General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



EAFTH ORBITAL TELECPEEATOE
(Essex

(NASA-CR=-150287)

VISUAL SYSTEM EVALUATICN PFCGFAM
Corp., Huntsville, Ala.) 120 p
HC AQ06/MF AQ1 CSCL 0S5H

&

G3/54

I

N77-25788

Unclas
30443




(ESSEX)

~ EARTH ORBITAL TELEOPERATOR
VISUAL SYSTEM EVALUATION PROGRAM

TEST REPGRT NUMBER 5

Prepared for:
NATIONAL AERONAUTICS AND SPACE APMINISTRATION

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

Prepared by:
P. Norman Frederick

Nicholas L. Shields, dJr.
Mark Kirkpatrick, III, PhD.

ESSEX CORPORATION
Huntsville Operations
11309-E South Memorial Parkway
Huntsville, Alabama 35803

a
Contract NAS8-31848
January 28, ]977

Essex Report No. H-77-3



 (ESSEX

FOREWORD

This 1976 year end visual laboratory report is one of a set of three
volumes that describe the teleoperator design studies performed by Essex
Corpdration under NASA contract NA58-§1848; The three volumes describe
the tests conducted in the mobility, manipulator and visual laboratories
at Marshall Space Flight Center (MSFC) and the concomitant results. This
effort was directed by Mr.‘Edward G. Guerin (COR).
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1.0 EXECUTIVE SUMMARY

NASA's Marshall Space Flight Center (MSFC) is currently involved in the
development df technology to support teleoperator flight experiments. Develop-
ment and evaluation is being performed in three teChno]ogy areas:

o Visual Systems |
e Manipulator Systems
¢ Vehicle Mobility Systems.

The current repoft describes three experiments which were carried out
to examine operator performance using a stereoptic television system'and o
color discrimination performance ysing color teYévision. In addition, a
computer progkah is described Whiéh predicts depth resolution performance and
field of view for a stereoptic television system.

1.1 STEREOPTIC RANGING TEST

Remote vehicle docking and remote manipulation require that the operator
be able to acquire depth or range‘informatiOn from the visual system. For a
monoptic television system, the available cues are limited primarily to
apparent target size and apparent brightness. A ranging scheme for monoptic
TV was described in an eariier report (Ref. 3). This method used a movable
cursor contﬁé]]ed by the operator. Matching the cursor width to the image
of a known dfmension of a target permits estimation o% range.

In the stereoptic modé, a pair of cursors is used. One cursor line
appears in each of the twb rasters. The operatorradjusts the cursors unth
he sees a single line which appears at the same;range‘as‘that of the target.

. In the ranging test performed, operators used the stéreo system to esti-‘
mate ﬁhe fange>td1avtarget object,b The actual range was varfed‘ahd per cént 

- range estimation error was found to increase as the square of range which

-1
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would be expected. The target ranges empioyed ran from 152.4 cm (60 in.)
to 518.2 cm‘(204 in.). Per eent error wasrtouﬁd tokvery from 5 to 30 per cent.
Cqmperjsqn of the results of the stereo ranging test with data from the
monoptic system showed that the stereo system achieved sma]]er~erro% of range
estimation provided that the target is close to the point of convergence of
‘the camera pa1r lines of sight. For target ranges much greater than the con-
vergence "ange the monopt1c ranq1nq system will yield smaller per cent error.
| ~ In comparing the two systems, it should also be kept in mind that the
monoptic system;reqettes that the true size of the target object be known.
Furthermore, measurement error-will increase if the monoptic camera line of
s1ght is not close to normal to the target dimension be1ng used. The stere-
opt1c system does not requ1re that the target dimension be known and allows
the target to be viewed at any po1nt on the screen since range errors away from
the stereo center 11ne were not sufficient to be considered significant.
1.2 COLOR DISCRIMINATION TEST
| The question has often been asked whether use of color TV can facilitate
operatbr*petfdrmance in remote control tasks. This question is too gross to
be answered empirically. To refine it, it can be noted that use of color TV
should permit the operator to make additional discriminations (co]or in addi-
tion te bkightness).’ Facilitation of performance would then occur if the
, addttiona] discriminations were'essehtial to performahce A test Was carried
out to determ1ne the. number of separate colors which can be identified with
neg]1g1b1e error us1ng color TV. |
~The test was carr1ed out using 15 Munsel] color ch1ps which had prev1ous]y
Vbeen determjned to be max1ma]1y5d1scr1m1nable (Ref. 1). These 15 chips were

1-2
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presented in all possibie pairings and were presented to subjects via a

Sony color television system. The subjecf responded "same" or "different"

to each pair. The test confirmed the discriminability of the set of chips
selected. -The vast majority of errors noted were false alarms where the
subject responded "different" to a chip paired with itself. Confusion errors
. were nbted}fdr only chip pairs. One of these chips was removed leaving a

- set of 14 Munée]l chips which can be discriminated via color TV with negli-
gible erfek.

Problems noted in color discrimination testing included a phase shift
of the 3.58 MHz subcarrier ahdeapparent eo]or differences resulting from small
variations in lighting across the scene. |

An attempt was made to ‘determine if abso]ute identification of colors
could be done using a set of chips which were v1ewed directly and compared
with the co]or TV presentatwpn. Th1s woqu perm1t co]orrch1ng. This at-
tempt was 1ar§e]y unsuccessful. Changes fn apparent hue were introduced by
the video system whichfceused unacceptable error levels for absolute identi-
fication. Color coding of tergets pfeéented'Via color TV would, therefore,
~ appear to pe feasible onl} if the COmperiSOn color chips are presented along
with the target via TV. _ o
1.3 COMPARISON OF SOLID STATE AND VIDICON CAMERA SYSTEMS

Stereopt1c video tests prev1ou51y reported (Ref 1) have utilized a
pair of Vidicon cameras with zoom 1enses The ob3ect1ve of th1s test was to
evaluate effects of use of Genera] E]ectr1c solid state cameras as a stereo
pair. The task performed by the subgect was to control a target motion

| generator so as to place a movab]e target in the same fore-aft pos1t1on as a
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fixed target. Trials were conducted using two different camera pairs - the
solid state cameras and a pair of COHU Vidicon camevas.

The results of the camera comparison test did not show a general effect
of camera type in terms of response time. The effect of camera type was
found to depend on_fixed. target range. The expected response time for a
‘system using solid state cameras in place of Vidicons will increase with in-
creasing operating range.

Analysis of abso]ute adjustment errors data showed no effect of camera
type.

1.4 STEREOPTIC TvrPARAMETER PROGRAM |

A computer brogram was deve]oped to calculate detectable range difference
and thus width of the stereoptic field of view based on disparity thresholds
~and limits determined in earlier experiments (Ref. 1). The inputs to the
'pkogram inc1ude:v

e Monitor to eyé viewing distance
'i Monitor d1mens1on |
o% Video system constant

e Visual angle at operator's eye for vertical target detection
based on empirical studies

e Visual angle at operator's eye for horizontal target detection
based on empirical studies

° Average 1nterocu1ar distance

o Retinal d1spar1ty at operator S eye for range increment
detection based on- emp1r1ca] studies

o Maximum value of 11near d1spar1ty which will perm1t
stereopsis based on empirical studies

e Stereo camera baseline

1-4
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¢ Single camera field-of-view
e Camera convergence angle.
The program calculates and outputs the following data:
° §Horizonta1 resolution factor
o 'Vertical resolution factor
¢ Stereo exaggeration ratio
) Resoivable horizontal increment
® ' Resolvable vertical increment
o%nRangé at which maximums value of retinal disparity occurs
®  Range resolution factor
0? Detectable range increment
o Width of stereo field of view.

The program can be used to determine the coverage and range increment

sensitivity for a proposed set of stereo system parameters.

1-5
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2.0 INTRODUCTION

2,1 BACKGROUND

NASA's Marshall Space Flight Center is currently involved in the develop-
ment of technology to support two teleoperator flight experiments - the Space
Teleoperator Demonstration Unit (STDU) and the Space Teleoperator Evaluation
Vehicle (STEV). As currently conceived, the STDU will be mounted in the Shut-
tle payload bay where it will perform a variety of simulated paylcad servicing
tasks to evaluate the mahipu]ator and visual systems. The STEV will be a fully
mobile teleoperator system complete with propulsion and attitude control
systems.

The initial tests of teleoperator technology will be performed using the
STDU on an early Shuttle flight. Since the STDU will operate in the paylaod
bay, a vehicle mobility system will not be required. The other system‘coh-
ponehts iné]uding the manipulator arm, end effector, visual éystem,‘data links,
controls, displays and control laws will be required, however. Both STDU and
STEV will utilize a visual system that permits a Shuttle based operator to
perform basic tasks related to satellite servicing.

Several major technology questions must be answered before the STDU and
STEV can be developed. The MSFC teleoperator development effort is aimed at
the three primary technology areas - the visual éystem, the manipulator sys-
- tem, aﬁa the maneuvering/mobility system. For the visual system, a central
V prob]gm4is tﬁebdefinition of requirements and criteria for the man-machine
interfacé}. Tﬁe testing philosophy currently being employed is to usé simulation
and laboratory testing to evaluate various operator/visual system concepts and

develop an operator/system data base. These data will then be used to specify

2-1
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man-machine interface requiremehts for the STDU and STEV visoél systems.
Essex Corporagion is ourrently under contract to NASA/MSFC to pefférm
laboratory tests of visual system/operator performance, to evaluate man-
machine interface concepts, and to derive man-machine interface requirements.
Essex personnel have defined visual system tasks typical of those to be en-
countered by the STDU and STEV and have developed several laboratory and
simulation test plans based on these tasks. These test plans have been
impiemented-aod carried out in the MSFC Visual System Evaluation Laboratory
durfﬁgv1976 resulting in quantiﬁafﬁva performanééfdata‘5uitable to support
trade-off studies of visual system concepts and choice'offéystem parameters:.
Essex has also carried out analytical studies in the area of visual system
component geometry.
2.2 SCOPE B
This 1976 year-end report describes three laboratory investications of
visual system parameters and one analytical study to evaluate stereoptic tele-
vision componéotjgebmétriesyfor optimum viewing. The three visual system
tests described;in the following sections include: |
X o Stereo Ranging Test S-1: To evaluate the accuracy of operator
- range estimation using a Fresnell stereo te]ev1s1on system
- with a three dimensional cursor,
5 Stereopt1c Test S-2: To evaluate an operator's ability to alian
- three dimensional targets using vidicon tube and solid state
_ television cameras as part of a Fresnell stereoptic system.
e Color D1s¢r1mihat1on - Phase 2 Test: To determine an operator’ s

ability to discriminate between paried color ;amp]es viewed with
a co]or te1ev1s1on system.

Also reported is an analyt1ca] investigation to deve]op a computer program |
that can be used to pred1ct the w1dth of stereo f1e1d of view and range resoiu- |

ntlon as‘funct1ons of range and empirical dataaon stereoptic disparity thresholds.
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3.0 LABORATOBY DESCRIPTION

3.1 GENERAL FACILITY DESCRIPTION | ”

| The Teleoperator Visua1 Sy§tem Evaluation Laboratory at Marshall Space
F]ight Center's E]ectfonics and Contro] Laboratory permits operator visual
performance data to be collected over a wide range of mission oriented visual
System taskS. The ]aboratbfy provides for the study of tasks which involve
the manipu]at{on of any of the following parameters:

Transm%ssion I

e black and white
® one gun color

Camera/Monitor*Configurations
o% 1 camera, ] mon{ tor
e 2 cameras, 2 monitors
® 2 cameras, 1 display
Depth of View

e monoptic
& stereoptic
Monitor §izes

5i 19.7 em (7.75 in.) diagonal
® 30.5 cm (12 in.) diagonal

Field of View of Camera
"o 8 degrees to 35 degrees horizontal
Frame Rate of Display

@ 15 frames/sec
e 30 frames/sec

»quignaljFormat

o analog
e digital, 4 bit
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Signal Bandwidth

o 4.5 Mz
e 1.0 MHz Narvow Band

Signal to Noise Ratio

o 32 db
o 21 db
15 db

V1ew1ng Aids

e electronically generated reticles and cursors
e overlayed reticles

Targethotion

o fore-aft, variable translation rates
e rotation, variable rates

Variable Target Parameters

o size
e Shape
¢ brightness
® 2 or 3 dimensional

Variable Target/&ackground'Cohtrasts

Variable Target/Camera Geometries

Variable Scene Lighting

Each of the several parameters can be combined with one another to permit

the study of system compdnént interactions.

The equipment necessary to generate and control the various video trans-

‘missions is housed in the experimenter's station of the Visual System Evalua-

tion Laboratory. The general eqﬁipment which was uti]izéd includes:

Cohu Model 2000 CCTV Cameras for Black & White Transmission
Sony Model DXC-5000B Camera for Color Transm1ss1on
Colortran Model 104-311 Studio Lights -

~Kleig Brothers Studio Lights

Computer Lab A/D and D/A Converter for Digital Transmission
General Radio Corporat1on Random Noise Generator for Varying
S/N Ratios

3-2
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o Narrow Band Pass Filters for 1.0 MHz Transmission

® Tektronix Wave Form Monitor for System Calibration

o Tektronix Vectorscope for Color System Ca]ibration
The specifié equipment and ]éboratory configurations used in each of the
experiments are described in Sections 4.0, 5.0 and 6.0 of this report.

'Théw§ystem allows a maximum of two video inputs from any two sources; |
For example, two black and white cameras or two color cameras are available
which would be necessary for the Fresne]]HStereoptic’TV system. System inputs
are selected and switched via two RCA TS-ZS, one output audio follow switchers.
A complete description of this signal injection/modification system is con-
tained in Reference 1. |
3.2 VISUAL SYSTEM LABORATORY UTILIZED IN STEREQ RAWGING TESTING

The arrangement of the visual systemsflaborétOry can be changed to
accommodate particular testing situations;4 THe configuration used in the
stereo ranging testing is represented in Figure 3-1.

Theriaboratory in this configuration allowed the experimenter to accurately
place a target globe éf any one of 21 premeasured locations. ,These locations
were determined by~placing‘1.27 cm (.5 in.)7b]ack tape along fhe floor as
‘shown}1n ?%§Qfe 3-1. The center target line was placed a]ongvthe center line
of the stereo camera pair with lines on either side at 8° angles to the
center Tine. _ | _ | .

Since the tafgét'globe used in'thi;’expér{mént was ihterna]1y 1it, no
o”,studio Ifghts were psed.' ThéWQXpérimenter operated the test from a control-
panel located in thé experimnetal area but out Bf sight of the camera‘pa%r.
:The subject"waé fso]ated in é shrouded subjéct station where he‘viewed the

scene on the Fresnell stereo system.

3-3
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3.3 VISUAL SYSTEM LABORATORYVUTILIZED IN COLOR DISCRIMINATiON TESTING

Figure 342-Shows the color dfscriminatjpn‘panel and color wheels which
were used in this testing. This board was p1aced on a tripod and lit by two
banksvof;lights as shown in Figure 3-3. Thé light sources were placed so that
the illumination produced no unwanted reflections from the color chips.

THé timingyand video se]ections were controlled by the experimenter who”
sat at the console behind the task board. The subject viewed an enlarged
view of the colors through the two openings in the task board.

Again the subject was segregated from the experimental area by a heavy
black fabric shroud. .
3.4 VISUAL SYSTEM LABORATORY UTILIZED IN CAMERA COMPARISON TESTiNG

Thé‘major task equipment used in the comparison tests was the target motion
generator (TMG) which has been used in prior Essex testing. The TMG was placed
as shown in Figure 3-4 so thét the translational motion of the movabié target
was'dfrectly alqngkthe camera line of sight.- The st&dio lights were placed to
prevent ananted shadows'and reflections. |
| The subject was seated in front of the Fresnell system behind heavy
black cuftains. In addition, the experimental area Waé néfivféwed‘b¥5subjects
prior-to testing. This was accomp]ishe&‘ﬁy drawing heavy black curtains in
front of the experimental area when subjects were entering or leaving the tesf

area.

35
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4.0 STEREO RANGING - TEST S-1
4.1 OBJECTIVE i
Prior testing by Essex Corpokafion of range estimation 15 the Visuel
Systems Laboratoryiiobolved monoptic television systems using both fixed and
movable ranging cursors.superimposed‘over the television scene. The cursors
were used to measure known objeot sizes within the scene from which range
estimates could be obtained. |

The'purpose‘of the present testing, as discussed in Section 2.0, was to

evaluate the accuracy of range estimation using a three dimensional cursor

v éndvthe Fresnell stereo television viewing system.

Usiﬁg this system, range was estimated not by the size of the object
butiby itsmperceived distance from the subject. In the ‘previous testing using

movdb]e cursors, motion of the cursors was:kestricted to a plane lying on the

: v1ew1ng screen The objective‘of this test was to evaluate the difficulty and

accuracy of obtaining range estimates using a cursor and v1ew1ng system with
an add1twona1 degree of freedom, depth. | |
4.2 APPARATUS |

The exper1ment was performed in the Visual Systems Laboratory, Marsha11

}Space Flight Center. The genera] laboratohy descr1pt1on is contained 1n Sec-

vtion’BJO;and the specific Iaboratory setup for this exper1ment is conta1ned

~in Section 3.3.

The operator S stat1on contained the- Fresne]] stereoptic display. Thls
d1sp]ay was mounted'nwaconso1e conta1n1ng the two 23 cm ( in.) d1agona]]y ‘
measured Conrac Type SNAQA mon1tors and the assoc1ated ootwca1 train com-

posed of mirrors and-1enses as descr1bed in Sect1on 3.0, The Fresnell display
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screen éctua]]y observed by the subject was a 23 cm (9 in.) diagonally mea-
sured unit. A hand-held, thhmb operatéd, momentary contact pushbutton was
provided for the subiect to signal task completion. Depression of this button
also served to generate signals to terminate task timing equipment and to'
terminate the subject's video signal in preparation for the presentation of
the next trial. o

Three potent1ometers were mounted 11 a row on the front of the subject's
display immediately beneath the Fresne]] d1sp1ay These controlled the move-
ments of the stereo cursor. One moved the cursor left and right (v axis),
another up‘and down (Z axis), and the third controlled the apparent fore/
éft movement (X axis) of the cursor.
The stereoptic cursor COHSLSted of a movable, white, .20 cm by

.50 cm rectang]e oriented vert1ca11y on the face offthe screen. The cursor
was eIectron1ca11y created and presented to the 1eft and right TV screens ?
with a var1ab1e delay, controlled by the subject's potentwometer wh1ch
served to delay the presentation of the cursor relative to the 1eft and right
screens. The amount of delay was measured"by a Hewlett Packard,type 5245L
digital counter using a type 5262A pulse width measureﬁéht module. With zero
deféy; that is, with both cursors preseafed at the samé.spot on both Teft and
right monitor screens, the cursors were presented to the subject with no Tin-
ear disparity thus producing the effect, when viewed on the-FresneT] sckeen,‘
offﬁying at the same distance as the FreSne]l‘sckeeﬁ,” Increasing'the~de]ay
caused the Teft and right cursors to move aparfrdn the two TV screené;fthe
: Téft cursor mqving 1¢ft‘and‘the right cursqr,moving riaht thus'producing,_

when viewed stereoptically on the Fresnell screen, the effect of movement away
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from the viewer into the scene. Further details of the measurements and
method of obtaining range using this system are discussed in Seotion 4.5.
Ambient lighting at the subject's station was prov1ded by one 50 watt
1ncandescent bulb mounted in a lamp to the left and behind the Fresnell; dws-
play. Light intensity from this source was 1.94 lumens/sq.meter measured by a
Tektronix model J-16 digital photometer at the. pos1t1on of the subject's
head when viewing the Fresnell stereo system.
The experimenter's station contained a pair of repeet monitors showing

the videc 1nputs to the Fresnell system. Video control equ1pment included

remote focus, zoom and 1r1s contro]s for both cameras; a Tektron1x type Rm-529

NTSC te]ev1s1on waveform monitor which could be switched to monitor either of
| the two video images and the sw1tch1ng, signal 1n3ect1on/mod1f1cat1on equip-
ment descr1bed in Section 3.0 of Reference 1. The only signal modification
performed in this experiment was the use of the 1.0 MHz bandwidth limitation |
option during one half of the experimental trials.

" The target cons1sted of a 15.2 cm (6 in.) d1ameter white, translucent
globe 1it from within by a 7.5 watt 1ncandescent bulb. Without any other
~illumination, this globe radiated 1.94 lumens/sq. meter. During testing
- with the overhead lights on, it measured 5.49 lumens/sq. meter as’megsured by
a type J-16 Tektronix digital photometer at a distance of 23 cm (9 in.).‘ This
,g]ooe was mounted on a tripod which was draped with non-reflective black cloth
~ such that when the camera contrast was»set for ekperimenta1 purooses,xonly
i the glove appeared in the soéhe' In order to prov1de further contrast to the
ug]obe and to prov1de the subject more ease 1n 1ocat1nq the center of the

~ globe, one-ha]f inch wide, b]ack, non-ref]ect1ve tape was p]aced,vert1ca]1y
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and at 30 degrees from verticai across the face of the target globe as shown
in F1gure 4 1. The he1ght of the tripod was adJusted 50 that the center of
the globe was at the same he1ght as the camera lens center point.

The video system consisted of a pair of COHU model 2000 television cameras
fitted with COHU”modeT,ZSOS,'ZO to 80vmm zoom lenses mounted on a base plate
which a]loWed independent movement of the rear of the camera body about a
vertical fulcrum point located immediately beneath the front of the vidicon
tube face as shown in Figure 4-2. The distance between these two fulcrum
points (camera baseline) was 12.i em (4.75 in.). Aii ranges. and convergence
point distances were measured from a point equiaistant from each fulcrum point
a]dng the 12.1 cm (4.75 in.) baseline of the stereo camera pair as shown in

“Figure 4-2. Convergence distance was set at 152.4 cm (60 in.) by

ofientingrtne“camera lines of sight so as“tojsuperimpose, onytHe Fres-
‘nell display, an objett p]ated'at this distance. Iris, zoom and focus func-
tions Were controlled from the experimenter's console. For this exper1ment
the zoom 1enses were set to provide a 3:1 object size/display size ratio with
the object.being viewed at the 152.4 cm (60 in.) convergence point.
4.3 EXPERIMENTAL DESIGN N |

The 1ndependent variables man1pu1ated during the test1nq were:

) Background Condition - Low comp]ex1ty (Unlighted, b1ack.ba¢kground)
_ High complex1ty (Lighted background)

e Target Distance - Seven target distances: 152.4 cm (60 in.),

213.4 cm (84 in.), 274.3 cm (108 in.), 335.5 cm
(132 in.), 396.2 cm (156 in.),’457.2 cm (180 in.),

518.2 cm (204 1in.).

o Target Angle - Three target angles: at 0 degrees to camera pair
SRR : centerline and off set 8 degrees to the 1eft and
right of this centerline.
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Figure 4-1: Diagram of Target Globe Showing Center and
Right Side Cursor Alianment Approaches
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Al ekperimencal trial conditions were randomized with no replications
for a total of 168 trials per subject, 840 trials total. The trials were
blocked for presentation to che“subjects to compensate for learning effects.

Dependent measures were:

® Response Tlme - The time from presentatwon of the scene
until the subject had completed the
rang1ng task.
| Accuracy of Cursor A]lgnment - The counter reading showing the
number of microseconds delay between the left
and right monitor cursors.
4.4 SUBJECTS | R

Initially five subjects were selected for testing, all of whom were inen
a standard Orthorator examination at the’Meoshali Soace Flight Medica1"Center.
However, it was discovered that not all subjects could achieve stereopsis ofr
the stereo‘cursor and scene for this series. In order to obtain sufficient
test subjects, attempts were made by a total of nine persons to perform the
test g 0f these, four persons could not, after attempt1ng the trials, con-

‘s1stent1y view the cursor with depth perception. .

0f these four potential subjects who could not use the Frebﬁgll stereo

? system, two were unable to achieve image fusion at very low levels%f linear
disparity. During the instruction phase, when they were initially Sh"vn"a

scene for practice using the system, they stated that they could seeron]y'

two separate imadee, Then, with coaching From che.evperimenter,ethey

attempted to cthééae the tafget g1obe image at the fourth carget~position When
‘they were unable to do th1s, the exper1menter moved the globe forward to the
;convergence point where the subjects were. exper1enc1ng no Tinear d1spar1ty

At th1s point both subJects saw a s1ng1e image. ' While the subjects observed

T thls 1mage the exner1menter moved the target s]owly away from the stereo
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camera pair in an attempt to gradually increase the disparity;U'In both’cases

the two subjects were unable to maintain fusion of the images. Both stated
that at no tfme whi1e observfng the scene were they ever able to achieve
stereopsis ekcept at the convergence point distance. The other two subjects
a here both able to fuse, according to their statements, the target globe at
target distance four, but when actual testing was commenced, thay were uynable
to maintain image fusionvCOnsistently:at that distance and almost never at
the greater distance.

Norma]]y in v1ew1ng objects at distances less than 3 to 6 meters away
using unaided binocular vision, compuisory convergence and automatic accommoda-
tion occur simu]taneous]y. That is, when looking at”ah object less than 6
meters away, the eyesvare pointind inward at some angle sorthat both eyes point
or converge on the object. Simultaneously, the lens curvature is changed to
bring the object:into sharpest fochs: In other artificially created stereo
1mag1ng devices such as the stereoscope or the child's View-

Master, the images are presented to the subject at maximum disparity, i.e.,
the interocular distance. The devices are equipped With Tenses which change
the focus1ng requ1rements such that the eye 1s caused to focus at infinity.
Therefore, there is no conflict between the convergence and accommodat1on
requ1rements The same was true of the 3-D movies of the 1950 s and 1960's.
A}though there were disparate 1mages being presented to the v1ewer .the screen
was usually located at distances greater than the 6 meters S0 that agamnithe
accommodat1on po1nt was at or near 1nf1n1ty In the?Fresne1] system, the
screen is viewed from approx1mate]y 48 3 cm (19 in. ) away from the the viewer,

and, in order to ma1nta1nrthe scene in focus, the viewer must always focus

. 4-8
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both eyes at a‘etstence of 48.26 cm (19 in.). However,‘when:disparate images
are presented;thejviewer'is required to converge his eyes at a point which
would normally reqwire focusing of the eye at much greater distances. This
creates a conflict which, in order to be resolved, may require eye muscle
skills which are notmstrongly developed in the majortty of the general popu]a-r

tion and which are not predicted by the present visual acuity tests administered

vto the subjects. It is believed that this skill can be 1earned sincerone of~w

the exper1menters in this testing was originally unable to use the Fresnel]
system but has, with practice, become proficient in fusing d1sparate images.

This inability to converge disparate images is not unique to this experi-

ment, and since the purpose of the experiment was to evaluate the ranging

~ability of the system subjects who could not perform were eliminated from

the test1ng until five were obtained who appeared to be able to perform the
test task consistently.
4.5 PROCEDURE _

A]] equipment was energ1zed at least 30 minutes before each test session

to ensure stabilization prior to calibration. Before each test sess1on, all

equ1pment settings, video s1gna1 1eve1s and 11qht levels as out11ned in Sect1on

= 4.2 were checked to ensure cons1stency throughout the test1nq sessions.

”’”The subject was seated at the Fresnell console and a set of standard in-

struct1ons, Append1x A, was read to him. These 1nstruet1ons exp1a1ned the

system and - the exper1menta1 procedure and gave subjective 1nstruct1ons on the

best way to use the system As part of the 1nstruct1ons, he was shown a copy

of a 11ne draw1ng of the target globe W1th the two required cursor pos1t1on

fial1gnments (F1gure 4-1) In add1t1on he was shown ‘a scene of the target ObJeCt;'

,”§j4-9
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and cursor and?a]}oWed to practice alignment several times until it was felt
that he clearly understood the operation of the stereo cursor. As soon as

the subject indicated that he understood the operation of the system and the
experimental requirements, his scene was terminated and the first experimental
conditions were set up: 'Thé subject was then to]d?whetheﬁ to align the cursor
to the right or at the center of the target globe, given a verbal "ready" by
~the experimenter and presented with the scene via the Fresné]].rrEresentation o
of the scene automatically started timing equipment. ,The‘subject then aligned
the stereo cursor with the target, either to the right of the globe or at the
center as;instfucted. When this had been accémg]ished, the subject terminated
the §cenéwusfng“thehand held switch which a]éo'ﬁtbpped the automatic timing
equiﬁmeht{ The experimenter recorded the reééohse time and the subject called
out the counter feadiqg from his-consoTé. fhe counter reading was used to
~determine the ambunt of a1fgnment error.

The experimentéf then selected anéther set of test parameters and repeated
the proéegg described above until the test sequence block wasuéomb1eted. To
'ensure’abso1ute certainty that fatigue did not become a factor, no test session
vwa; 1§n§erfthan 45 minutes sincé”Subjects had used the system for periods up to
one hour wfthout.reports of tiredness. |
4.6 RESULTS |

| The‘dependént measuresobtained from thié‘testing.were response time and the
swéep delay ih micro-secohdS’between the left and right cursors. Ia‘order to
obtain range errors, thg§g,de]ay values hadftb‘fir§; be converted to }ange ésti-
mations. i | | b
Since linear disparity, D, can be ca]cu]ated'from the fofmula;
| D = BK/C - BK/R, where B is the stereb camera base1ine'distahce; K is

a constant,determfned‘byrthe image size ratio; C, the convergence distance and
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R, the actual viewing range, then the apparent range of the cursor, R, can

be calculated-providing the 1inear disparity between the two cursors isr

‘known. ~(Derivation and explanation of these and subsequent equations are

contained in Ref. 2).

To determine linear disparity between the two cursors, they were set to
J measured physical distance of 2.54 cm (1 in.) by displaying both on the same
TV screen. At this value of linear disparity the sweep delay counter reading

was 5 77 micro seconds. This yields a direct linear convers1on of micro

secOnds delay into Tinear-disparity of 2.27 micro-sec/cm (5.77 micro sec/in.).
These calculated va]ues:of”dTSparity are listed in Table 4-1 along with average

observed delay readings obtained by averaging the range settings of experienced

visual Taboratory personnel for each of the seven target ranges emp]oyed. From
these data it can be seen that the calculated disparities do not deviate sig-
nificantly from those empirita]]y determined ué%ng experienced operators. The

deviations osberved are most likely due to slight non-linearity of the tele-

vision sweep signal of the two television monitors employed.

Since the de]ay can be found by the formula:
X = 2 27 micro sec/cm x D where X is the de1ay in micro seconds and

D is the 11near disparity in cent1meters, then .

)

V,TX/2.27 micro sec./cm

‘and, substjpntfng this value for D in the formula for linear disparity:

X/2.27 micro sec. /cm = BK/C - BK/R.

~In the present ]aboratory setup, B 1s equa] to 12 07 cm (4.75 in.), K is

; 50.8 and the convergence d1stance, C, is equal to 152.4 cm-(60 in.) thenefore:,

BK = 241.3 and BK/C = 1.583
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Table 4-1: Image Size and Error Percentages for Stereo and Monoptic Ranging Aids

STEREO DATA o ~ MONOPTIC DATA

Target Imé;e MLvab1e Curson Image Fixed Cdrsbri Movable Cursor
Range Size (cm) % Error i Size (cm) % Error % Error
6 . 508 49 .75 24.9 6.5
84 3.6 7.9 .25 14.2 3.4
108 2.8 8.0 2.00 4.4 3.3
132 231 12.3 .50 5.3 1.8
156 195 181 5.00 3.1 1.3
180 1.69 26.4 6.50 | 5.6 1.2
206 1.49 27.6 8.00 2.4 1.4
9.50 2.3 1.2
11.00 1.3 1.1



S

(ESSEX)

T T

g

and, soTving‘for R in the equatiQn D = BK/C - BK/R and substituting into
this formula the values of BK and BK/R yields:

R (estimated) = 241.3 x 2.27/(9.1339 - X) (X less than 9.1339)

where R is the range estimate and X is the counter reading in micro seconds.

Using this formula, a computer program was written to,convert all reported
'S . -
micro‘second delay readings into range estimations. Using these estimates, a

second computer program was written which converted these range estimates

into per cent error values using the following formu]a
Per‘Cent Error = (Range Estimate - Actual Range)/Actua] Range

The results of a six way analysis of variance of these per cent error
values is shown in Table 4-2. The error as a function of target range was
significant (a<.01) and'is4b10tted in Figure 4-3. The only other factor‘fouhd>
to be significant (a<.05) by this analysis was the error percentage as a result
of interaction between target range and the viewing angle relative to the center-
line of the stereo camera pair. These interactions are shown in Figure 4-4.

In order to effectively compare the error percentages found Hn‘this
testing with those found in range estimation testing using monoptic ranging
ajdes, actual ranges could not be used. In ibe B-3 test series reported in
Reference 3, using monoptic reticles and a movable cﬁréor to estiméte‘range,

s the range estimation had beeﬁ dependent on target image size and the range

errof derived from error in the subject's estimation of theiimégé ;izé. Since
the presented image size, I, is equal to KT/R, where K is a systems constant
dependent on the image to physical size ratio; T, the actual size of thegbbject
f being viewed' and, R, the rahge to the target, then the Viewed:imége siZe of the
globe used in this test1ng can be der1ved at each target range }These conver-

s1ons were comp]eted for eazh target range and are listed, a]ong w1th the image
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Table 4-2: Analysis of Variance, Per Cent Range Error fo
SOURCE DF sS Ms F_RATIO
|
MEAN 1 15.18656 15.18656 130,039 S
BACKGROUND (B) 1 .04344 .04344 .609 .
DISTANCE (D) 6 4.84157 .80692 4.509 ** -
CURSOR POSITION (C) 1 . 11480 11480 2.528
ANGLE (A) 2 .51416 .25708 | 7.483
BANDWIDTH (W). 1 .56735 .56735 9.463
SUBJECTS (S) 3 .35036 -, .11678
BD | 6 .51526 .08588 1.901
BC 1 .00541 .00541 . .223
DC 6 .30945 .05157 .882
BA . 2 .27229 1, 13615 1.124 *
DA| | 12 1.07062 ©1,08922 1.891
CA 2 .30005  .15003 1.395
BW, 1 .16999 .16999 4.349
DW! 6 .43416 .07236 2.753
CW 1 .03639 .03639 .707
AW 2 .26229 13115 3.907
BS 3 .19869 06623
DS | 18 2.95887 .16438
cs' 3 13623 .04541
6 .20764 03460
WS 3 .17987 ©.05595 R
BOC 6 .10818 ~.01802 .453 ;
'BDA 12 .63318 .05277 1.567 A
BCA 2 .14843 1.07822 1.863
DCA | 12 .48836  |.04069 1.0M
BOW 6 .10070 .01784 .516 )
BCW | 1 .01584 .01584 9.075
DCW 6 .09296 .01549 .381
BAW 2 .14007 .07004 - - .95 | 8
DAW 12 1.17615 .09801 1.858 -
CAW 2 .06210  .03105 2,16 2 .
‘BDS 18 .81317 .04518
BCS 3 - ,72914 .02431
DCS 18 1.05280 05849
BAS 6 | .72669 L1210
DAS 36 .| 1.69880 .04719
CAS 6 .64530 ~.10755
BWS -3 11721 .03907
DS 18 47312  .02628
CWS 3 ,15450 .05148
AWS 6 20142 .03357 . .
'BDCA 12 .77539 .06462 1.999 T
BDCW 'g .15413  ,02%9 - .676 2

O3

P e |
R
: =
—

L9282 .07736  1.574

i
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- Table 4-2: Analysis of Variance, Per Cent Range Error (Continued)

SOURCE | DF SS Ms F_RATIO

BCAW 2 .02248 .01124 133
- DCAW 12 .83328 .06944 1.189

BDCS 18 71710 .03984

BDAS 36 1.21191 .03366

BCAS 6 .23900 .03983

DCAS 36 1.45000 .04027

BOWS 18 .58542 .03252

BCWS 3 .00523 .00175

DCWS 18 .73285 .04071

BAWS 6 - .43878 .07313

DAWS 36 1.89948 .05276

CAWS .6 .08619 .01437

BDCAW 12 .53278 .04439 1.1646

BDCAS |~ —— 36 1.16370 .03233 |

BDCWS 18 .68360  .03800

BDAWS 36 1.76917 .04914

BCAWS 6 .50843 .08473

DCAWS 36 2.10218 .05840

BDCAWS 36 11.37238 .03812

** p<. 0]

* P<.05
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sizes from the B-3 test series, in Table 4.2.

Since, for the present stereo camera setup, K is equal to 50.8 and the
globe diameter (T) is 15.24 cm (6 in.), then KT is equal to 304.8 cm whvch when
d1v1ded by each target range, yields the 1mage size of the globe as presented
on the Fresne1l display. The percentage range errors for movable cursor,
fixed reticle and stereo cursor range estimations are plotted as-a function
of image size in Figure 4-5.

As can be seen from Figure 4-5, the ranging ability of the stereo cursor

1
1

monoptic systems previously evaIuated It should be‘notedf however, that range
est1mat1on using monoptic aides requ1res that the size of some object at the
ranging distance be known while the stereo cursor system can be utilized to
estimate range to any object in the viewing field.

| The response t1me data were also subjected to ana]ys1s of variance, the

results of which are shown in Table 4-3. Three of the independent variables

‘sufficiently influenced the results to be significant (a<.05). These were

target range, viewing.angle'and~bandwidth limitation. Three and four way

ninteractions\invo7Ving viewing angle and bandwidth limitation were also signi-

ficant (a<. 05)3 However these are continuations of the original single in-

fluences and are not discussed separately.

Response time as a function of target range is shown in Figure 4-6 which

shows a much. greater time requ1rement at the two nearest target ranges, then

a s]ow near lTinear increase to the greatest target range. S1nce th1s ‘task

required a11gnment of the cursor with' spec1f1c target areas, this could have

been the resu]t of the subject hav1ng to spend more tlme in m0v1ng the cursor

in the X -‘va1ane since the target image s1ze Jncreases'as the inverse of the
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Table 4-3:
SOURCE DF
MEAN ]
BACKGROUND (B) 1
DISTANCE (D) 6
CURSOR POSITION {€) 1
ANGLE (A) 2
BANDWIDTH (W) 1
SUBJECTS (S) 4
BD 6
BC 1
0C 6
BA 2
DA 12
CA 2
BW 1
DW 6
CW 1
AW 2
BS 4
DS 24
CS 4
AS 2
WS 4
BDC 6
BDA 12
BCA 2
DCA 12
BDW 6
BCW 1
DCW 6
BAW 2
DAW 12
CAW 2
BDS 24
BCS 4
DCS - 24
BAS 8
DAS 48,
CAS 8
BWS 4
DWS 24
~CWS 4
_AWS 8
BOCA 12
BDCW 6
BDAW 12
BCAW 2

(ESSEX)

Anaiysis of Variance, Response Time ,

ss

214184,
40.

2912

6.

822
73.
29230.

"194.
9.
528.
38.
494,

-7

6
17203
.010

.5337
98859
08
2897
621132
0337
35172
5950
.088755
.56265
2116
.47672
.05484
.50015
270
.9087

1.4075

.61824
0.8053
4.8775
.09000
.3462
.9969
4.10555
.1022
.0472
.567
6731
.3775

. 55875

.755
.0012
.505
.5637

5.9544
.2837

.14859
.6334
.6275
.7356
.8762 .
.66047

o
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785908

MS

214184,
40.
485.

6.

411

73.

7307

32.

9.
88.
19.

41

6
17203
3450

.2669

.520
38101
621132
00812
17586
.21500
.044377
56265
.53531
47672
.02742
.37504
.4694
.9772
.42594
. 154560
.46785
.74039
.04500
.44547
.98453
.10555

.84976

.02359
.96515
.3366

.30769
.38969
.90640
25015
.07234
.19547
.238549
.09390
.78715
.57918

.88492

45523
99039
.33023

785908
98859

F_RATIO

29.
3.
750
.048
8.
10.

.332
.845
.700
415
.468
.027
499
.062
.670
.481

2

— P\ ot

N N =t st

310
872

000
341

.318
.433
.359
.831
.362
.030
.859
.640
.240
575

.910
.916
590

448

b
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~ Table 4-3:
. 1
SOURCE

|

J

|
DCAW |
BDCS '
BDAS
BCAS
DCAS
BDWS
BCWS
DCWS
BAWS
DAWS ;
CAWS —
BDCAW o
BDCAS g
BDCWS 2T
BDAWS o
BCAWS
DCAWS
BDCAWS

%% P<,0]
* P<.05
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Analysis of Variance, Response Time (Continued)

DE SS
|

12 . 728.5337
24 1771.005
48 1465, 442

8  446.9075
48 11584.817
24 669.1587
4 47.49234
24 1057.942

8 89.69953
48 2077.885

8 - 267.3919
12 346.2669
48 1580. 442
24 | | 1164.942
48 2848.010
8 737.5025
48 1283.567
48 2345

.635
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s

60.
73.
.53035
55.
- 33.

30

- 27

11

71109

78937

86344
01773

.88191
.
44,

87309
08023

.21244
43,
33.
28.
32.
48.
59.
92.
26.
48.

28922
42398
85555
92594
53922
33414
18781
74129
86734

F_RATIO
2.270 *

.5905
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target range. If this were the case, one would expect the response time to

decrease as a linear inverse of the target range wh1ch it does not; therefore,
another explanation although more complex is cons1dered plausible.
In the stereo system, although the disparity increases as a function of range,
the change in linear disparity over a given change in range decreases with
increaSing:range. This resu]téyin much stronger stereo cues at those points -
immediately at and slightly beyend the convergence distance. For this reason,
the subject would use more timeé in perforiming the more critical alignment P
pgssiblé due to the‘preseﬁee&bthhe more_obvious stereo cues available to him
at the near target position;;i This would account for the decrease in task
time up to target position"fhree At th1s point the change in disparity '
factor becomes negligible; however, the d1ff1cu1ty of achieving stereops1s
would then become a factor (Reference 1). Due to this difficulty of ach1ev1ng
stereops1s, response time would increase at an a]most linear rate.

The response time as a function of target angle is shown in Flgure 4-7.
Since each presentation of the target to either side of the display requires
additioha] manipulation of the Y coordinate axis dontro1, this additional time

requirement could have been predicted. If one conSiders the time required to

<“'g traverse the entire width of the screen to be equal to some arbitrary unit, S,

thenfeince one-third of the trials require placement of the cursor at the left
side of the screen, one-third to the right and one-third to the left of'center,i
~then for all center target a]ighmentS‘an apprbximate eqﬁatibh‘of required
‘movement Could berwritten:‘ |

55+.55+05=1.05

and

1. 0 S + 5 S+0 S 1 55S for target a11gnments to e1ther side of

4-23
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the center; therefore it would be expected that task time would increase for
targets to either side of the~center, L S i

" Bandwidth Timitation on the stereo viewing system produces a slightly

less sharp edge definition on the target making it more difficult to precisely .
align the stereo cursor thus resulting in more time being required to perform

the 'task. This did not, however, significantly affect the accuracy of the

range estimate. The response time differences are showr in Figure 4-8.

" The most significant resu]t of this test1ng was the overall t1me require-

ment for the task performance compared to ‘the task Lime requ1rements for range

est1mat1on using monoptic ranging aides. In the testing using fixed ret1c1es,
cursor, 5.62 seconds, and with the present stereo system the overall mean was i
15.97 seconds, over three times the time required for the mpnppﬁic modes. ‘
Using a fixed reticle, the subject was required to simply observe the target ,
kover1a1d with the concentric retlcles and est1mate the 1mage s1ze by countwng
thevret1c1es. In the monoptic range est1mat1on us1ng a movable cursor, the
subject again observed the scene and moved a sing]e axis cursor to the right
side of the, 1mage The present test1ng required man1pu]at1on of a cursor in
bothl X and Y p]anes and along a Z -axis while maintaining fusion. of d1sparate
1mages. Half of the trials required ranging to the center of the target and |
‘one half to the right side. In addition, the targets:Were,preSented at three
d1fferent positions on the screen. Considerina the additional complexity of

the stereo cursor test1ng, this. t1me 1ncrease does not appear to be unreason-

- ’;able
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4.7 RECOMMENDATIONS

By observing Figure 4-4, ii can be seen that the angle of vieWTng had;a
strong effect on the ranging ability (a<.05). Houever, if one uses oni& the
data from angle 2, target centered in the field of view, the ranging ability
of the stereo system near to and at thé convergence pofnt anpearsmto be nearly
equal to that shown by the monoptic aids. At the convergence point, the
;rror is equal to less than one per cent (1%), which is less than either of
the ‘monoptic systems. This could result from the‘fectrthat the Fresnell sys-
tem provides the strongest changes in stereo cues‘(]fneer disparity) for a
given change in range near to_and at the convergence.point. |

. Due to this fact and the difficulty of using the system when significant
foreater than 1.5 cm (.6‘in.)] ]fnear?dfsparity,isveXperienced, it is believed
that viewing using this system shou]d be Timited to areas at or s]ight?y
beyond the convergence distance; 'Ifithis requirement were to be met, the
,s%ereo camera pair wou]d_heue to be fitted with remote convergence mechanisms‘
wn{ch would allow the operetor to change the'cenvergence distance when vieWing
at different ranges. This would result in lower levels of conf11ct between
convergence and accommodat1on requ1rements s1nce w1th var1ab1e convergence,

the d1spar1t1es occurring would be within the range of almost any operator s
capab111ty to fuse them. 1In add1t1on, rang1ng would be performed at the po1nts
of greatest change in d1spar1ty for a given change in range which wou]d prov1de
“fthe cues necessary for accurate ranging. ) o

| If’remote convergence capabilities are 1nc1uded in a future system, 1t
iz be11eved that more. accurate ranging. cou]d be performed by using the camera

c'fcnnvergence,engles to determine the range to an object. This could be

f'x,éccompiished-by temporari]y'rotatingbthe Fresne]l screen 90 degrees S0 that

g7
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both stereo camera views wefe présented to the operator as two separate dis-
parité images. Thus, by'simply superimposing one object over the other using
the convergence:capability, simi]ar,to>gmsp1it image rangefinder, the range
to that object could be obtained. B

;This method would again result in freedom from having to range only to
known object sizes,as is necessary with monbptic aids and cbu]d result in

~ greater accuracy than that of the systems tested.

428
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5.0 COLOR DISCRIMINATION - PHASE ZleST

5.1 OBJECTIVE |

| The objective of this experiment was to determine the human operator's
ability to discriminaée between paired color samples presented via a color
television system. '
5.2 APPARATUS AND PROCEDURZ B

In previous;yi3ual system experiments, it was determined that from a

sample of 80 Munse]i-color chfps, 15 were maximally discriminable (Reference
1) and might be useful in color codiné*visua] information to a human operator.
These 15 color samples were arbitrarily numbered with the number corresponding

to the following Munsell notations:

. - Chip Number ; Munsell Notatjon

1 2.5 R 4/14

2 3.7 R 4/14

3 8.75 R MAX

4 6.25 YR MAX

5 8.75 YR MAX

6 2.5 Y 8/16

7 2.5 GY 7/12

8 7.5 GY 6/12

9. 7.5 G 5/10

10 7.5 G 4/10
N 7.5 BG 4/8
12 3.75 PB 4712
13 10 P 5/12

14 10 P 412
15 5 RP  3/10

Two sets of-é.35 cm (2.5 in.) 5} 7.6 cm (3 in.) Munsell color chips of
“the ff%fEeh eolors were obtained by eutting.the standard 7,6’cm by 12.7 cm

(3 in. by 5 in.) Munsell color chip in half. Each set was then mounted on a

5-1
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55.8 cm (22 in.) diameter wheel, and both whee]srwere mounted in a frame to |
allow rotation of the wheels. The face of the frame provided masking of all
of the color chips, except a particular one chosen for display. An aperture
with a diameter of 5.08 cm (2 in.) was providéd{fdr both wheels with the two
apertures separated by 5.08 cm (2 in.) as shown in Figure 3-2. }Thé coTof
chip display frame was illuminated to a level of 269 1uhens/sq. meter by two
Colortran 104-311jstudio‘1ights. The two lights were directed at the display
frame so no reflectance was‘obtained from the co]or'chips. The task scene
was viewed by a Sony DXC-5000B color television camera. Other apparatus in;»
' c1ud§d a Tektronix 1420 NTSC vectorscopezand,NTSC Co]or,bar Qeneratdr to
aSsufe‘approprigte phase reiéfionships to the subjectfs‘monitor. A Tektronix
model RM 129’waveform monitor was used to monitor correct brightness and con-

trast of the video signal. Cabling, power eqUipment, a Sony CG-101 synch
genekafor and associated components were located inside the test area. At

the éubject's station, the ambient Tight level was set at 2.15 lumens/sq. meter
measured at the TV monitor face. | |

The task scene was d1sp1ayed at the subJect s statlon u51ng a Sony Trini-
tron DVM-1200. 30.5 cm (12 in. diagonal) co]or~TV monjtor. The subject viewed
the scene while séated at a display console with the subject's eye to monitor
distance approximately 71 cm (28 in.) and”the.viewing attitude‘dec1in6d 15°
form the horizontal. R
The 3ubject was read a set 6f standard instructions prior to testing

(Appgndix78) and asked if he understood the task to be performed. Following
~the ihstructions, the experimenter left‘the subject's station and proceeded

to set up the,firstlexperimenta]rtriaT.

5=-2 .
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Atithe beginniné of a test‘tria], the subject's monitor was blank. The
experimenter selected a color pair from a randomized 1ist of all experimental
combinatiénS; The pair wasftheh presented to the shbject who made a deter-
mination as to whether or not the chips were the same color. Each color was
paired with itself as well as other selected colors. Asjsognfas the subje;t_
made his determination, he‘depressed a handheld switch which terminated hie |
display and stoppedqthe:timing equipment at the experimenter'e station. He ,
then reported his'eeterminetion which was recorded by the'experimenieh with |
the response time. The experimenter set.up the next: cefer pair and repeated
the sequence until a]l 270 test tr1als had been completed. The confusion

matrix from which the trials were derived is given‘in Table 5-1.

5.3 EXPERIMENTAL DESIGN
. The hefative probabi]ities of confusing different colors among a total of

‘80 samp]es have been reported in Reference 1. By preparing en 80 x 80 element
confus1on matrix using these 80 color identifiers as the X and Y coordinates,

it was poss1b1e to determ1ne those color samples which y1e1ded the least pro-
| bab1]1ty of confu51on with others This confus1on matr1x 1s shown for co1orr
chips 1 through 20 of the or1g1na1 set in Table 5-1." By 1ook1ng across the top
row for ch1p number 1, it can be seen that the probab1]1ty of it be1ng per-
ceived as "1dent1ca1“ by a subject when pa1red w1th itself is equal to 1; with
"color Chlp number € the probab1]1ty drops to ]22 and as the color chips change
k1n hue as one travels to the r1ght across the row, it drops to .020 at co]or
ch1p 16: and to zero at chip 17

- The,]S ch1ps under consideration in thjs eXperiment were thained by

se]ee%ing those ce1ohs which had they]east4amount cf:vertjeal overlap in’the B
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COLOR CHIP NUMBERS

b-g

2 B

L 1 ) Yy s 3 ? .8 9 10 11 12 13 1% 15 16 17 18 19 20
1 1 061 143 . 306 388 122 183 143  I83 122 143 04} 020 020 :
2 1 184 306 245 367 429 429 429 267 429 122 061 061
3 1 306 245 367 429 429 429 429 122 061 061
o 1 531 612 734 71 714 612 714 204 102 102
s 1 490 §71 571 -571 430 ~§7) 163 082 - 082
3 15857 857 857 . 755 857 347 245 245 143 143 143 143 122 102
7 1 1 1 857 1 286 143 143
w
o~ 8 1 1 a5 1 143 143
m
m
: § 9 1 857 1 286 143 143
z .
i 10 1 857 1 286 143 143
[
oo
‘o 11 1 286 143 143 R
e
,3 La2 1 653 653 714 714 71N 714 612 510
S ¥ 1 71% 857 857 857 857 735 612
Y 1 857 857 857 857 735 612
15 1 1 1 1 857 714
16 1 1 1 857 714
17 1 1 857 724
18 1. 857 71w bj
19 1 653
" 20 1

Table 5-1: Confusion Matrix Snowing Probability of Confusing. Sample Chips
| 1 through 20 of the Original 80 Chip Sample

»

v

Lty
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probability listing;vthat is, their probabilities of being confused were
closest to being zero. To provide additional color samples, those five colors
immediately to the right of each Qf»the'15'chosen weré.a1so,inc1uded in the
sample set. This resulted in 6 x 15, or 90 color ﬁairs. Each éair was pre-
sented to the sUbject three times for a total of 270‘trials fbrfeach of
five subjects. All trials were presented in random order.
The subjects were all males ranging in age from 19 to 46 years in age.
Each was screened for normal vision using the standard orthorator visual tests.
Dependenz measuresduringthé tests included:

® Response accuracy
® Response time.

The contro] variables were set as follows:

e Camera to task board distance - 121.92 cm (4 ft)
e Illumination at task site - 969 lumens/sq. meter
¢ Transmission conditions - analog signal, 4.5 MHz
>32 db S/N ratio
e Contrast and brightness at subject's monitor -
Signal set at Max 80 NTSC units Max video bacquound
level and >15 units color chip. The subject's
" monitor was initially set, measured and maintained
 throughout all trials at these input conditions.
o Color phase (hue) to subject's monitor - initially set
using color bar pattern.
Checked before and after each test session.
White purity calibration procedure comp]eted pr1or
: to each test session.
o Light level at subject's monitor - 2.15 1umens/sq meter
¢ SubJect to monitor distance and attitude - 71.1 cm (28 in.)
‘at-15° decline from horizontal.
° F1e1d of View - set to accommodate the two ch]ps ;uch that
chips are presented with a 1.5:1 ratio.

 The Visual System Evaluation Laboratory has controlled access duﬁidg testing
to'e1iminate interruptions, and the subject is isolated in a comfortable station

~ to minimize confounding environmental effects.
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5.4 RESULTS

After administering the comp]ete:test sequence of 155%co]or combinations
to four subjects, errors had occurred in only eight color cembinations. Seven
of these error types Were the result of pekceiving the same cp1or pair as being
different; In only one combination involving pairing color cnins 1,end 2 were
different colors mistaken for the same color. These combination error percent-
ages are shown ianab]e 5-2; all other possible combinations were correctly
discriminated. o - =

It was suspected that the apparent color d1fference between chips could be
due to a phase shift in the 3.58 MHz sub-carrier since the colors were being
presented side by side along the horizontal plane of “he monitor. Therefore, a
second test sequence was run with the chips vertically oriented, one ever the

~other. The comb1nat1ons tested were those which had been previously mis- 1dent1-
fted in fhe first test. The error percentages from th1s test are shown in -
~ Table 5-3. A]]‘other possible combinations were correctly identified. The y
resu]ts from the vert1ca11y oriented chips are similar to those when the chips
were or1ented hor1zonta11y Dur1ng.th1s retest portion, one subgect stated
that he was identifying the cnips_QSfdifferent'due primarily to‘a difference
’in brightnees and not in huerrmA check of the video waveform showed that there
'was a decreas1ng difference in br1ghtness level from top to bottom of the video
, fs1gna1 of approx1mate1y three. NTSC units between the two chips. This was com-
' pensated forvby adjusting the light levels such that there was no meaeurable:
| d1f erences between chips, with the resu]t that no errors were made with the
ﬁﬁvert1ca1 or1entat1on except in the case of chips 1 and 2, and 2 and 2.

An attempt was made to determine 1f the ch1ps presented via co]or te]e-

:.’vis1on,v1ewwng,cou1d be abso]ute]y 1dent1f1ed when presented one-at a time.

5.6
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Tabie 5-2: Per Cent Incorrect Responses for Pa1red Color Samples,
Horizontally Oriented :

CHIP COMBINATION PER CENT INCORRECT

NUMBERS. RESPONSE
12 M
2 2 22
4 4 50‘

6 6 64
77 30
8 8 33
9 9 38

43Tab1e 5-3: Per Cent Incorrect Responses for Paired Color Samp]es,
: ' ~ Vertically Oriented '

CHIP COMBINATION | T
NUMZERS - ~ PER CENTERROR

P | | ,'f | 83%“} -
S - ] L
4 4 i 44
6 6 33
ToiT e
8 8 7
9 9

50
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This was accomplished by having the subject observe the compekfson chip by

direct~v1ewing as the test chip was being presented on the TV monitor. This
coqu not be successfully accomplished since the color of the chip as seen on
color television was significantly changed in hueﬁfeem what was pefceived in .
d%rect viewing. Attempts to compensate for this change, that is, to equalize
the co]or for one part of'fhe spectrum, reéu]ted in further color shift in
,other eort1ons of the spectrum. R | -
The same color comparison test us1ng the color pa1rs which had been . pre-
| vious]y mns-1dent1f1ed was performed in the MSFC Ccmmun1cat1on Center te]ev1-
sion studios. The camera used was an RCA TA-44 stud1o camera which 'utilized
three p1ub1con tubes to generate the green, red and blue colors signals. This
camera was directly conneeted via a consqle sw1tcher to”ekTektrQnﬂx TM-4628
color television monitor. The scene was evenly 1it and the tria]zsequence was ‘
- presented to three subjects. Under,these conditiens all subjeets could easily |
identify the chips as the same or different with the exception of chips 1 and 2
which cont1nued to be 1dent1f1ed as alike in approx1mate]y 50 per cent of the
| tr1a1s adm1n1stered 7 * "
' From these tests, it aebears that there arerthree majok effects on the
ability of the subject to discriminate colors using co1of television systems.
These are:

'i 1; Phase shift of the 3. 58 MHz subcarrier as the hor1zonta]
. sweep traverses the monitor screen.

2. Small signal level differences between colors due to
unequal sensing response of the camera or due to unequa1
scene lighting.

3. The fact that the colors are not fa1thfu1]yrreproduced by o f

" the television system in the same tones as are seen w1th '
direct v1ew1ng
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A1l three of the‘above %éctors akévdependent.onrthe qua]ity of‘the Video
| equipment and 1ighting From th1s test1ng, however, it appears that when
using an inexpensive system such as the Sony camera and mon1tor utilized for
th1§ test, there are 14 colors which can be 1dent1f1ed;w1thout error provided -
they“éppear at near equal illumination. Theéé 14 are the original set minus”j 
co1br chip 2, 3.75 R 4/14. The color shift due to subcarrier’instabijity’with -
these colors does not ébpéar to be’sufficient1y 1argevenoughifozcausé confusion
of these 14 co]ors It is, however, sufficiently 1arge enough to cause the
co]ors to appear dissimilar, in fact, when the same colors are comoared

If abso]ute identification of a certa1n color is necessary, 1t cannot
be accomp]1shed via color compar1son samples which are d1rect1y viewed or
previously learned. It would be poss1b]e, however, if the sample could be L
placed in the same phys1ca1 area as the color to be identified such that they
both were subJected to the same 111um1nat1on and hue changes caused by the

characteristics of the video viewing system.
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6.0 STEREOPTIC TEST S-2
A’Comparison Between Solid Sta;e and Vidiconusystems -

6.1 OBJECTIVE |

The overall objective of this experiment was to evaluate human operator
performance in the alignment of three dimensional targets using televised
visual feed back. | |
6.2 PROCEDURE AND APPARATUS

‘This experiment was conducted in the Marshall Space_E]fght Ceﬁfer's Viéua]
System Evaluation Laboratory by Essex researchers. The Freshe]l_stereoptic
vfewﬁng system, shown in Figure 6-1 and described jn_detai1 in References 1
and 2, was utilized for opefator visual feedback of the task sité. As sen-
sors, the Fresné11 system provides for two teié&isibh‘cameras mountéd’as an
inteérated pair with a center to center lens baseline of 12.1 cm (4.75 in.).
This%experiment was conducted using twortypgsiof camera’héirs. One camera
pair cohéisted of GeneraT:Electric so]%g;staté television cameras (prototype) .
with ZZimm fixed lenses. The other camera pair was of two COHU vidicon cam=-
erés (ModeljéOOO) which were fitted with 20 mm to 80 mm zoom lenses. Eachf -
éamera pair was separately integrated with the Fresnell stereoptic viewihg §§g;
f*tem‘for purposes of this*éxperimént which a1lowed'comparison of performance
‘between camera systems. - SR L
‘ frxTwo white cylindrical targets (7.6 cm diameter and 10.2 cm Tength) with
~an albedo of .7 were used in this experiment. One target was mounted on a
ta%get motidn generatoﬁ(Fighréméléj whiqhupermitted”farget movemént fore and
afé along the vieWing axis of the‘cameré pair. ‘The fore énd aft mOtidn Was

controlled ffom the subject's viewing station for purposes of target alignment
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and from the experimenter's station for purposes of resetting the start posi-

PR

tion for each trial. The directfdn of target movement was contrb]]ed by an
Electro-Craft Motomatic Speed Control (Model E-550- M) motor control unit. While b
this unit provides for vany1ng rates of motion, for the purnoses of th1s exper1- .
ment the rate was fixed at 11 cm per second for all tr1als The'max1mum travel
‘tra1n was limited to 71 cm. The second cylinder was mounted on a tr1pod which
permitted: target a11gnment in the horizontal plane. | e

Task ‘site Tighting was. provided by two Co1ortran stud1o Tights (Mode1 104- |
311), which were 1ocated on either side of the stereo camera pair. Trial
“timing and video;presentation for the subject was done utiiizihg,a two’Channeit
switching and sigha] ihjection/modificatien_system which provided discrete ON/
OFF functions ehd trial timing and described’in detail ih Reference 3.

A11 laboratory equipment was activated at least 30 minutes prior to“any

i
i

test1ng for the purpose of allowing the systems to stab1]1ze before ca11brat1ng

the equipment. -In ca11brat1ng the system output both camera apertures for each

stereo pair were adjusted to provide the 50 un1ts;NTSC video when v1eW1ng the—.7}

reflectance target et:a distance of 223¢52kcm frem the camera pair. This tar-

get sensiti?ity 1eve1'was set and maintained throughout each”expehimentel -
In order to prov1de the same displayed image size of the tarqet at the

mon1tor, a 7.6.cm square target was p1aced 152 4 cm from the face of the stereo

E pair whlch yielded a 2. 5 cm square target d1sp]ayed on the mon1tor for the

- pu]ated to yield the same size d1sp1ayed target under the same cond1t1ons

"f1xed 1ens camera pair. The zoom lens on the COHU camera pair was then mani-

| Fo]low1ng equ1pment stab1]1zat1on and ca11brat1on the subJect was seated
at h1s stat1on (Figure 6-3) in front of the Fresne]] d1splay and was read a set
ofvstandard,1nstruct1ons (Append1x C) The SUbJect was then pos1t10ned 48 cm
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in frontkof the‘monitor‘facewand viewed the monitor at a 15° angle declined
from the horizontal. At this distance and anoie, subjects were capable of
viewing the display and of perceiving depth (stereopsis) at the Fresnell dis-
play.

At‘the start of each experimental trial, the subject's disolay‘was blank.
This enabled the ekperimenter to arrange the specified task conditions accord-
ing to the test schedule. The exoerimenter positibned both cylindrical targets

at predetermined positions at the task site. These were:

(Distance from Sensor Face)

Fixed Target . Movable Target
198.12 em 203.20-cm
223.52 cm 228.60 cm
‘248.92 cm o - 254.00 cm

At-the three ranges emp1oyed in the present experiment there"were‘dif-
ferent 11near d1spar1t1es between the 1mages being presented to the subject for
stereo cues. These can be ca1cu1ated by a formula discussed in Essex reports
(Reference 1). To determine Tinear disparity, D:
| " D= BK/C - BK/R

3 where B is the camera base]1ne d1stance Cy the convergence d1stance, and R,

'the range to the obJect being viewed. K is a constant determ1ned by the camera

f1e1d.of v1ew, K = RI/T where R 1s the range to the obJect v1ewed T, the
'-obJect s1ze and I, the 1mage s1ze of the oogect ‘as presented on the Fresne11
. screen In th1s case the va]ue of K was 11m1ted by the f1xed 1enses of the

“solid state cameras and was equa1 to 20 Therefore w1th a base11ne of 12.1

cm and convergence po1nt of 152.4 cm, the d15par1ty at the three tarqet pos1t1ons

b= 6?6
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were as fo]lowé: ,
| Target poSftion’] - .9271 cm disparity
Target position 2 - 1.2776 cm disparity
Target position 3 - 1.5596 cm disparity
| With both targets in their appropriéte‘pbsitions;‘%he experimenter
initiated the trial at his console which simultaneously initiated the subject's
| \
display and an automatic timing device as well as transferred control of the
target motion generator (TMG) to the subject. The sUbject waszrequired to move

the TMG target fore or aft to bringfﬁhe front faces of the cylinders into align-

ment. When‘thé subject'had determined alignment, he pushed a response key

which terminated his TV image and the timer. The experimenter recorded the
trial time and the alignment error value. The next target distance and start-
ing position was then set up by the experimenter and the procedure was repeated
| S ‘ '
until all test sequence blocks were completed.
6.3 EXPERIMENTAL DESIGN v
The independent variables manipulated during this testing were:
" Fixed target distances: 198,12 cm from camera baseline
e T e 223.52 cm from camera baseline P
248,92 cm from camera baseline ‘
Start1ng pos1t1ons of 203.2 cm from camera baseline
™G cy]1nder 228.6 cm from camera baseline
o 254.0 cm from camera baseline

Camera types: _ COHU Model 2000 (600 _horizontal lines)
' . ’~7‘GE solid state (188 hor1zonta1 11nes)

The fol]ow1ng var1ables were contro]]ed during the experxment

V1deo signal: Measured and ma1nta1ned such that at
‘ - target position 2 (223.52), the target
produced a video signal of 50 NTSC units
. as measured on a Tektronix type RM 529
: waveform mon1tor :

Target lighting: - Sufficient to provide the v1deo s1gna1 v
R e ‘ - as descr1bed above

6-7
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Camera field of view: 20 degrees (K = 20)
Camera convergence 152.4 cm during all testing.

6.4 TEST SUBJECTS h |

The five male subjects participating in this experiment'ranged in age from
20 to 48 years. Each'subject was screened for visual anomalies through the
Standard Orthorator examination, and each was found to have normal visual ac- .
quity and deptnmberception.;,Subjects' experience and background'were genenally
of a technical and engineering nature. Aii subjects had'partiCipated in prior
visual system experiments in the laboratory and had famiiiarity with the stand-
ard laboratory equipment ' i

‘Each of the five subgeéts performed the test under 18 different combina-
tions of target distances, camera types and initiai eomparison target starting
distences. Each eombination wasyrepeated twice for a total of 36 trials per
subject, and 180 triais in total. The camera type conditions were run in
counterbalanced blocks to control for any possible learning effects. The re-
’maining levels of variables studied were randomized within these blocks.
6.5 RESULTS - |

The dependent measures recorded during th1S experiment” were target align-
ment error and response time The target alignment error was defined as the
linear error measured across the face of both targets, tnelmovabie target
measured either in frontinf (+”enror), equei to (0 enror)”or behind (- error)
tthe fixed referente target Responée time was- the recorded intervai from the
t1me the task 51te was teiev1sed to the subJect to the time the subJect con-
troiied the TMG to perceived aiignment and terminated the display. '
| Given,the facts‘that the fieid of view, convergence angle and signai ‘
IeVeis,’es'weii'as Subject'seiection,,were‘al] closely controlled in this
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experiment, any significant differences in operator performance, in terms of

accuracy or response times, whould be attributable to the differences in the
camera resolution of the two systems invéstigéted. As pointed out, the CQHU
system was capable of resolving 600 horizontal Tines, while the GE system
could resolve 188 lines. Theee resolution figures represent the capabiiitiés
of the COHU and GE cameras used in the testing, not the resolution presented
to the subject on the Fresnell screen. However, both presentations were
decremented equally by the sysﬁeﬁ. -

The alignment error data collected in this experimeht were initially sub-
Jjected to an intermediate computer program which ca]celated the signed error
and the absolute value of that error for each trial. Each replication of a
trial was averaged to give a single Mean Response‘Time, Mean Signed Error and
Mean Abso]ufe Error. These values were then subjected to an analysis of
variance. In determining differences in target positioning perfdrmance as;

a fenction of camera type. the statistjca] comparisons of interest are the main
effects of camera type (C) and any interactions ihvelving camera;type:' |

The ana]ysie“of variance of response time shownvianab]e"6¥1 did not
result in a significant main effect of camera type so that no general differ-
ence in response time due to camera type is evident, Two,interactiens’with
camera type were found to reach the .05 level of significance. Thefinteraétidn‘
of camera type and fixed target range is 11]ustrated Figure 6-4. The ihter—
action takes the form of an increase in response time with f1xed target range
for the GE cameras but a decrease in time using the COHU cameras.- These‘data
suggest a mlnor decrement in performance as a result of u31ng the reduced
resolution GE- cameras The effect, however, depends on range and use of the

GE cameras 1n'an operational stereopticrsyStem‘wi1]~therefore have to be
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Table 6-1: Analysis of Variance of Response Time

SUM OF
SOURCE SQUARES
MEAN. 23545.08
CAMERA (C) 1.04
POSITION (P) 6.57
TARGET (T) 139.03
SUBJECTS (S) 182.76
P - 67.98
cT , 98.37
PT 406.72
cs 797.25.
PS 52.74
s | 188.88
cPT  22.81

- cps : 45.26
cTs 87.82
PTS  194.55

B R VNS

*x = .05 Level
** = 01 Level

Q.
n

MEAN
SQUARE

—d

0O 00 4= 00 00 b N N NN

—_ e
o o

23545.08

101

10.

196.

12
11

.04
29
.52
69
.99
19
.68

31

59
23.
.70

61

.66

98

.16
.15

515.31
0.01
0,51
2.94

6.01*

4.48*
8.36**

0.51
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evaluated in 1ight‘of the ranges to be encountered by the system.

For Response Time, a second interaction effect between camera type and
target starting position was found to be significant at the .05 level and is
111ustrated in Figure 6-5. The effect is similar to that of camera type and
variable target range. The GE cameras nesott‘in increased response time with
‘increased range when compared to the COHU cameras. The same conclusion applies
that operat1ng range should be cons1dered in evaluatine the GE cameras for use
in a scereopt1c system. o -

A further significant source of variance waswthezintehaction of variable -
target starting position and fixed target range. This effect is of 1itt1e
1nterest here since it results from the means employed to vary the fixed tar-
get posit1on and does not involve camera type. ’ .

The analysis of variance source table forksigned'enror is oresented as
Table 6-2. The effeCt of fixed target‘ranger(o<.05) was=the only significant
effect isolated. The effect is shown in Figure 6-5 where it may be seen that
positive mean error values were obtained for both cameraétypes indicating
that the controlled target was gehéha]]y posttioned at a greater range than
’that of the fiked target. Figure‘6-6 shows that this positive hias effect is
,reduced in magn1tude as range increases. Th1s effect, while statistically
;s1gn1f1cant, is not of pr1mary 1mportance since 1t does not involve differences
: between camera systems

The analysis of var1ance of absolute error is shown in Tab]e 6 3 Mean
abso]ute error is the most cruc1a1 dependent var1ab1e -in. the current context
‘s1nce it measures the degree of d1spers1on of target sett1ngs around the fixed

,K'target pos1t10nr As shown in Table 6- 3 none of the sources of var1ance were

“found to exert a statlst1ca11y re11ab1e effect on absolute error.
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Table 6-2:

SOURCE

MEAN
CAMERA
POSITION
TARGET
SUBJECTS
P
T

PT

cs

PS
TS
CPT
cPs
- CTS,

PTS.

B 3
o= ;OS‘Lévél

%k

.01 Leve]

<:]§JEESEE{153:S{;>

Analysis of Variance of Signed Error

SUM OF

92.

0.
17.
65.
31.
8.

8.

3.
75.
58.

29.;

28.
16.
29,
53,
58,

SQUARES
84
09
12

16

e

09

30 0

.95

MEAN
dF  SQUARE
1 92.84
B 0.
2 8.56
2 32.60
4 7.89
2 a2
2 4
s 0o
4 18
8 7.34
8 3.66
j4?; .7.07
8 2.12
s A
| 3.36
3.63

11.79

0.01

1.17
8.90%*

- 1.99

0.27

1.95 -

g
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Table 6-3: Analysis of Variance of Absolute Error

|

SUM OF

SOURCE SQUARES
MEAN | 239.92..
CAMERA 1.3
POSITION 2.11
TARGET 14.21
SUBJECTS 61.26
cP | 13.65
cT 2.32
T 9.88
cs 21.27
PS " 10.27
B 16.14
T 4.21
 _CPS e ‘ 45.53
TS 539
PSS 68.10
TS o232
* = .05 Level
*k =

.01 Level

dF

—

— -
(o)) [e)

MEAN

SQUARE

239

.22
.34
05 -
10 |
.31
.83
16
.47
.32
.28
.02
.05
.69
.67
.26
.44

6-16
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6.6 CONCLUSIONS

There is no indication of a significant decrement in operator performance
types. It would appear from the data that performante is more significantly
effected by interactions of target positions with camera types.

If the distance to the target from the two types of cameras is the prin- _
cipal reaspﬁ for increasing or decreasing response time, then for target ranges
below 225 cm, it can be seen that response time using thefso1id state sysfem
is significantly 1ower‘than for the vidicon system. One possible explanation
for the direction of thiS'effect is that the two camera systems:are not lin-
early sensitive to reffected;]ight. This would suggeSt; using'i/Dz, that the
solid stafe,system is less Seneitive to reflected fight‘asvdistahcesiincrease.
This now‘para11e1 sensitivity is put forth as a possible explanation in view
of .the results which show equ{va1ent response times at ﬁhe 225 cm dietence,
whichcwas the approximate,system calibration distance. A hardware performance
analysis of both Sysfems for several distances would be required ﬁo resplve
this particularvquestiop |

W1th the present data, it appears that the so11d state system. 1s prefer-
able for short d1stance a11gnment tasks,(or close in tasks- where depth judg-
ment is necessary, such as manipulation of spacecraft components. For align-
mepp of targets at distances greater,than 230 cm, human operator performance
seems to be enhanced with the vidiconﬁsystem; The'effects noted spggesfvthatf'
prior . task khow]edge‘is necessary for the appropriate»selection of a specific

type of camera system;"

EX s
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7.0 STEREOPTIC TV PARAMETER PROGRAM
7.1 PROGRAM OBJECTIVES o
Empirical teets of stereoptic TV system performance have been presented
in severa1 Essex reports (Ref. 1). These stud1es have examined, as inde-

pendent var1ab1es, several parameters of stereo systems 1nc1ud1nq the

following:

- Target-to-camera range

. Camera baseline

- Convergence ang1e

System ga1n

Field of view (mono and stereo)
Bandwidth

'Because a large number of variables will influence stereoptic depth’reso-
ldtion, empirical tests of all variable levels in combination becomes impracti-
cal. Furthermore, it,ShQU1d not be necessary to carry out extensive studies
sinceﬂéﬁéTytica1 work to geﬁéra]ize available empirical data should suffice.

The intent of the program to be described is to use empirjcal data on
stefeopfic disparity‘thresholds to predict the width of the stereo field of
view and the system range resolution as funct1ons of range. FOrwa particulaf
tesk or stereo system application, the two primary performance factors are
'tme stereo field of view width whicn w11] be dictated by the visual enve]ope
,fnecessary and the requ1red reso]ut1on at the work1ng range wh1ch resu1ts from
the,pos1txon1ng accuracy necessary. o

' The program logic assuhés that a certain ‘threshold valde’ef’retina1 dis-
par1ty due to 1mage charact er1st1cs is necessary for range 1ncrement detect1on

The program accep he parameters of a stereo system and calculates range

resoiut1on data u51ng ret1na1 d1spar1ty thresho]d data obta1ned from emp1r1ca1
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tests. The resoTUtion accuracy and stereo field of view width as functions

of range are then calculated.

7.2 PROGRAM INPUTS

The inputs which must be made for a run include:

 Monitor to eye viewing distance (in.)

Monitor dimension (in.)

~-Video system constant - K (in.)

Visual angle at operator's eye for vertical target

- detection based on empirical studies (rad.)

- Average interocular distance (in.)

- Retinal disparity at operator's eye for range increment
 detection based on empirical studies (rad.)

~ Maximum permissible value of linear d15par1ty based
~on empirical studies (in.)

°

Stereo camera baseline (in.)
Single camera field-of=view (deg.)
Camera convergence ang1e (deg )

7.3 PROGRAM QUTPUTS

The program accepts the inputs listed in Section 7.2 and substltutes

these in su1tab1e equations developed based on stereo TV system qeometry

Output values from these equations include:

~Besolvable horizontal increment {in.)

~ Horizontal resolution factor (d1mens1on1ess)v,_

Stereo exaggeration ratio (d1mens1on1ess)

|

- Range at which maximum permissible value of
' linear disparity occurs
 Range resolution factor (dimensionless)

Detectable range increment (in.)
Width of stereo field of view (in.)

7. 4 PROGRAM CALCULATIONS

 The program is set up to read any of severa] optlona] 1nput data sets

The output data are then ca]cu]ated based on 1nteqer 1nputs which control the

'program

7. 4 1 Input Var1ab1es

‘The program a]ways reads two 1nteger and 51x rea1 var1ab1es ca11ed 1,

7;2 T
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Iz, X1, X2, X3, X4, X5 and X6. These input data are coded in an 212, 6F.8.4

format so that the fields on an input card are as follows:

Col. Input Variable Format
1-2 I I2
3-4 I2 12
5-12 X1 F8.4
13-20 X2 F8.4
21-28 - X3 T F8.4
29-36 X4 . F8.4
37-44 X5 F8.4
45-52 X6 - F8.4

The variable I1 éontrb]s fhe meaning of X1 as follows:
If I1 =1 X1 is assumed to equal K (in.)
If 12 >1 X1 is assumed to equal Q (deg.)
Thus,,the program can be run by specifying either K or Q with I1 set to
’the proper value.

The variabie I2 controls the meaning of X4 as follows:

If ﬁZ =1 X4 is assumed to equal B (deg.)
If 12 = 2 X4 is assumed to equal R, (in.) |
If 12 =0 Re is not épecified X4 is blank and the program

will calculate R. so that the maximum linear dis-
parity value (dmi is obtained at maximum range (Rm) .

The variable X2 isiread{as the horizontal monitor dimeﬁsipnl(M - in.).
‘The‘variabie'XB is read as the stereo baseline (B - in.). The‘variable X5 is
:rgad as the maximum range at.whjchrstereo viéWing‘is required (Rm —'{h.);

The variable XG“%S read aSthe FO@TRAN variable RCHANkahich instructs the
pfogram to calculate system performance measures eVéry RCHANG‘inches from the

' conVergénce range (Rc) to the maximum range (Rm).
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7.4.2 Program Ca]cu]ationsz

The system variables dealt with are listed in Table 7-1. The equations
for calculation of output variables have been presented in earlier reports
(Ref. 2). The geometry of the stereoptic field of view is shown in Figure 7-1.

7.4.2.1 Single Camera Field of View and System Constant

These variables are obtained from input and the relationship:

(= _ M 7-1
ZTAN (G727 , S

If X1 is read as Q, K is calculated from equation 7-1.

7.4.2.2 Convergence Angle and Convergence Range

These variables are obtained from the relationship:

Ro=_ B | 7-2
¢ 2TAN (872) .

If X4 is read ds R, then B is cé]cﬂ]aféd from equatibn 7-2. If X2 is equa]
to zero, X4 is undefined. In this case, RC w: calculated so that maximum
linear disparity is obtained at maxwmum waﬁgg,‘ The;re]at1onsh1p used is:

BK
RC. :

w

'.7 4. 2 3 Qutput Var1ab1es Wh1ch Are Independent of Range

Fo]]ow1ng calculatiofi of input values, hor1zonta1 and vert1ca’ resolut1on

.factors are ca]cu]ated from:

=

i '-_-‘L’A" o S .
ry = =& . | o 7}4,;
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| ~ Table 7-1: Stereoptic System Variables
FORTRAN ~  SYMBOL ~ DEFINITION

LDISP (REAL) - d LINEAR DISPARITY ON MONITOR  (IN)
E ' ' DEO CONSTA K =
K (REAL) K- VIDEO C NT TAN 9/2 (IN)
L, VDIST (REAL) . L VIEWING DIST (IN)
M (REAL) M : MONITOR DIMENSION (IN) (HORIZONTAL)
LAMDAY (REAL) Ay HORIZONTAL VISUAL ANGLE FOR DETECTION (RAD)
LAMDAZ (REAL) 2% R VERTICAL VISUAL ANGLE FOR DETECTION (RAD)
A (REAL) -~ a INTEROCULAR DIST (IN)
THETAT (REAL). oT ~ THRESHOLD RETINAL DISPARITY (RAD)
M (REAL) = dy - MAX VALUE OF LINEAR DISPARITY (IN)
B (REAL) B STEREQ BASELINE (IN)
“RM - (REAL) = Ry MAX RANGE (IN)
RCHANG (REAL) -~ RCHANG RANGE INCREMENT FOR DO LOOP (IN)
~ OMEGAR (REAL) Q o SINGLE CAMERA ROV. (HORIZONTAL) (RAD)
_ OMEGAD  (REAL) = Q. - SINGLE CAMERA FOV. (HORIZONTAL) (DEG)
BETAD ~ (REAL) B ' CAMERA CONVERGENCE ANGLE (DEG) :
BETAR (REAL) B : . CAMERA CONVERGENCE ANGLE (RAD) -
Y RES (REAL) ry Y RESOLUTION FACTOR (DIMENSIONLESS) |
Z RES (REAL) r, Z RESOLUTION FACTOR (DIMENSIONLESS)
ETHETA ' (REAL) E EXAGGERATION RATIO (DIMENSIONLESS)
DELY ° (REAL) AY RESOLVABLE Y INCREMENT (IN)
DELZ (REAL) .Y A RESOLVABLE Z INCREMENT (IN)
CONLIM (REAL) C RANGE AT WHICH LIMITING DISPARITY OCCURS (IN)
RRES (REAL) P RANGE RESOLUTION FACTOR (DIMENSIONLESS)
DELR (REAL) AE DETECTABLE RANGE THCREMENT (IN) -
ANG 1 (REAL) a * ANGLE FROM INNER FOV LIMIT TO BASELINE (RAD) bq
ANG 2 (REAL) al * ANGLE FROM OUTER FOV LIMIT TO LOS NORMAL TO
. 2 , BASELINE (RAD) (1)
ANG 3 (REAL) a * ANGLE FROM INNER FOV LIMIT TO LOS NORMAL TO (1)
: o 3 - BASELINE (RAD) tq
F - {REAL) F * TAN OF oy (DIMENSIONLESS) :
RZERO (REAL) Ry * RANGE TO CROSSING POINT OF INNER FOV LIMITS (IN) ><
G ‘ (REAL) G * TAN OF o (DIMENSIONLESS)
WR1 (REAL) WRy * SHORT RANGE STEREO FOV WIDTH (IN)
WR2 (REAL) WRy * LONG RANGE STEREQ FOV WIDTH (IN)
R (REAL) WR ’ * SMALLER OF WRy AND WRp (IN}

* See Figure 7-1
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. Figire 7-1: STEREO SYSTEM GEOMETRY
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and:

2=k 7-5

The stereo exaggeration ratio (Eg) is calculated from:

E, = BK 7-6
0 La :

If 12 is set to a value other than zero, the maximum useable stereo range will
not generally equal thé range at which maximum dispakity is obtained. In

these cases, the latter parameter (c) is calculated from:
dm = BK _ BK 7-7

The above input and calculated variables are independent of range. The
program Tists these values including:

Viewing distance (in.)

Interocular distance {in.)

‘Horizontal resolution threshold (rad.)
Vertical resolution threshold (rad.)
‘Retinal disparity threshold (rad.)
‘Maximum Tinear disparity (in.)

System constant (in.)

Maximum stereo range (in.)
Monitor dimension (in.)
Convergence angle (deg.)

Convergence range (in.)

Stereo camera baseline (in.)

Single camera field of view (deg.)

Exaggeration ratio (dimensionless) .

Horizontal resolution factor (dimensionless)

Vertical resolution factor (dlmensvon1ess)

Range at which maximum linear disparity is obtained ( .)

7 4. 2 4 Output Variables Which Are Funct1ons of Range

The rema1n1ng var1ab1es of 1nterest are all functions of camera to target

- range. The,1n1t1a1 ca]cu]atlon of.these valuesv1s performed at the‘convergence

7-7
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range. Range is then incremented by RCHANG inches and the cglculations per-

formed again. When current range exceeds Ry, the iteration stops.

The resolvable horizontal increment is calculated from:
Ay = ryR | 7-8
The revolvable vertiggl increment is calculated from:‘
Az = raR 7-9

The range resolution factor is calculated from:

r - e i . R\ . ) . _
R’ﬁ%‘ , 710

The resolvable range increment is calculated from:
AR = rpR 7-11
Linear disparity is calculated from:

d=BK_BK | ‘ 7-12

The fémaining vafiab]és are associated with the width of the stereo‘fie1d of
~view. The general configuration of a two camera stereoptic systehtis shown
in Figure 7-1. The stereoptic field is bounded by the heavy lines in Figure
7-1. The field of view width‘can be determined by means of the three angles
ai,az, and o where:' k‘ | |

ot a = Q SR 713
: R 3 R : : ‘
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o+ =90 . 7-14

T A g
Therefore:

@, =90 - g--g- ' 7-16

a2=%_§, 7-17

a3=%+% 7-18

Ro is the shortest range at which stereo coverage is obtained. Ry is

calculated from:

Ro = B TANa 7-19

1

N

.The stereo field of view width is a discontinuous function of range. For
short ranges, the fie]d width is the distance between lines CB and CD. This
variable is called Wp where:

" WRy = 2(R-Ro) TANas- e 7-200

‘Beyond a ceftaﬂn range, thé:fiefd width is the distance between the lines BA
and DE. This variable is called Wpp where:

WR2 =B + 2R TANo, 2
WRj and WRszan be ca]cu]étéd'for any value of range and the fié]d width (Wp)
is the smaller of the two. The program,calcu]ates'wR] and WRZ at each range

7-9
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step and obtains}wR By means'of the following logic
0 if R <R, |
WR = WR'I i'f R ->Ro and NR] ﬁ_ WR2
Wpp if R>Ry and Wpy > Wps

At each Vajue,of range, the following variables are printed:

Range (in.)

Detectable horizontal separation (in.)
Detectable vertical separation (in.)
Range resolution factor (dimensionless)
Detectable range separation (in.)
Linear disparity (in.

Width of stereo field of view (in.)

7.5 PROGRAM OPERATION
A single run is made‘by'inc1uding 6 cards which define the following
fixed paramnters

. VInterocular distance. This parémeter is currently set
at 2.5 in.

e Visual angle threshold for horizontal resolution. This
value is presently set at .00175 rad. based on visual
system data for a 4.5 MHz system with S/N ratio > 20 db
and contrast ratio of approximately .75. If it is desir-
able to run the program for systems having other parameter
values, the appropriate visual angle thrésholds can be
determined from previous Essex visual system reports

. V1ew1ng distance. This parameter is presently set at
- 19 in. which is a typical value for stereo system tests.

Viewing distance may be changed as desired by modifying
- the card.

- # Maximum value of retinal disparity. This parametar is -
currently set at 1.09 in. based on a study of maximum dis-
parity tolerable to subjects and suff1c1ent1y small to L
permit rapid stereops1s

® Retinal disparity threshold. This parameter is currently
set at .00076 rad. based on past studies using the stere-
opt1c system ,
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e Visual angle threshold for vertical resolution. This value
is presently set at .00175 rad. assuming a 525 line system
and the system parameters presented in connection with
horizontal resolution.

Runs made to date have used the above parameter values.
The variable parameters include:

! System constant

. Single camera field of view
Convergence angle

~ Convergence range

" Monitor dimension

Stereo camera baseline

Maximum range o
Range increment for calculations.

These variéb1es are input under one of six cases shown in Table 7-2. As showh,”%'
11 may be set‘to 1 or 2 depending on whether the user wishes to input K or @
as X1. 12 may be set to 1 if the user wishes to input B as X4, may be set to
1 ieré is to be input as X4 or may be set to zero. If 12 equals zero, the
input»variab]e X4 is undefined. The program will then‘ca]cu1ate Re so as to
obtain linear disparity d equal to dy when R equals Rmi

Each variable parameter input card resu]ts in a rQn; Any numbér of cards
may be pfééed behind the program deck. ‘The program reads in input cakd,
€ca1cu1ates and prints the output variab]es‘which are independent of %énge.
Next, the do-loop for functions of range”is performed staf%ing at R. in. and

incrementing by'RCHANG in. At each iteration, range is tested. If range 154"

',JQ;IéSSithan Ry, the do-Toop continues. If range exceeds Ry, the dec-loop is

- terminated and the program reads the next input card. The upper limit of the
do-lbop is presently set at 500. The loop may terminate before range reaches
RM:if;
| Ry = R
- ™M C
“RerAve 2 90
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INPUT VARIABLE

coL. NO.
FORMAT

I

Iz .

12

¥

12

Table 7-2: Program Input Cases

X1 X2

5-12  13-20 21-28 29-36 37-44
F8.4 8.4 F8.4 F8.4 F8.4

K M
K M
KM
Q M
Q M
Q M

X3

X4

X5

X6
45-52
F8.4
RCHANG

RCHANG

 RCHANG

RCHANG
RCHANG

RCHANG

COMMENT

PROGRAM READS X1 AS K
AND X4 AS 8

PROGRAM READS X1 AS K
AND X4 AS R,

PROGRAM READS X1 AS K
AND CALCULATES R_ SO THAT
d = d AT Ry

PROGRAM READS X1 AS Q
AND X4 AS B

PROGRAM READS X1 AS Q
AND X4 AS R,

PROGRAM READS X1 AS
AND. CALCULATES R, SO THAT
d = d AT Ry

CXXISSH )
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In this case, it may be necessary to increase the upper limit.

A blank card should be,placed behind the last input card to terminate

the run.

7.6 SAMPLE PROGRAM RUN

To illustrate the operation of the program, seven runs were made with

stereo camera baseline varying from 10.2 cm to 25.4 cm (4 to 10 in.)., In-

creasing the baseline has the effect of reducing the size of the minimum

detectable range increment. In the current set of runs, the width of the

stereoptic field of view decreases slightly as baseline increases. This

results firom the fact that the convergence range was heid-constant at 200 cm

(78.8 in.). This causes the convergence angle to decrease as baseline in-

creases resulting in a reduction in stereo field width as baseline increases.

The stereo system parameter values used are listed below:

- Viewing distance

Interocular distance

Horizonta] resolution threshold
~ Vertical resolution threshold
: Dispafity Timit

- Disparity threshold

. Video constant (K)

~ Maximum range
- Monitor width

~ Convergence: range

Convergence angle

Baseline

48 cm
7 6.35 cm

.00175 rad.

.00175 rad.
2.77 cm -

.00076 rad.

~80.0 cm
304.8 cm

18.3 cm
200.2 cm -

varying from 2.9 to 7.2 degrees

varying from 10.2 to 25.4 cm
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o Single camera FOV | 13.04 degrees a
¢ Exaggeration ratio varying from 6.63wto 16.8 cm L
o Do-loop increment (RCHANG)  2.54 cm. ‘

The print-outs fdr these runs are shown as Appendix D. The resulting
data are plotted in Figures 7-2 and 7-3. Figure 7-2 shows the minimum ' é;
detectable range separation as a function of camera baseline with target-to-
ranée as the curve parametér. If the required range resolution at a partic- L
qlar range is known, these data could be used in se]ectihg a camera baseline.
Sterec field width is shown in Figure 7-3 as a function df camera baseline
with range as the curve parameter. Notice that field width is not strongly ! if
sensitive fo baseline for the fairly long convergence‘rangemused for these
funs. The irregular appearance of some of the FiguFe‘?éB'data is due to the | EE
fact that the function relating field width to system parameters contains |
diécontinuities which depéﬁd on the cross-over points of the lines of sight
which define the stereo fié]d. o ! k' T

In the current example, the effect of varuing baseline was inveStigated;
The program will bé used more generally to estab]ish parametef»requirements

based on the range reso]utibn and coverage necessary for manipulation tasks.

;;;;;
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DETECTABLE RANGE SEPARATION (IN.)
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Figure 7-2: DETECTABLE RANCE INCREMENT AS A FUNCTION OF BASELINE AND RANGE
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Figure 7-3: STEREO FIELD OF VIEW WIDTH AS A FUNCTION OF BASELINE AND RANGE
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APPENDIX A
' STANDARD INSTRUCTIONS - TEST S-1

The purpose of this test is to determine how well one can estimate the
range to objects using an artificially created three-dimensional cursor and
a Fresnell screen 3-D system. -

Prior to commencing testing, it is necessary that you become familiar
with the system used for 3-D viewing. Duejto the optica1 characteristics of
this system, it 1s necessary that your head be held in a limited area to en-
able viewing the scene in three dimensions. Look at the screen. There is
present]y a round, wh1te object 1ocated above the cursor in the center of the
screen. Pos1t1on your “head so ‘that 1t appears to be brightest and definitely
in three dimensions. This can be tested by cover1ng or closing one eye at a
time. If your head is correct]y pos1t1oned each eye will see the target
equally bright. Look at the screen from different head positions until you
clearly understand the limitations and requirements for stereo viewing . |
(Pausef)» |

fhere is a rectangular cursor which appears to be floating in space dis-
pTeyed on the screen. There are 3 control knobs located on the panel in front
- of you beneath the screen. The one on the 1eft-(point1ng) controls hp and
down movements of the cursor; the one on the right controls left and right
movements These w111 be used to orient the cursor so that 1t is on or im-
med1ate1y to the s1de of ‘the target when it 1s presented. (Show drawing.)
Try these contro1s, (Pause.) Any questions?

The knob in the middieécontrols the appahent in and out movement of the
‘Cursdr. “Try it. (Pause.)

A-1
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Prior to each test trial the screen will be blank. I will give you a
verbal "ready" and then turn on the TV presentation, showing you a target
which will vary in distance from the TV camera. Uéing these three controls,
you are to a1igh’the cursor so that it appears to you to be at the same dis-
tance from the camera as the target face when placed 1mmed{a%e1y on or to the
right of_the target. As soon as you Eévé aligned the cursor with the target,
you are to depress this button (Show sequence termination push button) and call
out the reading on the digital counter located above the Fresnell scfeen. I
will then set up new test parameters and repeat the test sequence.

There will be different noise;énd bandwidth conditions during the test
sequences. However, at no time Shduld the television screen lose horizontal
or vertica] hold. If you experienée what you believe are abnormal TV conditions,

please inform me and I will correct them.
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APPENDIX B
Standard Instructions

Color Discrimination Test, Phase 2

The purpose of this test 15 to determine how close two cq]ors can be to
each dthér‘and the difference still be discriminated using color television.

fo determine this Qé are going to show you several pairs of color chips on
this TV screen, two at a time. At the beginning of each test trial your TV
screen will be blank as it is now. I will then give you a verbal "Ready" and
turn on the screen, Tike tpis. (Turn on screen showing two obviously disparite
color chips.) You will thén look at the colors and determine if they are the
csame or different. As soon as you have decided, press this switch (show seq.
termination switch) aﬁd_cal] out your determination. Just call out “"same" or
"different." Pré§sing the switch will cause your screen to go blank again and
I will set up two more colors and we will do it again.

Do yod understand what you are supposed to do? (Pause) Any questions?

(Pause)

B-1



'you a verbal "ready" and turn on your screen. Th° ob]ect on the r1qht is

is stopped Try th1s contro1 (Pause ¥ Any quest1ons? _'~"

(ESSED)

~ APPENDIX. C
STANDARD INSTRUCTIONS - STEREO TEST S-2

| This test is des1gned to eva]uate the ab111ty to align obJects us1ng the
Fresnell te1evtslon viewing system A]though you have used the system before,
I want to go over several th1ngs wh1ch are 1mportant when us1ng the system
(Turn on d15p1ay showing s1ngle target ) S d : |
F1rst you must- pos1t1on your head such ‘that both eyes can see the ObJECt
w1th equa] br1ghtness and def1n1te stereo effect. You can test this by mov1ng
your head r1ght and 1eft not1ng that the 1mages become d1mmer 1n e1ther eye -

as your head is d1sp1aced from the center line of the screen - When properly

"'or1ented you should see the display equally br1ght with def1n1te stereo ef-
'.fect. Try,th1s and be sure you can achieve this effect. (Pause.) Any

questions?

In this test, at the beq1nn1ng, your screen w111 be b]ank I w1]1 q1ve

-suf1xed the obJect on the left can be moved towards and away fromeyou by turn-’
_‘lngkth1s sw1tch (Show three pos1t1on switch on contro]1er ) Turn1ng 1t to

.the left brings the ouject nearer, r1ght takes it away,and 1n the center 1t '

You are " when ‘the obJects are d1sp]ayed to move the one on the ]eft”so

"htthat it appears to be the same distance away from. you as the one on the right.

~cft1on sw1tch) your screen w111 go b]ank and 1 w111 set up a new tr1a1 cond1t1on

At no t1me should you exper1ence abnorma] TV cond1t1ons such as rol] over '

C 1

;
i
|
i
I

~;}Wnen you have done th1s you w111 depress this button (Show sequence term1na- =



’orisnow. At all times your TV picture should be as good as it 1s right now.

If you exper1ence any abnorma] cond1tions, 1nform me at once.

If there are no further qucst1ons we will beg1n.

o
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APPENDIX D - ANALYTICAL STEREOPTIC TV SYSTEM DESIGN PROGRAM



3-0”;‘

4FOR, IS HARK-HARK

T OHSAY -02116111,18 10 “6 ( 0)

USTORACF USED:

-xr»RNAL ?EFERENCES (BLOCK, NAME) o TR S el -
0003 'N[N]Q5 : i f G : S e e . s e e e g e e e 2 -
D04 - - NROUS- . Lo : » ‘ -
0ags - NIDZ2$ el e - S SEE, - -
GOl ATANT : : REEEOR O
a6a7T . SIN S e R b A S -
0o3a. o8 a : ' » b
Oyl NWRUS
‘g2 NSTOPY
' STDQA T ASSTGNNENT . (8LOCK, TYPE, RELATIVE LOCATION, NAMED .. .. ... - I .
006D 0DOGST 10F. - 0001 - 000626 112t - 0001 600630 1I3L- - 0g0t . 000635 11SL . 0000 80nass
Nsdarits) 00075 13F oogo 000076 14F 0600 nEo106 15F 0ooo 000116 16F S 0000 - Bo0N12Yy
GO S aU0 Y L8R B0 G D~ 000142 19F~—~—-~ooonm- BGDYS3 20F - - ~.-.0001.%-000653 -200k- - <— 22 D000-... DOD163
a9C5 S 0UoLVIL 22F oson . Lon20a 23F CBGED T DL0220 24F odon 000230 25F cnan oonzuey
0oGa  pGazuet 27F 0000 . 00N2S6 26F onon 0LN265 29F anop nan273 20f anpan Lo poo3n2
GO80 . 0as3rl 32F agoy - 0oN321 33F onoy 000507 3136 00un 0303405 - 3uF onoo 0092356
0r30 7 0Dn41s 34F oouo OOQ413 37F [d]s GLG%Y & 38F coon 000216 39fF acal gunale
D321 . D0ILLS S2L a2l gutloe S3L o041 0dP135 554 aooy pRN1S2 SEL 0901 200201
£231 053227 S8L. o0 GO0 R QJDOO7 A n.oee . DCDO-R DORIZT AT . orGs R 0ODGAS ANGL. L. 4000 ROJ0G04s
GOR0 RIDUINET ANGY poUn R 00D0G22 B 0CD0 R OGBJI2 7 BETAD unnp R DONG30 RFYVAR f090 R DOND3S
PBTAR NI DELR VOGO R DUNGHY DELY gcos R 0LODB2 DELZ aougy 3 oonarl o 4609 ° 000034
HI3I0RLDAIZST F GOC0 R NOUOS2 6 acnn . 1 oLLo3e 1 popo 1 pDhOY2 Il angn I 00M013
GLGLD R DITSI2 h GOGG R 30000 L 0C00 R DGOODY LAHDAY auon R 0ONONS LAMDAZ 00a R DGLLAU
Lonn & DULanz M GOUD & BLOO26 OMEGAD GCON R NLNI2S OMEGAR ouitd R pDODHEO R 0050 R poans3l
GUED A 00824 "RCHANS. = GOLDLR QUEE23 RM & e OODD R OGCHB&3 IRES .. ... QOUD B 95GIS1 HZERO L0030 # gonel1n
Coa0 7002805 VRIST 0G0 R QU055 WR uonD A CONOS3 W1 0000 R 0GOpSY WRZ oOoon R OQP0la
GOOD RLOOG0LS XD ga00 R OLODYI6 X3 G000 R DUDITT Xu 0o0ao R 430326 «S 000D R DQOnRD2}
C00] R .BODO3Z YRES - U300R 00CD33 ZRES :
c0130 1% e . oootco
G100 24 t 300400
t3100 34 S Goos00
0n1ac Tha 0 C gnuneon
U31T X I SR i e SRR ) e e a0uono ... .
00191 e D ¥ ronnartlux 141.-t*¢ STEREO ™ CALCULAIIGNS Wk /1) 0005900
G103 T o 10 -FORMATI212,6F8.44) ' 500081
a01nu g 13 FORMAT(1H-,6X,16HINPUT PARAMETERS) anaa01
g §e33 Gk Y4 FORYATIIH 516X, L6HVIENTNG DISTANUE o 14X F 9.5 42K o 2HINT Nfanoy
UaInG 104 15 FORMATILH "y 15X, 20HINTEROCULAR DISTANCE 4 10F 945 42X 4 2HIN) ghranny |
aoiny CPTE i 16 FORMATLIH 315X, 21HRESOLETLION TH°£<HOLDS) , e el L C.oaoono
DLI0 *|2¢~ 17 FORHAT()H 20X TSHHDRIZONTAL , 15X ¢F 945, 2X y3HRAD) gaunny
m . " - N N w " ¥ w L ETgn ey E L TR 4 B B0y ¢ £ 3 3 rx 3 57 i :

QAIN PROGR&M

DAVALDY DUO“‘S. ELANK CONHON‘Z) UDDDOU

CODE(ll 000657.

wl e B camd o e e et e s Hoar e e

B el R

RPN USRI UA SHEN- L IUU I SR

12F
L7F
21F
24LF
nr
35F
50U
57L

ANGZ

[ O

CONLIM
ETHETA

12

LDISP
RC
THETAT . oo ..
X1
X6




B

a0

N[ ET B USRS & § SR 18 ,FORPMHM .ZDX.BHVERIICAL 17Xe¥ 9.5 ZX.BNR&DI o e QOBOOY e o e

63310 TP INREIEES XL 19 FORMATAIH 15X, 19HDISPARLTY THRESHOLD,11X,F9. s.zx. HRAD) ' 000001

00113 A5 T 20 FORMATUIH y1SX,15HDISPARLITY LIMITY, 16X, F9 45y 2K ¢2HIND e PP ¢ L1 14111 3

CILEN e 21 FOAMAF (1H= 60y 1THSYSTEM PARA4£r=Rsa , e 00GDTi

EOLLS T AYs 22 FORMAT(LIH 15X ISHSYSTEMR CONSTANT 15X, F945, 2x PHIND | - e L e 00UG0)

515 3 - 18 0 23 FONMAT(IH 515X, 13HMAXTHMUM. RANGE 17X, F 945 42K, 2N1N1 : : 00000}

OOLLT. 19k st 39 FORMAT (MH .\Jx A3ANONTTOR WIDTH 1 TXyF 945 92X 2HIND.. B ¢T3 17727+ ) U

uni20: 20% . 24 FORMAT(LH ,15X, }THCONVERGENCE ANGLE 43 3%4F9. 542X, JHDEGI s ) a00001

001210 218 .. 25 FORMATAIH 415X, 1 THCONVERGENCE NANRE y13X F9u5,2X,2HIN) . oncci o e o OBJ001

0ni22-. 22% 26 FORMAT (IR ,15%, 3H3A‘LLINE.¢7X.F9.~.2X.JH1\) i ‘ oLuon?

60123 CU23a v 2 FEAMAT AN 415X, 1AHCANERA FOV, 20K 4F9.5,42X,340L6) SRR RITIR 1+ 1710} § |

apL2e o 2hw 26 FORMATUIHN 15X, 10HEXAGGERATION. RATIC, l’l.F?.aD : ‘ : onQoo)

TV B -2 PR 79 FORMATCUN (ASN;THHMINTHUA RESOLUTIONY . o oo - : RN 1 IV 1 | SRR

126 Q6w X0 FORMAT(IH 42UXy104HORTZONTAL 15X, F9.J,2x.?uln . ‘ R WIViR B

BRI 2. : YL FORMAT (AH 420X ,SHVERTICAL w1 TX3FS.542X,2HIN) c . 0Du001 4

POLIU o @le 2 L FORMAT (IH 315X ¢ 2ZHCONVERBENCE RANGE LIMIT, TX.F9. q.//) o 8045001

GOEYL o E e 33 FORHAT(7x.'D£1£CrAnlE',ZX.'DEyECIABIL‘.3X,'RANGF‘ UXy "DETECTARLEYy, S gmorol

UOL¥L 0 304 0 e BT W TDTH OF Y)Y o T ' . pooony

GRE42 - 31% 34 . FORMAT(7X, "HORTZONTALY, x.'VgRYILAL RESOLUTION - RANGE 9 SXp tLINEA - - oovonmmn . BOGROY - = e
BRI 3280 CUUBRY,TX,CSTEREGY) ‘ f ufo0o1

0n13%. 33 Lo 35 FORMAT-G1X§ *RANGE SEPERATION ‘EPERATION',BX.'FACIOR SEPARATION:-O:-- ... = 0nuddl -

Gores: LT ST sxSPARIIv'.zx,'FIELD OF VIEW*)Y . o arunoy

0136 3% 3e roRMAI(3x.'In',sx.'ru'.lux.'lw-'“ 91~'.9x.'1~'.ax.'IN',xxx.tiNr) o B 1 T i D

Lo135" 36% .0 T 3T FORMATULH ) ; g ophanal

JUL36 . ATe 0. 38 FORMAT(IH 3F5.1,2X,F8. Sy3X, ra.s 3X,F8.5,.3X, Fs.,,zx,ra 5.5!,F9.¢)~ SRR <[4 1T R . R

ToLr3e SR ¥ . € NMALUES-OF FIXED PARAHEI:RS : o . ¢oa6ol

i 39 REAL LDIs®,L - 3‘: . onutad

GOIND S L REAL K M LaMDAY,LANDAZ T T o IERSIN 11 17} §

COLNE . L LAMDAY L. J017S e , - e 004001 , :

002 CAZe WD TS TE1940 P e ’ ; anunon3 ; - ,

DuLL3 - N¥e - o n EIVIIST . Y g+ L e G TSR AP SUETIPRURI 11 137 1 14 ). SR e

UOL&EN e Gl AT 248 AR L ‘ - 004036

T L D THETAT z0.00076 : ‘ Lo : o , gnugro

UHARS L e T T M 2T o 69 o : I ‘ ' Jpaoy2

14y Wye o SV LAMDAZ T 0.00175 T B : : ‘ 00003y

uillgr 48% € READ SYSTEM PARKMETERS R : R pocotLy

0150 WEW T S0 REANCS IO X142, X2, xz,xs.xu.xs;xa e e it e it s o e e . GOOBYE

L6 S0, UM = X2 ; : o ‘ , 0pun?

Da1ed S1e ROTAI - B~ i & R e ' S o . ] 30003y

D15y s2% Rz x5 - SR ‘ ' . . oU003s

0018s 68w CRCHANG = e S E , Lo STl ' Go0040

DOVEET L Bk TFE11-10200,51, 52 : : onuouz ] .

a1y (A 51 K Tix T e e e e i L BOUOGT e

iod i 564 oL GMEGAR :MZ.BOATlNlMllzjntki) RN . ahgnsi

Jubi3 o BTN o OMEGAD T 57.295T8+O0MEGAR - ‘ . : Co . onGoe6t -

SOYTe 0 BEw L 60 Toosy L L ‘ ) ‘ 0N0063

JCITE o 59e 52 OMEGAD = X1 g 5 TR SR : EE G0J06S

SO TE g s L OMEGAR Y OHFGAD/ST 29578 | o o ' : U0ul6s

BULTT el o fd;-(MvCO<lOHEFA?IZ Dll/tZ.O*SIN(OHE AR12.0II i e : BOUBTD e e

Q1B - e2w 0 o0 83 IFLI2-1157, 5u.ss : T , ' : 80186 v

0233 83w . 54 BETAD XA | R ‘ . BT . uborre .

GaZon - Rl T LFTAR ‘BLTAH/SI.'“S?B . I ‘ , 0001y ‘ '

SRFIE T -E RL—(JOCOS(BETARIZ Grysez. G#SIN(BLTARIZ.DS! o S B P 1. 11 £ ¥

GOR0E ERE T G0 TO S , ; S , 000133

pa207 6T 58 bt su mﬁ_g T S O A L S S OO 17 I 1

LE2TO . el RETAR 2 U*A1Ab 3/L2.0¥RCHY ' o T G0D136




coz1y ..

LageER

G235

‘uaia2

en212
20213
Go214
21
(9216
GoRYy -
eo22g
Lodel.

(6222
fn223
ugzas
up22e
00238 -

R
(‘J: W2
92“.1'
250
0253
00255
00260
~u3,
{. G 6
HUYSS S
BOZTH
Q2T

0040t
133237
L3112
G315
onsza
COIY
QUssh
G Idg
it ddg
[H RS
ut3ze
d)j.J :
336
ug137
ULle?
Uridss
JuIuy
Lasus
FRRTY.S
COINT
b!}‘!:tv» .
clist
32
NN § 00
auisy
o336 ...
0n3se

s -
o tu e

AL
1087

T1*
724
“T3%

T4y
L TH e

15%
TT%
The.

e
8O
LR

oY

B3

Blie

BS®

e b

[ 56

‘ETH_IA
SCONLIM &

i B

58

w»E{EMD z

57.2957848ETAR .

YRES .2 LAMDAVSL/K

ZRES SLAMDAZ &L /K
FAB%RILIVDIST®A) :
(B*KSRCI/ (BSK=DHSRC D
&C-T0 58 -
RC T

i

“(Btwéan|y(0ntnn.a‘n»*-~_”-

BETAR = 2.0 &« ATAN(R/i2.5 & RC))
BETAD = &7, 29573 M BETARS v
GO TO 56 ' ’

WRITE “TNPUT PARAHETERS

MRTTEL0,12)

GODINT. ..

000182

- ODUYiss

wRITELH,13)
WRITLUE 14 VOIST

CHRITELL 41504

nee o

BT+
a8s

89e
ERE
F1¥

R Ee

933
SRS
95 ¥
6%

97s.

P«

99
LBy

it
1492w

1UZw

124%

TULe

thbe

1074
t0o#

1099
P13

111¥

iles

LI
Tliyx’
Srles
116w

117

21194
e BX .
Irhe
SN

£ A S
R L

e x'*‘( -

CWRITE(G,20)BETAD .

WRITFE(S,15)

wHITELLiy 17)LAHU&V
WRITE (s, 1")LAMDA’ ‘
HRIlL(b.!?)THETAT'”'”
WRITE(E ,2000M i «
WRITE(L4211] 1 e
WRITELE9220K 0 o
2DYTELE23IRM

WRITECEH.39) M

WRITELG 2

RC

CMRITENb, 2638 o

WRITE(L T ICHEGAD
uRITEib;&H)ETHE]A
WRETE (D, 2

HQIYE(b.JO)YR’b . (e . PO e

,UQITE(u.jJI7RES

SRITE (b ,32)CONLTM
WRITE(5,33)

WRIVE Lo,30)

MILITE (o, 3%

WATTL tny 10 : SRR

WRLYE (L, 3T

CALCULATIGN ©OF FUNCTIONS OF RANGE
0071208 121,500

Al = 1=-1

R RC. + GI‘RFHANB

CIFUR-SMIL10,210,50

110

CHZLRO R

ANGIZ i,

R

DELYZ R‘VQLS’” [

DELZZ R*2RES . L.
RRES‘([H“TAT*RI/(A ETMETA!
DELRZ R¥REES
LDISPSAB*KARCI- (34K /R)

¥ NIDTHO

naosaEy

I1dio

WEL 40 AL

4

¥ g HOVd

R e

LU | it b i okt - e ot td o b e ol 8 a1 St 8 A g e g b

S708~(BETAR/2.0)=0MEGARL2.0
ANG2ZCOMLGAR/ 24UV~ (BETAR/2,00)
INGIZ(UHCCARZZo NV (BETARZ 2.0
T SIRUANGZ)JCOSLANGD)

(SeSIREARSIIIZ12
STNAANG2I/ZCOSLANG2Y
FRAR-RZERDI2.0
Be(2e0 % R ¥ 3)

o0 % COSCANGL)D

G =

Wiz =

Erid

ot0161

‘aoc110

ueu1?Y

0CL201 —..

uduz212
apuz23
gno22s
0ou226
008227

GNyJatD
005246

0646254

UnGLZ 63
[HIRFA S

-.noL27s

IR

ueu30s

anG3is

uff31s
30u32u
vou3se
20U340
(INITRE S
ON.3354
ang3s2
0na370
andive
g0uhA3
§ag4rl
a0y L7
WhIATY
oogues3
onNub a0
aoubes
4angu 72
aguu12
0ousc?
aoLsor
a0uSly
anes2d
ufs2s
oous2s
gcas3l
angs3s
A0ub37
GLO543
00us4s
R0U547
nyssl
00udbe2

Cus715
200606
0D0s13

A

=

ST

%

- D0J233 e

.

-




_g3sT.

30362

Ga3e3s .

GO35Yy

U358
thEd 18
00371

00“92

OUQDQ,'
03435

126

iﬂm«

31k

el Sonails ur e il ¥ epc i R B
»:125‘--~-~-*-«vIF(HRl-HR2l31l.lll 12 —
WR WAL e B
60 TQ 113 - PR

127% -
1284

129%
130+

1326

7133
134

END . OF

112
113
114

118
120
200

COMPILATION:

O T T O RO

wR

w2

P Tt

RS PPy

: s HTERE Emmrin @
H I H i 3
1 B & ¥ 4
B ey S N St} ot b bt a2 onnii s e et hrat o b .

L8620

000623

e e DOUO2H

ngoe26

- ..000630 -

IFlR -RZERO) uu.uu.us RO S .
WR ‘= 0.0 0633
HRITECO43RIR,NELY, DELZyﬁRES DELP.LDISP.HR~-«~~—m S - GOUE TS e e morvmirecaim e+ s s ve e
CONTINUE ST T o 0nosss
SToP ’ e i i el D066
END 200656

NO DIAGNOSTICS. ~!- + o wnie- E- e a
T e e e m—n— ot et bt b paten sy s




1 : * !
|
L HMARYL MARSOUGMAPABS & ~ e i G s T L Tk — e - -
: MAPZERT RLTI-T D2/16/77 18:14:50 (4,0) o o - , .
! Yo LTINS MARK : . SR U U FE s
N "2 AL IB T BYSSYMSFCS Y T . . . ; :
_ADDRESS LIMITS.  0O0LI00D 014061 - -1 6682 IBANK WORDS: DECTMAL. oo touimiiiin il A _ SRR et ol peniaen s
SR T P R 040000 045163 2676 DBANK _WOROS DECIMAL T R : : ,
STARTING AGORESS 13203 v - o
o : . : CRE . e SR I g PP U USROS AR wmya o S
{ CSEGHENT LHALNS - 001003 014061 040000 DUS163 ‘ : AR
t NSHTCL/FORED $(1) . UO1G0D 001024 S
& NRGLKU/WSFEEIR 0 0 301 0 091028 QU117 #(0) 04G000 DannoY
o NRWNDS/FOR-E3 .~ s(l) 001120 0U1203 %(2) 940002 040013 : :
i - MUEFS/MSFCE3A o oo $(1) . 001204 001425 - -~ $42) - DHOOIE O40033 oo el
- HBOCVS/FOR=ET : 501) L0426 001556 . - $(2) - 40034 OuBYLE o T
5 NETCHY/FOR-E2 oL &4yy 7 061557 0C20410 . 8E2) Q80312 D4DEZE . Ll P
. NETUSIFOR=ER , RE 135 Coz2042 nO2064 : o o T ; :
ACNVMYS/FOREE sty 002065 02306 - $12)  p40126 DWpN222 ! S s
HOLOSHIMSFCE3B N D) CC2307 062554 - $42) 04223 (40251
EMBLKE/MEFLE F8a b i “$U1) 082655 D32733 -2 B40) .- -.0UG252 QUD253 - i e+ e i e 2
KBSILI/FUR-EZ - < 8Ly 1002734 002776 ‘ “ ‘ " :
o NHPIAL/FDYeS S $C1Y 0 u02771-003024 . o R e ‘ _ o
T M3F0GE . s S _ st 040254 042501 2 ,
OV NOTINL/MSFCE3A. oo . sl1) L3025 003324 .. .- &42) . Q42502 04250% e i QEE%; L e
\: NUBY S /MSFCETR. . = S01). - UD3326 305042 $(23 062506 042547 R g x;g% .
o NIGIRI/MEFCEE3 o o $01) .0 UC3043 DUS300 ..o $12) .. UH2555 OH2T4L . e e i , e e
i NINIME/MSFCESC, ) $4£1) . 00334l OUSSS3 T 3(2) Q42742 DYy2IUZ e ‘ ,
il R RILNE RAcsts ool 3! : $C1) .. 009534 DAT13T . $i2) GUZTN3 042776 , ; o |
: HFHTL/E0R-EY (1) GO7140 010022 $02) C42777° D42U53 -7
NFCIKE/USFCE3R S 84X - L1002 031031 §(2) ‘043054 043240 : daneEE
SR Sl T s30T  D11032 011032 $C4). 043241 043312 : %&;5 .
NTABL/RSECERA e s 1 covie BA2E. 0 D433LT OUSROZ L i e e s e e e el L
RERCOME/FBR-TEY. SRR XY ) 11033 DI1LY2 $02) 043453 043610 ‘ 73
FORVEOME/FGR=TES - : $(2) 043417 G43426 . . L '~v55%
FORZOMI/ASFCEDA ~ . : $02) 043427043433 &)
NERRSAMSFCESA . " 81 0 011313 011464 . . $(2) 043434 D4361G . AR ggga .
ERUS/4SFCEIT RS ' : |
NOBUFE/FARES o stl) 011465 011825 .. . . _ e - - — e e .
Ey LINZOSE/FOR-E3 0 s(1) | DI1526 D11662 $12) 043615 043637
k ATAYIZFORSY S $41) V0211663 Gl2066 .  $(2) 043640 043671 O
: NIER4/MSFCEIH SR Y 58 012067 Diz286 $02) _G43672 DU4DI3 ' !
! NISUFBAFOR~E L BRI 1§ 012267 012326 . 812} GU4014 048014
it UOMSYS (COMMONBLOCKY - 044015 044027
af HIMOINTTI/MSFLEIC . $U1).,..032327 013202..__%02)..._._gr4030 044510, — : : e 4 e
al R e ‘ - L S $(4)  uOMSYS ‘ .
e HUANKLCOMYGN (COMMONBLOCK ) o U L S - _ ) ’
e MARK ‘ o S SUL) ¢ DY3203 014061 340D Q44511 045153
; S T I A ST S 3t BLANK T COMMON
5755"?[4[ 3’54 : LEyﬁLNJI:JL ......... ...‘..;...._..,',..;:.f_..;.',,V.N..‘,u il et = e e S e e i b oo A e <6 cmet e e vt rnt - e ma ar b e eSOt + 3ot e atar & 2kt tr e o e
EXD Mas G ; - T '
i I A T PR T - . . . .




L-(

. P e e w L3 * hd a
B . . P - e v - i A ek e Ade d kLS e ey w ot B RN m wkb A B b
- i ey e e et e ——— i gt % . .
B .
Woes i e e A P N S S OSSPSR R S e ORI b okt bt b bt n e
v
v o
.
. . .
e PR wm i e e ¢ e 4w e S e o e . e it e e T T
.
JOTIR NS PV W LTI e — s g Jea— O P S
N .
@
w et e i iy 1 i e o0 [RRa e o et e b b 0 wieie s v ek s iwibe e e
3
= 5
SRS . A - . . _—
v
* .
“ ‘ PO - - e, - -
» .
i SR N - . . i
< . . »
Gl sy b e e Vel whd e = el L mn a4 e i ot A bbb hmbbagm s 4w iAW o bm e A R setm o eman e e 4o .. o
.
H . —in < . . "
k)
.
.
s RN - : - .
"
d
.. .
- PRI SR - . “ e . - .. i+ o s et e R b et o+ B S b b A b e b - .

-al



<
]

.

RAV 3

IN

73.8
19,8

808

3148

82.5

Ylel
35“-9
8548

35.8

8748
888

B¥ 48

N

21ek

HORIZCNTAL ; o .+00175  RAD
VERTICAL : 00175 RAD
DISPARITY THRESHOLD .00076  RAD
o L DISPARITY LIMIT 1409000 IN - - - - - -
.Sv»l{n PARANETERS i ~‘ B , )
SYSTCM cousrAvT ~J.A~@ St i 31050000 IN o ok -
BARIMUK fA&d5E: 120,00000 1IN :
CHOKTTOR WIDTHM . TeZ0Q0ND  IN s
CONVERGENCE ANGLE - 2.90779 DEG!
CONVERGENCE RANGE ' 78.80500 IN 1o
-~ BASELINE ol 4.0N006 IN
i - CAMERA- FOV , ~—~—_~«-~.~—’13 N3I960 1 DEG i i
EXAGGFRATION RATYY 12465263 .
MINIMUM RESOLUTION. : . - - R T
HORIZONTAL ToG0106 1IN
; VERTICAL ; 0 .c0R0e IN
»cow;.ns NCE | RANGE LIn.I ' 2uTa5%16) 0 T B
' dETECTA&LE, DETECTABLE 'RANGE ncrEcrAsLE , WIDTH OF
HORIZONTAL . VERTVICAL RESOLUYION RANGE LINEAR STERED
SEPERDATYION 'SEPERATION - FACTOR " SEPARATION OISPARITY  FJELD OF VIEW
N D AN IN N ; IN I
408318 »03318 .~ .00903 711627 - LCCGDOC 1797050 ' B
12423 RS 200915 «12980 02004 18.14820
408529 . L08529 . 400926 JTHB2G «03958 18,32550
L e0Eb3H4 «DBLIN L 00927 s TH6BY:! 05864 18.50279
~ARTHE «GB780 . . 0O%49 «TEST0 07728 18.68009
T EL eUBtNE T JLuven AT <09540.. 18,85728 O S - - -
S0 T3-S ERRRRF L) 15 SN 1 3 WEIHL2 11314 19.034468
£ 39057 JBIUST - 0uvsl +84367 «13045 19211927 -
09182 03162 - W TLYFS. . e BH3NS 14737 19.38927
09268 0568 - LOLGRA . - JBBING 16391 19.56657
09873 $0537%° «CIZ18Y - L$T370 e 18087 1974366 )
SO%4T9 QUINTI 01029 «92418°. 419587 19,92116 EEVO O S O S
R AT L U984 O N E w9448 6 e 21132 20.09645
e DN E9D +09b6490 .01052 JYEST $22644 20.,27578
e D798 ‘09790 1064 SOBBIY 24123 20.45304
R RLIE! «07931 -+013875 1.00823 «25570 20.63034"
«1ad3u? C w1867 w0108k 1.02994 «26987 20.807e4
RS U1 GUNMERRIE TS F1 B 1 & SR DYoL 205179 0o 23374 . L0l 20098495 . L e e e e o ot b '
Sskuy218 Ce19218 ~«01109 1.G7386 429733 - 21.156222
L0323 13323 01121 1.09616 S e31004 L 21432062
e 1029 12429 e 01132 1.11869 22368 . 21.51662
P PYIRE W 1052s SRS 5 § UGS PO TS U1 e23606 21469611
#1040 ISRz w0155 | d.ieh4y « 34894 21.671412
C Al ATYE s s PITSE LGOI e T L BT 30126 L 22,0487 - - —
e30951 PR NS & Te1118 P.21111 «37330 2z.72600 ‘
v - P U e DA e : : E~;;!

‘.INPUV PApAnﬁrens o

\.iti‘.SIEREO ru CALCULAIIONS

VIEWING DISTANCE : s
INTEROCULAR DISYANCE 2.50000
RESOLUTION THRESHOLODS . .-

19.00000 1IN

B et 1]

| £ 1 SRt BT

R pvA g—

it



T o
LS PN

107.8

112.8
L :l 1 1 ..'F.z
! 112.8
i 113.4
)l“sﬂ

i R
‘ 117.8
11%+3

5.8

. 103.5 N
‘ : JU;og N :
T ek1626%

11545

}l?.Bv

L el095T. .. 410957 . 1190, 1.23479.. . _ . 18511.____ 22.40330

« 11062
Cellted
#2227

«F1379

o1 1484

J115900

+11801
'll QQ?E'

el2118°
«1822% .

12329
12434
«12540

,-125“‘

«11062
«11273

L e11379
e lluny A
S 11890 Ses

11696
«11801

«d1%0G7

«12012:

W12118

e 2223 e

12329

12434

« 1254y

+ 126406

«91201
«01213
«01224
.01238
W 01247

« 01258 - —i
- +31270

L1281
2012953
eG13IY
«01316
« 01327 .
001559‘

- #01350

«0136 1
01373

1425869 «39669 22.58059

1.28283 JUOBUG 122475789 e e e b e e e

1.30719 41921 22493518

1.33179 L4305 23.11248 . i e e s e e

1.35661 44090 23.28978

136166~ o« H51 84~ — . 23,46707 o iy
. 1eu0€94 WU616D 23.64437

143245 7197 23.821¢66 e e i

1445819 S4B 196 23.9989%

148416 «432178 2u.17625% el e . N

1.510636 oE0142 - 24,35355

1053676 i o SLNID -l 206 5 3065 e rn et ot e

1.56344 52022 24.T70R 14

1.59033 1e652938 24.88544 - ST e aam

1461745 53838 25.06273

LebHHT79 B4T23 25424003,

‘ o ;
‘
’ <




RANGE
ik N

7849

418

dh B

#3,8
‘B8
9448
o 9.
! 8242

Q4.8
98,8
949
¥1e8
I8

e

1428

. TR

g
oAy

85.8

8548
748"

95-5

95 b

101.5 . .
1525

i e O, STEREQL-IV.CALCULATIONS aau b e e
INPUY PARAMETERS , ; ,
CMTEWING n!svanca : .. '19.00000  IN SRS IRRINES -
INTEROCULAR DISTANCE 2450000
~RESOLUTION THRESHOLDS. bt i SR e e -- s
' HORIZONTAL ~,.Dﬂl75 RAD
_ VERTICAL L .OB1TE  RAD - - ST - - E
DISPARITY THRESHOLD «0D076 ~ RAD
- DISPARLTY LIMIT. . 1+069000 IN - Vit - A S, . .
SY;?EH PARlH‘1ERS ‘ ‘ »
SYSTEM CONSTANT 31450000 IW- T
MAXIMUM KANGE 120.00000 1IN
HONITOR wIDTH 7420000 IN N E
U CONVERGENCE -ANGLE ©3.63420  DEG
!  CONVERBENCE RANGE . 78.80000° TN -
D BASELINE 5.000080 IN
“LCAMYRAFOV D e e e 3 3083960 DEG -~ et el oret 4 M p e e i o ket s St 4
CEXAGGERATIGH 05110 3.31579
RINIMUM RESOLUTION ; -
o Hu:l?uurnt"" 200106  IN
VERTICAL - 00106 IN .
canveae;uce RANGE LIHIT 173.318962 '
DETECTABLE DET[:IABLE“““wuNGE DETECTABLE WIDTH OF A o .
HORTZINVAL - VERTICAL ~RESOLUTION RANGE LINEAR STERED
SICERATION SEPEXRATION  “FACTOR SEPARATION DISCARITY. FIELD OF VIEW
TN ’ IN - IN IN IN N <
~Nazxls .08318 T Lnpr22 “«56930 L 00000 17.96442
SOBE2E L ORu23 00732 58384 02505 18.12894
.03329 «08529 e D074 +59856 LT 18.29347
L0425 08634 ~ « 00750 1247 «07330 19.45799
08740 RV «CO755% 62856 209656 18.52251
404845 LUBUNG . LDOYe® cEY3ny 11526 « .. LBLTBTOY - N - e o ey et i e
D89S LS L L0898 L W oulTT 65929 14142 18.95136
093557 e lTusS? L 400787 67493 « 16307 19.11608
L7162 T eU3162 Lo 00798 69076 L18421 19,.280061 :
09761 U268 «00825 s 10677 e 2488 19.44513 :
15373 09373 JOuslY « 12296 e2e58 19.6096% ' ‘
39479 JGINTY TeD0B23 73933 «24483 . 19.77412 R " .t : . N
fDHREN {19584 +G0832 . ,75%89. «26U415 19.938170
e 09EDY 28690 JouBa2 217263 26204 204103822
S O%T38 03796 T «TB9G6 30153 26426715
05531 JU950L o J00REN NATTYY +31963 2D0.43227
+ 13307 13037 «QUESY .. +8239% 33730 2D.59679
SILYL12 L ielBL12 aieieDOBT8 L 284143 35468 .. 20.76131. U S
S1U2T8 . Sa10218 S L0887 85909 <3766 20.52584 ;
PREYERE & 18223 < OLBYT «BT693 «3883p 21.09035 . - :
10429 213429 .o 0b9RE, «BI4RS . cHLULEN 21.2544a8
CeXUEIW T 13y 00915 «91316 +42057 - 21,4194}
Celabun S e13¢40 s 0U92Y 93155 3623 21.528353
eV h eI TEE . B9 33 L e 95003 WW5Y5E @Y GTHANS o e
$1da81 ellasil SO0942 S FHERD WHo663 21.%1298
‘ . ‘ ' + x [ € ¥ . i R FrOEEEY faertes
et R i i I i . —



R i [
1o L N 4 D O it i T VUi S O O
i

103ee «10987 - "L109ST - L00952.  L98783 . .. SHB139. . 22.,07750
10448 11062 11082 - «00961 - 1.0069% 49587 22.24202
'10508 : - e113168 ‘11168 T c0097° : l.OZbe «S1067 ‘ 22.“0655 e e R I T T

105.8 11273 «11273 1V L.00979 ©  1.0L45T5 55401 22.57107

#11379 + 11379 +00968- 1,06543 - «53769 22473559 el e

o 1148y 11484 +00998 1.08529 - «55112 22450012

‘1138 «11590 « 11590 «UI0CT - 1.10533 . . +56430 .. - 23.06460. i
10.8 o 11696 «11696 - 7 .D1016 1412555 «57728  23.22%16

§ 11,8 ,11801 _el¥Bal 1 «CI028  1,1459% 56997 2439368 L. . : .

4 112.8 £ 11907 011907 #3034 '1.16655 65245 €3,55821

’ 1i3.8 «12012.  .120%2 ;o 01043 1.18733 61472 23472273 - oL : e

1348 «12118: - 412118 . «DE0S3 1.20829 - 62678 23,8872% .

BA5 4R 2122237 00122237 0 L. 01062 122543 . 463863 . . 24,05017R. A C e e
Jb6e8 . 12329 w1733% 0 7 .0107) 1.25076 65027 24.21630
: 117+ 0 412634 CeN2H34 L D10ED 1427226 66172 24.36082
- 119.8 ¢ 12540 w254l .01089 1.29396 67297 264 .54535
119.6 W12646 lel2646 - +01D98 “1+31583 <684 GY 24.70927

;
o
=~
]
s .1

R . R o RIS . e SE e e S et be ot e mi b s ek e yed smn rm et g . v e aeee - s e e

T e s R UL S BN v e e N e by e ke s e e ey . e
-~
lws) [ ’
i i
— ¥
—
3 -
b § T S N S S U S T N S ,
i | ; . . - - oo .- - PR -
3
“ - - i . “old mienrad P L T P e e S et mion o e o s o s o0 o 28 0 = e oo —p . -
14 '
¥ ! ’
“r . . - PR - . e e TUT IS e etimteen Al A b vt e e e e At iy 510 e A e 00} i 5 it - -— A et mams s e e panat -y e
£
i -
. -
B
o
al - .- - -
V
e b e ot w48 w4 b et ot o ‘ DRt S U U
N
.
4

R



&

L wws.. STEREO TV .CALCULATIONS . #%%. . .. o i : - s ey o

{0 INPUT PARAMETERS : ; ; . o , ,
! : AR VIEWING DISTANCE S ..19.00000 IN. : S S TS R T
- e " INTEROCULAR DISTANCE - 2.5000G° . : T
IR . S RESOLLTION THRESHOLDS — R - O LS M- T § e b e i e i ettt e i 8 4 S e
- CUHORTZONTAL g .. «DELYS  RAD -
i VERTTCAL 7700175 RAD - , i
OISPARITY. THRECSHOLD oL e «BO0TE. RAD.

S DIGLPARITY LIMIT 1409000 IN PR L e .
CUSYSTEM PARAKETERS T j g G : ‘ ' ,
b , S SYSTEM CDONSTANT Dol e 314508000 IN e : ' e st e e

CMARIMDN RANSE. “ ~120.00000  IN
- MDKNITOR. wlOTH S . 7.20000 IN

’ CCONVERGENLE ANGLE 4436652 DEG
CONVERBENCE RANGE | 78,80000 IN
: BASILINE 0 5.00500 iN

CCAMERA FOV © - .- i 213403966, DEG s N T e i i o et el s e
EX3GGFRATION RATIO ¥ 3.97395 T
COMINIMUM. RESOLUTION - - i« ool o U T PR e el
O HOTZONTAL . L0010 Iy S G
, VEITICAL L L T LT e I, S
CONVERGENCE RANGE LIMIT W 4n272 Ve e : %Q;E%
: et ot et e e i i i — : Lo e e e e i s

SR e e L s gy e iy e e . emimataed S b e e ¢

N

- : DSTECTABLE DETECTABLE ~ WANGE ~ DETECTABLE . .. WIDTH OF R T %ﬂ@%
v CHORIZINTAL  VERTICAL —RESOLUTION - RANGE- - - LINEAR STERED

~> FANGE SEPEIATION SEPEIATIGN  FACTOR | SEPARATION DISPARITY FIELD OF VIEW. . ..
BTN oy B N IN IN IN

. ' Lo C e e . o - N . [O— S - . - e .._4;,..m PR VS 2«?.u"w._;«-.‘.—.x-—- e .... .- ) PN .-:.‘ .
79.4  .08318 ,03318 .cO6u cuTH4Y .oueae 17.9593% ’ LS S
73,8 .09023 L0010 48653 .03006 . 18.10116 . .2k

. 8048 «08529 +0U617 449880 405937 L 18,2629 t o I B
1.8 09574 .00£25 51122 05796 1841470 T PR R = £
w248 .080740 00633 .52384 - 11587 1856647 R s

BX.5 08845 ... «L3ELL .. (ODEWO .. . S836S3 .. J3431Y . QB.T7182H . wwxub“*mﬂ;wmeW_,w,vagggér,MW_ﬁ__,u_“
dgd 0 aDewsl 895y SOUG4E SSubuy $ 16370 18.,87001 : =
8548 JO335T . WD9usT «CUESE 256244 19368 19.02178 TR

BSe8 o W09152° 09152 «CG6B3 «57563 w221u6 15.17354
37.8 . 09268 e 0v268 JDU6T) «58897 + 24586 19432531
8303 L.09373 09373 00678 £50246 $27010 19.47703 S
CBI.E . LI9HT9 L L094T9 L WDBESE .. WAL6MTL . L2930 19452865 L Lyl e
: 30 D TS A2 a09584 «CUL9Y +62991 «2ieY8 1978062 \l
t 9Tak 9650 09690 .00701 b4356 «33955 19,9323 W
' §2.8 0 LA979% L0979 .00709 L55755 Ce36134 ‘20.08416 //
%)

<
i

SR T TR I 710 § R «Ua9n1 ©«D0717 67222 223358 . 20423593
SLATL- R JiTe Tk AREESEIS §o Ji 1)y S8 SG0T24 «6BERT R YN 20438770 ; s
FH0E . GILATE i RO e BOT I S T W 82502 L 2053547 NP o e e e e e e e
GELE W ld218 0077 (12218 1 .oUT4D “WT1591 45600 20469122 , ' : -
$7.8 5 L1D323 7 L10312% 0 U L.D0747 Se73077% w6596 . S 20,8430u0 S e
9348 S10429 0 L .10429 00755 L Tu579 48552 . I20.39477 T
BB L LISERM Y 01053n . DOTBY L ATEGYT AN P 2114654 co . ' ' :
FIZR w1063 e 10enl L0077 W 77639 252348 . 21,29831 f
10148 ., l..1a708 2 10746 e BOTTR L eT91TT o eSULS0 21 HS0L8 |
1a2e8 L1851 YL ELS U L00T85 L BATHYL - o 255996 ¢ 2160185

i

4

G




S s st 1
o e . : e [ pe e e
§ormetinng Rttt - . - . . - - -
P i e vt et e e e s ke i -

30348 1099 L e d05T . J00TY3 U eB219. . JSTTeT .20 75362 L. e e e =
T106.80 T L1062 S ed)0B2 0 ,00801° . .83913 58504 0 21,50%39 ' , : :
10545 .11163 C S ATR6E L I p08DE - o GBEB22L. 61208 D R2eBSTEE el o o e < g
10%%8 11273 «11273 <0016 +87146 +62881 © 22428992 :
10748 «11379 11379 . 00824 +B8786 4523 22436069 TN N N CUIECH
. 1349 »1148% ~11484 SOC331 290441 w6134 224512458 : ; ,
10348 s1I590. - - o11590 - - JCGBIY- i 92101 L L67717 22466823 e . i e i
113.8 7 L11696 11696 + 00847 . .9379§ #69270 22481600 e ' :
111.8 «11301 11501 TR LT 29545 « 10794 22,96777 T Rt T
112,73 11907 11907 +00862 «973213 72295 23.11954 :
113,48 212012 12012 » 00369 o9BSuG L7367 2302TE31 e i) e ) e e
114,87 .12118 L12118 00877 1.00691 75214 23.42308 : )
1156 - 412223 -~ -a12223 - +COBBS - 102452 —— . o 76E3E i 23.57UEK . ‘ ; : — —
1180 £ 12329 w12329 #0892 1.04233 « 74033 2372661 o S _
T8 217434 12434 © . 0L900 1.06022 NI 23.8783% e ‘ e
11348 - 212540 k2540 ~0O9uB 1+.07830 +BL787 24403015
11349 12646 12646 +00915 1.09653 SB2085 . 20418192

i

[REPRIRLN e et s T [ £ S B e PR e o 2 i b s 3
FEE RIS . e . . - v -
S, TP S I o e o g B SO SR B it < i iy e e eremy e w ey e v P .
" s “ i . — i .
o
i - paw w s Vi s - b v i e e e e . o -
P
: . “
.

[} . :
L DR : FACRE : " . . “ EondtE RISt RS (] s - . - P T e e e e o

i e e L X e — e - Uy A R : it et mnnon s < o4 e et o1
3
1
I o et e v o i 1o i e o o i 8 Rt e emom e — v i bmse g = e e L e

Hé
{

2 e L S e e L e - - I PSP R S

f




i - — 7
‘ " ..A»
o e WK L STERE S TN CALCGULATTONSS, (¥ 8 e e el e
‘ 1v°ut PA?AHEVE?S I U P < )
i VIEWING DISTANCE i L 19 4000 TN . - e -
i i INIEROCULAR DISTANCE 2450000 . N
= susiad RESOLUTION  THRESHOLDS i o mm s o i i m o i e - = e e i e ¢
Lo T HORLZONTAL . ,+L0175 RAD
VERITICAL o T 0015 RAD o o o T - T
DISPARLTY THRESHOLD ' ﬁf.00076 RAD
: ' DISPARLITY LIMIT S RTILT1.09000 0 IN U N P SO -
svsi;q PARAMETERS A K .
- RS SV“YEH CONSTANT woiivsom el 31050800 IN. - o e e e
HIMuM RANGE Y 1204003300 IN
uowxron wIDTH b e T 7.20000  IN .. I e S e
‘ CONVERGENCE ANSLE Tss . 5.D8636 DEG
! T CORVERGENCE RANGE . -0 oo 7880000 TN
: ' BALELIRE S S 1 7.00UCO XN
e e e GAMERAFOV- — AR —=-13.03360 - DEG. e s n e
EXAGGERATION RATIO - s S 4e64211
CMINIMUR RESOLUTTION 7ol e e - e
HORTZONTAL ' e . +00106 IN
- VERTICAL e .ON1C6 | IN - -
CONVEQGENCE RANGE LIMIT 7 129.08148
DEIECTAaLE DEPECIABLE RANGE - DETECTABLE - U Lo WIDTH OF ; -
HORIZINTAL VERTICAL RESOLUTION RANGE CLINEAR STERLO . . . ,
SEFERATION ~SEPERATION ~ FaCTOR  SEPARATION OISPARITY FIELD OF vIEW . ...
ING N IN ING IN N ¥ ' .
SIBeEL 0 G08%18 ) ﬁ.GBJlB L0516 - 40664 T IgUOON 17.95582 ‘ '
T8 JOEN2I L {au28 0 .p6aS23 41703 L eN38UT  :i}.D94ES .
28548l L DBE29Y e0RB29 7 L, 00529 1 442754 06926 18,23388%
CBYef . 1.0H334 405634 LDUS3IE |- 43819 1262 18437291
842.5 SLnRreall ol JU8TAG T L 00842 44897 «13518 16451195
B3R SOE9%6: o «0%846 . WCOSHT . 4499B3 16896 T T9MESDIB L. i eeihlae i e e e eee -
GaeB . «5BYSYIL 408951 S0O555 . .47G92 «19799 18,79001
8548 393577 409087 . JBUSE2 48210 S 22829 18.92508%
[ B%.8 09162 03162 «00568 . 249340 .?57901 19.06808
87.8 U968 09268 JOUSTS «5O485 425687 1%.20711
A3.8. . .D93T7Y Ce 09373 00582 LST64D 31612 19.34618
E3e8 . .;9u79 A 09479 L0568 52809 . . 434277 19.4E518 . :
F9n.8 L9558y SGPLIH. . L0DSYS . .53992 .35931 119,.52421
S iad 9597 207690 - JBUGLL i e5E5183 «39626 1 19.7567%25
92.4 09298 407796 .00608 s56397 $42215 119.902:8
9148 LOYTYL W 09%00 o G UDB1E 57613 NTRLY: 120434131
‘9.8 «18237 S13UD7 - 400621 | 7e58854 | W47227 26418335
95N L elullZ 1LY LW 30827 L L eB0102 0 4965 20431938 . e i e g emrm e
36,8 cwlo2i8 0 213718 : « 00634 +51363 .52033; “2D0.45841 ;
9749 . w10223 00 0 .13323 JCLBHD 262633 54362 20.59274% '
54,8 S1T429. 0 0 L10429 L GBOBYT T 463925, «S6E4Y. 26.73648
9.8 PRI S13834 «CUESH 65226 . +S4BB0O: 20487851
L0348 G 1UeHT 136407 «C06ET wB6SHO 461072 1 21.01455
P6).68 “.13145..nwm,1974a,m~7,.gnéGT,HL,f,bIasa-__~".53¢21.w;;-~21 15358 o . . : e iy i et 100
ﬂ‘.“ RS RVRI S-S | <1065 L. QUBT3 69205 65328 21429251



sy

110627
«11168°-
e1E273
«11379
©11434
11590
11696
~11E01
;$19q7
J12012
J12118
wr2223 .
J12326 -
-'12103'0 Co
12540
12666

CLUSI098T L

.‘.'109,51;
11082

«11273
« 11379
+11484
11593
+11696
+11801
«11937
Ssk2012
12118
«12223
sd222Y

el243y

12500
pl?b“b

i

!

«D05693

oL wDO680. . _o70852. . 4£7395
«DUSES

«71925
+ 73304

ebh9422
« 71410

L L R

2143164

21.57068
21.70971

ot g n

i e e e e e e 5
. 00699 74697 273362 21.84874 )
.G0736 +76102 75277 . 2198778 . . ool S . Ca
JOUTL3 2721520 $ 77157 22.12681 L
garyel o7B952 . . 79003 22.26584 - —
00726/ ¢ W80391 +BLE1S 22,.00u484 ,
.c0732" 81854 82595 22.54381 - e S
«00739 +63325 SB3HY 22.68294
< DOTHS « 84809 86061 2282199 . e S ,
D152 «B86306 BT749 22496101 '
200758 87818 e gBINIB e 23,10004 i i
+0G76% 89340 JOLC30 23,21900
00771 «90876 92641 23 3TBIL . .
00778 «92425 $IH716 23.51714
0078, +93983 95768 ‘23.6850618
o ST
-
. . )
USRS : - e eennvam grmn e i aar e
: : :

i

ENR o s e e
ke




192.4

Ce12451

‘ .;;w;,q,,,N.-',;nsjw;slegeu;lVHCALCULAIIONs;mxnl
' zunuv PARAHETERS : S
i ! VXEHING DISNNCE . 19.,00000: - IN .- b R :
. ,  INTEROCULAR DISTANCE 2550000 ——— ) ' -
RESOLUTION THRESHOLDS i e - .- NP
‘ CTHOITZONTAL . ,«00175  RAD ,
L MERTICAL 7t 200175 -RAD -
DISPARITY THRESHOLD i +00076 RAD
DISPARTITY LINIT ST 14690000 TN : cos
SYSTEM PARAMETERS : g
CSYSTEM CONSTANT - 31.50000 Tn - et e e s e S —
CUMART MM RANLE - 1204084300 IN
C MONTTOR JIDTH T.20008 IN -
- JCORVERGENCE: ANGLE 5481184  DEB
L CONVERGENCE "RANGE! 76.80000 IN
‘ BASELINE ~ i 8.00000 IN
. - CAMERA. FOV = .. e i 1 3003960 DED e e ek R UR S S S
EXASSERATION RATIO ‘ 5.30526
MINIMUM RESOLUTION :
Lo HORTZONTAL 37108 1IN
S VERTICAL . ~00106 1IN
,~c3~vzqc;~cs RANGE LIMIT 119 54632
] Y o s o R .' "
DETECTASLE - DETECTABLE  RANGE Jsrsctnata MIDTH OF .
5 HORIZINTAL  VERTICAL RESOLUTION  RANGE LINEAR .~ STEREO ,
P RANGE SIPERATION, SEPERATION ~ FACTOR = SEPARATION DISPARITY FIELD OF VIEW
Tv LIN : In AN IN OIN —= - IN
73.8 _+DB8318.  .,03318 00452 " e355RL G000 17.953¢5 :
7949 1:u33 Laf3u23 57 1 .36490 24007 13.080480 .
8048 0852 U529 »0Cke3 W 37410 +N7916: 18.20532 -
81.8 ;.J;J-u | «08634 . LCdhe9 a35342 a11728 “18433263 0
82,4 SDATHG. . 1.087H0 L .DOUTY #3923 15449 18.45895 g
83,8 CTBEWE o e O3d4 6. L BOREC D T e 40240 Lo 19081 ... [19.58526 i e e e e e e
I3 T 08951 S abB9E] GaNES 41205 $Z2627 18471154
8548 . . 09157 7 «09057 Congu92 «42183 «26091 19.5375%
Sfe8 »0%162 07162 _BL497 W37 226474 - 1B,9642) -
858 09268 J09168 30503 e HU1T3 32781 19.,9905%
48,4 09373 09473 WwRO58% . .45185 36013 19.21684
374 AT D479 CLBO518 7 L6204 #371TT Ll 19.34316 e S it s e e e
VU $39 438 a5 EY <fos2n; o LiH1243 42204 19.46947
9148 SIYHYD 03690 +00526 le4828% HE28T 15.59579
92,8 .J9795% TL 97198 <Cus32 49347 6248 19.72211
YR Le99ul e UITDL L0537 30416 $51140 0 T 19.84842
24.8  L10n0n7 «13307 SOUSHY JOIN9T . +53974.. 1997474
N ~.Jax1zm__-q101xz_~w~"sssu9m*;~*szsei «SETHO 20410105 - e en
9548 L0218 00 0 .10218 - «00555 - 453693 «59h6E 20.22737 ' .
97.8 212323 «12323 .00560 .sueds S eb2128 . 2D0.35368 R . B ‘
93,8 0 alg829 0 S10429 i} «0CE566 455935 S6UT2E 20446000
9948 «14u3% . 1083 .nu572 257073 67292 20460632
109,49 s1UBHT + 064G L6578 +58222 5797 2073263
1313 a1 TR, LA S Q058 e GBO38T W T225F i 20085895 L e e i
S RIE S s 0usey 611555 W THGEEY 20.98526




10368 wI0957 1.0 WR095T. 0 00595 L W61T739 . TIN22 .. 221410158 » , i

10048 0 911362 00 L1062 . 4DO6UY - 462935 +79339 21.23789 i R

10548 .0 a1 1168 _eidltiies +006066 .6u1“1'*"‘ 81612 T TREL3642Y b gt e o b il i L O S S

1058 a2y 11273 -0L612. 65360 83842 21.49083 ! S } :
«66589 «86031 o 21.61684 . B e S e e T

10743 L11379 «11379 +00618 "
10387 L1484 411484 +00623 «67830 .88179 21474316 RO o ST

105G 0 G1188D 0 J11680 . . .00629 - ,69083 - .90289 - 2186987 e PG K e g e s
110.8 . «11696 118695 J00635 . »T70347 «92360 . "21,99579 : . RIFEI , '

11148 Y & 111 RIS § 1115 +0GC64T! oT1623 - 494334 | | 22412211 S e e e
11248 « 11907 e 31937 s DOGYE! « 12930 e86353 22,2482 i )
1i3e8 w12012 e12012 « 00652 .1u2pa’ + 86356 2243704 el e L e
114,38 12108 . .12118 SeNU6SS’ 1.00285 © 22480105 ; ~ .

1158 818223 «12223 - .na66Y St 1eN21B0 - - 122462737 : o i
11604 - JLE329 7 LI232y 4006669 .18172. 1.04044 . 122475362
11780 12434 612434 . «DUBTS L7951 1.05875 1 22,96000
119.8 12543 ©+12540° - JoObK1 «B08T2° 7 1 07676 23400632
119449 “'156“6, +12646 00686 .82239 1.09446 11 23,132¢3

. B !
i - e e - g
— B a 3
e e ; s e B P WP X N U S A R
[ i
R . N
o | ! 5wl - . P
1 -
— ] !
~d ;]] - -
- -
- - Rt s s 1 et b e e, s s i o e e e Y 8. b 524 i b R s e b o e - e b oo 4 it v b < et e e e s
i + I ~
|
Pt R S e e e T PR et 11m + hm  pt a + mr. ert 4 oen  dbae = ek 8 7 vame wrim o
¥
i e i ko e w4 ovm2ee e —— L
. .
[
3 L " TR e e e e ’f,"‘r‘"ﬁ i wnd
i
e e e N N PRGSO S e~ FR—. Jo— P - -




Tasw

e e AR T
ot

#o

gL-C

RANGE
IN

T3.8

7.2
BD.8

31.8

820

8%.%

A48
8548

Bhaett

878
8348
8%«.9
Hde 8
918
9248

T8

EATY
i.3
9548

9748

9348
9.8
1d3.%

o e o ”
~ete  STEREG IV CALCULATIONS . #e%.. e e e e 1 i . . ;
1~=ur PARAMETERS _
: ~VIEWING DISTANCE . 19.,00000 IN e -
CINTERICULAR DISTANCE 2450000
. RESOLUTION THRESHOLDS G T e e ——— B
HOITZONTAL Le00LTS . RAD
VERTICAL T .00175 RAD - T
DISPARITY THRESHOLD < 00076 RAD
: L DIEPARITY LIMIT 1.,09000 1IN - - - -
SvsT M PARAMETERS . :
SR ULSNSTEM CONSTANT = 31eSBNN0 - IN i il e oo = S i
HAXLMUM wANSE 120.000C0 1IN
TMONITOR WIDTH® S 7.20008: IN -
_CONVERGENCE ANGLE . 6.53683 DEG
! L CONVERGENCE RANGE . TBB00CH  IN
- BASELINE ' : ‘9.00000 IN )
o . CANERA FOV i i i § 3483960 CDEG L S SV U WY S
CEXASSERATION RATIO : 5496342
MINITMUM. RESDLUTION - . - -
HORIZONTAL ',.00106 IN
VERTICAL 00106, IN . -
CDNVERGLNCE RANGE LIHIT xls.aaxn9_
nErEcIABLE' DETECTABLE RANGE DETECTASLE VIDTH OF P
HORIZINTAL . VERTICAL RESOLUTION ~ RANGE LINEAR " STEREOD
SECERATION. - SEPEIATION © 'FACTGR  SEPARATION DISPARLTY . FIELD CF VIEW
14 : In IN IN IN InN ‘ .
278318 +018313 » 04T «31624 .0ogoo 17.96300 '
-34423 09423 «DO4CE 32435 JOUEQP 18,.N6661
.08529 . «08529 .0pu12 .33253 .NasGs 12.18023
08534 03534 SOOuL7 «34082 « 13198 18.29385
03740 +C3 744 JoL422 34920 «172380 13.40746
CIBAYh U84 L JH0427 L a8575% Zlhbe S 18.52108 . S e e .
CIE9YY 3951 SeNluN 52 366217 25456 18,63470 -
» 09057 ¢ 03057 20437 «3T495 «29352 18,74831
J09162 + 09162 LO0uN2 +38375 +33159 18486193
$ 29258 e 03264 - L0044 T 439265 «36879 19.5755%
$29173 $GI3I3 - JCOHED w40164 U515 19.089186 .
« 39479 JAFUIV T L POUST 41074 JH8aTn L .19.20218 AT A e
LT 9534 20462 241994 HIENT 19.31640
237659 +0%:98 . L0Uu6B T eH2Y24 +56S4R 19.43001%
Z 3T «03736° 4 0D473 «HIBEY « 54276 19.,54763
239931, .33901 S w00478 S44EB15 $57532 19.65725° -
$1u037 » 13007 - . 50433 +45715 60721 19.77086
Cela112 «13112 . JOC4BS .. .48746 L eB3843 . 19.58448 e e e e e I
L10218 «10718 - 60493 S4T7727 56900 19.99810
W 10723 «19523 <OUk98" 43718 £ 69894 20411171
210479 13429 - ,C0502 49720 »72828 20.22533
PR 13EIh . .0B5UE 50731 « 75707 20433855
JliEan <1000 . C0513. 51753 $ 72522 2D 45256
PR STE C RIS & 12 - SOAG519 oo AS2TRG . a0 LT8Y 23456619 L -
e del #1251 . . 36524 53327 +62993 2067780

Py

P

e [




ey

RN . s [N iinsiny P [ e s ‘ : : e 7 I : i F Mo

¥y

I

1038 10957 o 1D9ST 0 JOUS29 Ll JSUBT9 .. WBEESD. .. 2079341, . , e e i e e
TUL0Ne8 L 411062 + 13062 . - 4DO53% . 455942 . + 089256 20.%0703, - : , ,
110548 11168 +111868 . -+D0O539 457015 91813 21.02065! S O SRR
119448 «11273 011273 <0054y D 58097 <, 94722 21413426 s ,
111078 11379 11379 » 00549 59190 1 496788 . 21424758 e e
10248 +11484 Cel1484 - ,DG55Y «60294 ,99202 21436150 :
T1Uv.8 11590 - e 11598 i .nusso__.»..6xuu1”“-,1.01515___*~r21.97§42, it e 2
(112.4 +11696 relln9s - 00864 " 462521 ]1.0390% 21.58873 : ‘
1118 <1180 511801 .0B569 aB3I665 T 1eNE1H 2Y.7623% - e L
112.8 «11947 J11%07  .0057% s64309 1e0aly2 21.81597 :
11342 ,12012 412012 7 .0p580 65983 B 106500 o 21492988 o Ll . .
Itu.8 «121114 lexla ‘ «DOSBS . 67127 1.12820 22404320 o] \
1158 <123 Lo 12223 LG OBS98 s - W BB30D - 114853 22.15682 - e s e e
TUNSeRs L3429 .12429 0 0085 NATYTY 1617049 22,27043 , '
T17.8 12434 12434 ,«00B30 ;- e70681° .. 1.19109 22.3BUGS e o Sl
1866 1 412540 « 12540 10 4 D065 71886 1421135 22.49767 f ;
11V F (128886 126406 1 .00610 - 673102 -7 1623127 . 22461128 . .een

P R B E o s Wi S e etar PERIEI, M e el by e dm s g e e b et e At
l
o
) i e e e - . — e R
v} : S
] n
— o — .
4o
N s ’ ’ .
R s et e o e e e o e e i e L L e e
i SR e s e ot i e i it o oe e -
v
L Z i . 2 e S S it et e - e e m e .
. ‘ i e T e e e i enemamie e v em v ot e e e i . an ’- -
4
.

A o e R . : e e T T T U U O




R ;;;V;m§gf!&w«Sl£R£0“TV@CALCULAIIONS__lit,;w_ﬁ_;“,. , e . -

1&901 PARAMETERS - , : ,
VIEWING DISTANCE : ©19.,00G00 Iw ' ; T
i . R INTEROCULAR DYUSTANCE = 2,50000 L
G L L RESOLUTLON. THRESHOLDS 1 v s i i e S -
. HORTZONTAL : .50115 RAG :
VERTICAL “e00175  RAPD , S e
olspanxrv—rnnssuo*o‘ «0N076 " RAD
DISPARITY LIMIT N 1.09000. IH s A U
 'SYSTEM PARAMETERS o : _ L '
e CSYSTIM-CONSTANT _“vbu,,.w.»w*_w_31 508003 . 4N e —- i e e
BARIMUY RANGL | 120460008 In
?; MOLWITOR WIOTH - S Te2030n 1IN
‘5 CONVERCENCE. ANGLE 726130 DEG
5 CONVERGINCE - RANGT 78.89000 “IN
J5 BASELINE 1 10,00003 1IN
CCAMERA FOV . o et i 13403960 - DEG el b e e e et e P L U S
L EXAGGERATION RATIO b6.63158
SRINTHUM RESOLUTTON
: O OHERIZONTAL L0n106 1IN
: CVERVICAL R S .001896 IN
CONVERGENGE RANGE L[HxI 108,3nx92'
lU ; ) N v ete—ac - . e evd e T v e P P W e St oy e e e A e R Ti Warews em oy s e e e L - u‘
S DEVECTABLE DETECTABLE Rnuss DETECTABLL : WIDTH OF
L HORTZINTAL VERTICAL RESOLUTTION ~~RANGE LINEAR STERED
RANGE SIPERATION ~SEPERATION.  FACYOR SEPARATION DISPSRITY FICLD OF VIEW
IN 7 T ING IN IN . INS IN Iu
7348 “03318 «03314d .f0361 w2BUES JNLOL0 17.95%7%
728 Ce3 23 LUe§23 0 JD03EE .29192 05009 13 .054E9
8.8 08529 «03529 | 00370 29928 «NYE IS 18.15562
31,8 L eDBEIY LUsedy L0037s «3L6L73 Llu661 18.25656
8748 CeDAETHA 7 0B THD Lonzan- kP TR .19311 1835749
2¥.8 S L0846 L WLBBGG . 003sd 30192 23652 18.,45643 . -
44,8 2 D345Y B985 Y Jenu3EY 32965 < 28284 18.55937
85.8 <9057 L9657 200393 w3347 032613 18,.,66030
8548 09162 091862 006358 345380 36842 18,76124
47.8 09208 «0326% L 0pen2 $35338 -, 41976 18.86217
33,8 $O9373 «09373 LO0437 .;una : ~45016 16.96311 ,
89.8 CXAMTG UFUTY 00812, 6967 CHE9E6T 19,6405
9.9 «DRBisY, SULBY o OUHLTG 1 377?u ... «R2B3N 19,16498
9144 e 395Y] «032693 e TIOY 2 «38632 1 +S5u639 15.,26592
GIB WAV TIE 5097986 w0425 39478 S6L307 1936665
: 219 MUTRB L0%401 L O0u30 Jh11333 65928 9. NETTD
§ 94,8 10097 Ce 10007 «D043s | S41198 0 57468 19,56873
: 95,8 0 WlO132 0 e 13012l (OO L e U 20T e e TUOE6 e 1 Qe BB IBE  i  ee e n meene
i 94,9 ,.1u~‘a #1018 de DKUY S42954 e 74332 1%.77060
¥748 JYiI32 1713523 00448 JU2ALE «1756h 19.87153
¥3.8 .,uuzv »12429 W0pus3 sHHTHY L 90920 19.97247
i 390800 T 1aN 8 w135 46 L0048 T LH5658 84115 Z20.07341
A 1139 L1061 213642 . 2,0Due7 SHBSTY P GET?2uS 20.17434
i I2008 il W lGT98 et 2T B L W O0%eT .. LHTEDE . W 90131E 2%,27528 )
& 13208 0 1usol S e 1-1-2 SN LR B e $93326 22.37621
i r : : —



T B s ARt ot S Se, oy S Sy S 0 S OO

L 1038, al0957. . ad0957. ... .o 00876 ... a49391 . . 96228 20.4171S
e 1093 <1162 . .11D62 . .0U4S0 | +50348 «99174 - . 20.57808 :
A 10548 o11168°' ' .1}168 T wB048S T WeS13N3. . 14D20E5 e 20ebTO02 ek s e e e e oo et s
e S1U4 48 L11273 «11273 « 00450 «522881 1.04892 . 1 28.77996 : .

! 137.38 211379 211379 00494 253271 . i1.07538 20088089 - .. oo Tl
Sy 10%.8 0 L1148 11494 + 00499 54264 Y 10224 T 2n.98163 '
o

1098 J11690 . . 011590 o= ¢OC5G3 - mimea 55266 1e12861.cnv21008276 —v : AT ORI

C11D.5 0 L 11698 11696 . 00506 .56273 1.15450 21.18370 .
111.8 . 4118J1 » 11301 206513 . 57298 1417993 2102BU6M - i L
112.8 $115997 « 11907 .00517" [e5B328 | 1e20491 21.38557 ~
113e87 e 12312 «l2ul2 .00522 T 59366 0 1,22545 21.48€5] S OS2 A
114.9 12109 o el2118 «0U526 CebO41W. 1425356 21.58744 . ' :
11548 e12223 $12223 200533 CeblHTY i1 2e27725 - . 21.68838 - : -~ : -
118,48 12229 W 12329 «OU525 | 462538 - 1.20G054 21.78932 1, ‘ N
R Y| 12434 e 12434y L« 0USHD . W63613 1630344 21.89025 . : . 4
11348 212540 a1254Q «00545 . L64E98 1.74595 © 21.99119 L
119.8 v12646 12646 «BO549 - ,65792 1306808 /.. 22409212

- . Sl s . —— - ——r— - —— e b il

i .
~nN -
—
s o e © e s b ek e oo e e L s A iy e e e 4180 g e e s ‘s . Sve e ettt e
¢ -
1
;
L
: |
I 5 B A LA — e
i
P '
i - - -
[
i g - s -
e D i e o e



