincushion dis-
tortion.
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In addition the geometry of pro-
jectlon from a small off-axis position
into a spherical dome would produce
significant errors.

The image generator will be pro-
grammed to effect correction for these
errors by making a transformation of
the image point co-ordinates with the
original flat plane model so that the
scene will be wundistorted when viewed
from the eve-point, provided that the
pilot's head direction and look direc-
tion are straight ahead.

Corrections will be made using
a function derived from measurement
of telescope mapping errors.

Image Stability

In addressing the stability of
the displayed image, Tixed head and
eye positions may be considered sepa-
rately from effects due to head and
eye movement.

In the static condition the ras-
ter stability is dictated primarily
by the smoothness and repeatibility
of the opto-mechanical scanning devices.

The mirror peolygon line scanner
rotating at approximately 76,000/rpm
is sychronized at all positions in
each revolution to an accuracy of 10
nanoseconds. With a pixel duration
of approximately 40 nanoseconds no
movement should be discernible due to
this component.

Frame scanning is produced by the
General Scanner PB-100 galvanometers
which have a specified repeatibility
of ¢.05% and should ensure vertical
stability within 1 scan line.

The greatest concern regarding
general raster stability is that of
possible noise and Interference causing
spurious vertical or horizontal deflec-
tions within any of the 3 projector
galvanometers. The head and eye tracker
devices are in themselves potential
sources of such nolse., If noise does
prove present in these devices te any
degree, it may be difficult to elimi-
nate without jeopardising thelr dynamic
response.

The overall cobjective is to control
peak to peak movement of image points
to within 1.5 arc minutes for the fixed
projector case.

In normal use, head and eye move-
ments, will of course, continuocusly
deflect the projected image In a com-_
plex fashion. It is however, the per-
formance of the head tracker and the
computation of head pesition data that
will primarily govern the accuracy and
perceived stability of the projected
scene. The eye tracker should simply

.allow the area of interest to be loca-



ted at the polnt of gaze without ef-
fecting scene location.

The relatively long delay (80
millisecs.) for the image generator
producing the required frame following
the input of a new head position, would
without correction probably cause un-
acceptable image lag. Head accelerat-
tion and veloclty terms are employed
to predict in advance where the head
position will be before that position
is reached. Movement beyond this po-
sition or any occurring duing the dis-
play of a particular frame will be
nullified by a compensating deflection
of the galvanometer driven mirrors.

The accuracy of predicted head
position and consequently the Ilmage
position will be related to the rate
of movement. For head movements not
exceeding 2Hz the phase error is ex-
pected to be less than 0.5°.

SUMMARY

VDRT, as discussed in the above
paper, is one of the most intriguing
visual system develeopment undertaken
in the last twenty years. State-of-
the-art technology abounds in lasers,
fiber optices, optical scanners, pro-
jection optics, computer image gene-
ration, and head and eye tracking and
processing techniques. Currently
this system is being installed and
integrated at NTSC's Visual Tech-
nology Research Simulator facility
in Orlando, Florida. System accep-
tance is scheduled for the 4th quarter
of 1985. By that time, VBRT perfor-
mance will be demonstrated and mea-
sured with results available for the
visual flight simulation community.
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ted at the point of gaze without ef-
fecting scene location.

The relatively long delay (~+4
fields) for the image generator to
produce the required frame following
the input of azimuth/elevation in-
formation coupled with the approximately
4 field delay required tco meagsure head
and eye position and calculate the proper
azimuth/elevation gaze angle would result
in an unacceptable system respomse time
of about 8 fields (133 milliseconds).
However a prediction correctionm technigue
using head acceleration and veleocity
terms has been implemented to predict in
advance where the head position will be
before that position is reached. This
prediction approsch will reduce the
system response time down to an accep—
table period of about 4 fields. Move-
ment beyond the predicted position or
any occuring during the display of a
particular frame will be nullified by
a compensating deflection of the galvan-
cmeter driven positioning mirrors.

The accuracy of predicted head
position and consequently the image
position will be related to the rate
of movement. For head movements not
exceeding 2Hz the phase error is ex—
pected to be less than 0.5%.

SUMMARY

VDRT, as discussed in the above
paper, is one of the most intriguing
visual system development undertaken
in the last twenty years. State-ofi-
the-art technology abounds in lasers,
fiber optiecs, optical scannexs, pro-
jection optics, computer image gene-
ration, and head and eye tracking and
processing techniques. Currently
this system is being installed amnd
integrated at NIEC's Visual Tech-
nology Research Simulator facility
in Orlando, Florida, System accep—
tance is scheduled for the 4th quarter
of 1985. By that time, VDRY perfor-
mance will be demenstrated and mea-
sured with results available for the
visuwal flight simulation community.
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