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‘PREFACE

This study was accomplished to suggest advanced computer image
generation (CIG) techniques which will exploit (the capab111t1es/11m1tat1ons
of the human visual perceptual processing system and improve® the tra1n1ng
effectiveness of visual s1mu1at1on systéms. The secondary obJect1ve of
this effort is to identify areas of basic perceptua] research that promise
to have s1gn1f1cant impact on<future CIG technology.’ This' report should
be of vaJue,to gnyone involved in real-time visudl simulation™ using com-_
putér image generat1on )

This study was berformed for the Air Force Human Resources Laboratory
under contract F33615-78-C-0020: Mr. Michael Nicol was the contract monitor
for the Air Force and Mr. Anthony J. Stenger was®the program manager for
Technology Service Corporation. Dr. James P. Thomas of the Un1vers1ty of
Callforn1a at Los Angeles and Dr. Myron Braunstein of the Un1vers1ty of « -
Ca]1forn1a at Irvine performed all the work in the perceptual area,

Mr. T1mothv A. Z1mmer11n contributed the material on CIG algorithms and

systems Wr. Thomas Murray of the University of California at Los Ange1es .-

~_ and Mr. Jack Schryver of the University of Ca11forn1a at Irv1ne perﬁgrmed

11terature search and prepared the summar1es f\‘
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* The infohmation is intended for computer image generation {CIG) system

\] 1. INTRODUCTION o N .

. This final report documents a study that.Technology Service

Corporafion (TSC) completed for the Air Force Human Resources Laboratory.

The report is structured to parallel the prégress of the individual project
phases. ) .. ' ‘
This first' section introduces the project end provides a summary by
discussing the project's objec%ive, approach, results, and recommendations.
The remaining seetjons present the findings of the project in greater detail.

4
designers, data base constructors, psychologists, and training personnel.

1 1 OBJECTIVES ) .

The study obJect1ves involve apdlying psycho]og1ca1 knowledge of
v1su31 perception to _improve real-time CIG simulators. The primary objec-
tive is to suggest and identify ZTE—ETEB;?thms for visual simulation that
improve the training effectiveness of CIG simulators. The secondary
objective is to.identify areas of basic research in visual perception’

that are significant for improving CIG technolegy

' The objectives of the project have been met. A numbe? of CIG
a]gor1thns are described in this report, most of which can be applied to
existing S1mu1ators with only s]1ght ‘modifications to the s1mu1ators basic
designs. Some a]go!gthms involve the scene and env1ronment mode]s and
require-no hardware modifications. A few algorithms 1mpact the display
requirements of future CIG simulators, . ¥

-

The algorithms were suggested g; observ1ng the perceptual Timitations

of existing CIG simulators. .The perceptual objectives were further met by

1. Categorizing the perceptual limitations into” common -~

perceptual areas according to their underiying per-
ceptua] mechanisms and areas of future research for
thefir potential so]ut1ons

L3

2. Ident1{y1ng four primary and three secondary areas of
perception that merit further research and experimen-.
tation because they show promise for understanding
and a]]ev1at1ng the perceptua] Timitations.

@y
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1.2 APPROACH )
The project proheeded‘in a sequence of three phases. The first

phase entailed observing existing ,CIG simulators. During the secend phase,
existing perceptual know]edge was studied in 1light of the capabilities and
T1m1tat1ons of existing CIG simulators. In the third phase, improved CIG
algoeithms were developed and relevant areas for further. perceptual research
were identified.

For the first phase, three major'manufacturers of CIG simuTators
were visited on site. Two psychologists with extensive backgrounds in
human visual 5erception, the TSC staff.of CIG engineers, and the manu-
facturers' personnel discussed and viewed the simulators. The dia]d@ue
involved the designers and users of the simulators. Based on the observa-
tions and intensive 1nterv1ews, a list of limitation areas was- drafted

The second phase involved both 1nterv1ews with recogn1zed experts -
in visual d@rcept1on re]at1ng to flight tra1n1ng and an extens1Ne liter-
ature search. ThlS phase was tied to the 11m1tat1on areas identified in
the first phase he limitations were researchedi in-depth tg verify their
effects and psycho]og1ca1 bases. The interviews and retrieved literature’
prov1ded a base Qf knowledge for building uﬁéroved algorithms and iderti-
fy1ng needed research Section 2 of this report describes Phases I.and II°-
and details the 1den§lf1ed limitation areas. Summar1e; ‘of the 1nterv1ewsy
and over 100 11teratu e items appear in Appendixes A and B, respectively.

The th1rd phase 1nvo]ved developing 1mproved and new CIG algor1thms
Based on TSC S 1ns1ght ifto current, CIG s1mu1ators, a]gor1thms were developed
to produce the appropr1ate d1sp1ay phenomena in a pract1ca1 way. Based on
perceptual knowledge, general performance goals and undes.vatle e"nr*c were

* defined. Some recommendat1ons are based on tentative conc]us1ons, and there

.is a_need for further app11ed research At issue are both the necessity for
implementing some a]gor1thms and the, re]at1ve merits of atternative
algorithms. The a]gor1thms are présented in Section 3, and the areas of

recommended research are described in Section 4. )




1.3 RESULTS

A®- intensive ana]ys1s oﬁ\ex1st1ng CIG s1mu1ators, including those
of the three major builders, defined 12 11m1tat1on areas:

1. Contrast Management and Aerial Perspect1ve .
. 2. Resolytion
3. Dynaﬁ;F\Range .

‘4. Directional I11um1nat1on Effects .

5. Raster Effects .

Vs, Color - ' ’

7. Level of Detail ‘) . 3 .

.8. Surface Definition

9. Perceived Flatness of the Display . } '
10. Minfmal Scene Content - = S . ;
11.

Size and Cont1nu1ty of the V1sua1 Field
12. Hybrid D1sp1ay and Update )
. While some 11m1tat1ons res1de in the available hardware others are

b'd

{
in the basi¢ approach “For” example, contrast management and -aerial perspec-

. tive are serious 11m1tations in existing simulators. No atmospheric atten-

uation and scatter1ng model is used in the simulaters except for bad weather
cond1t1ons (e g., fog, c]ouds), and the resu1t1ng percept1ons are signifi-’
cant]y degraded As in some of the other limitation areas, several solutions
are possible. These are addressed in Section 3 in tenns of 1mproved a]go-
r1thms, but the available perceptua] know1edge_prov1ded in Section 2 is
needed to understand the full effect of and, potential solutigps for these
TimitatYons. - . / \

Many of the Timitations are perceptua11y re]ated and compound the
éffects of single limitation areas. For examp1e,_apparent size, depth,

and motion are 1ntr1ns1ca11y re]ated although not directly correlated to

“one another, S1ze, shape " and surface-normal direction are also c]ose]y

related. The limitation areas, singly and jointly, produce: percethaV i
inaccuracies in the trainee's response. The f1nd1ngs reported in the ’ ’
literature help to identify both the interactions and the potent1a1

solutions or improvements.
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Table 1 presents the major areas of improved algorithms as related -
to the 11m1tat1op areas.< These-areas for improvement involve the basic
a]gor1thm free d651gn parameters that need to be opt1m1zed and basic
performance goa]s
tions in order to be applicable to existing simulators.
the objéctires (basically in'scene comp]ex1ty and reftection modeling<-e.q.,

The majority of the ideas need only simplegnodifica-
However, some of

shadows, specular) may. be beyond the capab111ty of current approaches.

/~7§.so there are
hybrid o1sp1ays) that
‘can be removed or mitigated.

fhe‘limitationScof CfG simulators provide different focuses, for ’

The basic polygon approach can definitely be 1mproved
limitations in the current display appreaches (e g.,
evaluatihg perceptua1 knowledge and improved algorithms. This information
can aid others that are interested in improving CIG techno]ogy The percep-
tual knowledge in the 1nterv1ews and literature prov1des 1ns1ght for require-

‘The 1mproved a]gor1thms provide

¢

gents and underlying perceptual phenomena.
approaches for reso]v1ng the 11m1tat1ons

1.4 RECOMMENDATIONS v
. \
> The most important purpose of this report.is. to identify ways to |

improve CIG simulators. One way to accomplish this Jis to havé designers

and users read this information and make concrete suggest1ons Another way

is to’ 1ncorporate a. moderate number of thé/ndeas into future procurements

as,performance specifications, s A third approach, which is mqst applicable , -

to this-program, is to research the improved techniques-and underlying per-
ceptions  in order to 5udge effettiveness and relative merit. A1l three
approaches should be pursued. ' - ‘ , .

The spec1f1c research areas 1dent1fﬁed in Sect1on 4 shou]d be- con-
sidered For immediate study,. Since there are severak‘somewhat related areas,
the research shou]d a]so cansider theiv 1nteract1on Re]at1ng the psycho-
logical and phys1o]og1ca1 understandings of perception to the study of tone
application methods is a basic way tofdeve]op adequate visuat perceptions
in CIG simulators. At issue are both how the human visua]‘syétem operates
and how to build effective CIG simulators. d o

- T : '
o
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TABLE 1. LIST OF IMPROVED ALGORITHMS' -
R Limitaﬁtion Areas
Algorithms N B ‘ N .
. 12 :} 4 5.6 7.8 9 10-11 132
» Aliasing Controls L - ~
Gaussian impuise response X X, X_- X
Frame/field conditions X X . 4 X
Hybrid' pictureﬁfecfs X . N :
. J . i \%
e Scene and Environment ModéT's - .
v Atmospheric attenuation : ) ' . ,t
+ and scattering X X X o X KX X
‘Toﬁe app]icatjon'metho(ds : ' X - X X
Reflection models X ’, - X X
. Ao o -
/ Level-of:detail controls | X~ X - . XX X
. 0y M 0 M P-4
. \ \ - R
* R LA " 'y -
. e Display -Propeities - - s
. . R . . R sy \ ) N .
\ - Djspiay face o X % X, X i
Teoes ,Con‘tra§:1; manégEmEn‘E A lex % X j -
"y - . s, ‘ X 4 . "
. Future Algorithms . . ,
High density of feat“y'rés" m e X XX X |
- Reflection modets - X X % X
' l s - T~
/7’ -,
v . -, . .
4 .. s
‘ " r . . . .
< P
. . 11
~ ‘\ l.’r) . .
P A
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The areas recommended for fdrther reséarch rom both perceptua1

* and algorithm standpoints are 11sted in Table 2 and briefly descr1bed

in the fo110w1ng paragraphs

A TABLE 2.

* .

AREAS FOR FURTHER RESEARCH

‘ ——

+ Percéption-Based

- Algorithm-Based

. Aéria1_perspacfive > Smooth shading
: J Textara Texture shading
Shadows‘ £ Shaaaws
. ' Specular reflection ;Genera1_ref1ectﬁqn
' . ' Contrast management

-

Although aerial perspective is widefy'acbepted as a basic cue to ,
relative distance, virtually no research has been performed to assess its

v+ actual importance.

It is an obvious candidate for inclusion in CIG because

it-is’easy to simulate.

Thus, its true effectiveness should -be 1nvest1§ated

Ao important quest1on is whether aerial perspective interacts with and
enhances the effect of texture. . o ‘
There is little research on the effect1veness of tekture in dynamic

scenes.

. examined.

Also, the effectiveness of three-dim fsional texture needs to be
Relative motion within the m1crostructure of the texture might .

be very important.

~

As mentioned above the 1nteract1on of texture and
aerial perspective should also be investigated. S o
_ The shadows’ cqgated by ‘directional illumination are, in theory,
r1ch source of information to a moving observer. There is re1at1we motion
between the gbject and its shadow, and object and shadow undéergo d1ffe(ant
Since both of these factors’are
possible sources of information to theﬂviewer; the1r actual importance needs

»  to be established by research.

shape transformations as the viewer moves.

- \
P

12 :
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: R c . .
JIn theory, specular reflections can provide information about

relative motjon, surface definition and or1entat1on and re]at1ve dis-
. tance. How ver, research is needed to establish the1r actua] 1mportance
Gouvnaud (or smooth) shading is the common shading technique of .
current simulators. However, Goyraud shading results in an 1mproper '
tonal perspective. The 1nverse—range shading technique recommended for )
development’ corrdcts this perceptual shortcom1ng ,
The use of contrast management te maintain the display energy -
'requirements within device limits has significant benefits. The exper-
imental results, which indicate that differential filters reduce the
«$  energy output requirement for a given contrast perception, should be

extended. ' “ - .




2. PERCEPTUAL LIMITATIONS OF EXISTING CIG SIMULATORS

, The project was broken into two phases to investigate and determine
poss1b1e solutions for the perceptual limitations of existing CIG simulators.
Dur1ng/5hase I, a study of.existing CIG simulators was conducted. Several
visits were made to sites of current advanced systems, and designers. and
use}E of these systems were 1nterv1ewed Two psychologists used the data,
gathered from these‘act1v1t1es along with their backgrounds [in yjsual
perception to 1dent1fy 12 11m1tat10n areas: ‘

1. Contras& Maragement and Aer)a1 Perspect1ve L
2. Reso1ut10n .

o . - he
3. Dynam1c Range C .

4, D1rect1ona1 I11umination Effects
‘s, Raster Effects
6. Color . //
Level of Detail
Surface Definition
. 9. Perceived Flatness of the Display
10: Minimal Scene Content .
11. Size and‘Continuity of the Visual Field
12. Hybrid Display and Update. - .
Although these areas may over]ap somewhat, they represent the comp]ete
spectrum of 11m1tat1on areas in existing CIG simulators..
The purpose of Phase II was to consolidate and categorize current
&perceptua1 knowledge as it applies to CIG display prob1ems/11m1tattons .
identified in Phase I Theﬁghase I work was conducted in* two parts ~
1) ‘the 1dent1f1ed ]1m1tat1ons were discussed with experts ip the respec-
tive f1e1ds to identify areas of 1nvest1gat1on and to propose possible
solutions, and 2) a ‘searth of the ava11ab1e Titerature was conducted to
identify entia fonnat1on/mechan1sms that might be f§9}01tEd to solve
- each of the problem areas - -
The 1nvest1gat1ons undertaken in Phase II are br1ef1y described as
fol]ows . . . #




Consul tations with Experts. Consultants were interviewed at cne

aerospace company and four universities:

a. Conrad Kraft, Boeing Aerospace Company. (Severa] _
additional members of the Crew Systems Division . (,

_part1c1pated in this interview.)
Herschel Le1bow1tz, Pennsylvania State Un1vers1ty

L3

b

c. Allen Pantle, M1am1 University

d. Tarow Indow, University of California, Irvine
e

Walter Gogel, University of California, Santa Barbara.

12

. The general format of the interviews was as follows. Prior to the
interview, each consultant was sent written materials on the purpoeekof the
study and on the Timitations observed during Phase I. These materials in-
c]uqed the statement of work for the'program and the trip reports from,
visits tg dssess various displays. The 1atter included not only &escrip-
tions of the 1imitation§ observed, but also tehtative analyses of the
psychophysical procesées invoived. During each interviev, the consu]tant
was queried about the 1imitati§ns relevant to his expertise in order to '
develop and refine the psychophysica1 analysis and t&.identify relevant_
Titerature sdurces. The interviews were suffieient1y open-ended and the -
consultants sufficiently experienced and knowledgeable that informationy
about additional Timitations was vo]unteered and alternative psychophys1ca1
analyses proposed. ) oo

TSC used the resu1ts of the interviews to prepare the descriptions
of observed 1jmitations and. the psychophysical aﬁa]yses of these limitations,

to select .the Titerature to be reviewed, and to formu)ate the recommendatioﬁs.

Detailed sunmaries of the 1nterv1ew§f§re given in the individual reports
provided in‘Appendix A. \ . N
L1terature &ummar1e§\ More than 100 art1c1es were reviewed during *
the literature search portion of the investigation. *Each resu1z1ng summary
n of its

comprises a separate review of ‘the document/article, a discussi
re]evance to the spec1f1c limitation, and its implication as a solution
.to the 11m1tat1on The 11terature summaries are in Appendix B, arranged
‘ accord1ng to the 12 limitation-areas. ’

ot
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. are common1y recogn1zed as cues to distance percept1on

‘thé‘fbﬂowtnwbsections discuss the 12 limitation areas defined
by Phase I:* Each 1im} ation area provides a perceptua11y concrete and

acoherent focus for further work. ,Thus, while some areas are re1ated,

each is resoived-independent1y in order to focus on the basic perceptual
Timitation. Incadd1t1on, the material “presented makes use of the know-
ledge gained through«the literature search of Phase II. ' That is,
information from the Phase Il 1nvest1gat1on that concerns psychological
bases for the 11m1tat1on areas, areas of perceptua1 research, and possible
solutions has been 1ncorpqrated 1nto the discussion.

<

2.1 CONTRAST MANAGEMENT AND AERIAL PERSPECTIVE .
Several d1fferent prob]ems can be grouped together because a combin-

at1on of contrast management antt aerial perspective can be used to mitigate -
them Contrast management refers to contro111ng the appearance of an obaect
by man1pu1at1ng}1ts phys1ca1 contrast. A certain amount of this man1pu1at1on
can be accompTished in the "model or data base. Othen\manipu1ations require’
real - t1me computation and can _be accomplished by introducing aerial perspec-
tive. Aer1a1 perspect1ue/T§/advantageous in that it makes its own direct
contributions to realism and perceptua} validity as well as contr1but1ng
to contrast management. | /

| Aerial perspect1ve refers to changes ip contrast and hue which are
normally produced by the atmosphere. _The 1ight which a viewer receives
from a distant object is altered in two ways: 1) a portion of it is
absorbed by the atmosphere, and 2) a portion of it is scattered. The
scatter1ng reduces the 11ght signal from the distant object and also
creates a ve111ng 111um1nat1on that reduces contqast and saturation.
“-Both forms-of alteration are wav 1e§gth selective and their magnitudes
increase with viewing distance. iThus, anzabject's contrast, hue, and
saturation are altered as a function of viewing distance. These shifts
;

One prob1em in this group involves point light sources which recede

into the distance. The lights edging a runway provide a prime example in.

* that beyond a certain distance they appear to grow larger and brighter with
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increasing distance. Or, alternatively, they appear to r1se rert1ca11y

{ rather than recede into the d1s€ance, thus caus1ng the runway to “stand up."
It must be noted that runways tend to "stand up" at night under natura]
viewing conditions, as they do in the simulator. Simitar prob1ems occun
whenever there is a string of uniformly spaced lights of equa] size and.-
intensity, such as street lights. The problem is’ exaggerated by. the g}mu-
1ator and stems partly from the 1imited reso1ut1dn of most d1sp1ays and
. part1y from the absence of simulated aerial perspect1ve ”. ‘ ,

Ignoring atmospheric effects, the light enter1ng the.eye from a
source of restricted size decreases as the square of the viewing dtstance
However, w1th1n certain 11m1ts, the area of the ret1na1 image also decreases
as the square of the viewing distance. Thus, w}th these limits, the i1ly-
minance of the retinal image (ratio of flux to area) remains constant. <he
Timit is approached as the angular sobtense of the Tight source approaches
the reso1ut1on limit of the eye. As v1ew1ng distancé increases, further,
and the angular subtense of the source gogs below the resolution limit, ®
the retinal image remains essentially constant in size. However, the
111um1nance of the image now decreases, as the square of the v1ew1ng distance.
The source becomes invisible when the 111um1nance drops below the detection
thresho]d ’ ' .

In the simulator, the video image of the Tight source is decreased
in area as the square, of the ca]culated yrewing d1stance, thus producing

naturalistic changes in retinal image ize. However, the video image

¥

cannot be reduced below one pixel. For mosthg1sp1ays, one pixelassubtends
an ang1e two to four times 1arger than the optimal resolution limit. Thus,
the visual system may "expect" further increases in viewing distance to bé
accompanied by further reduct1ons in ret1na1 image size. However, because
. the display. cannot produce sma11er images, pergeptua] d1stort1on:occurs&*
Oneqapproach to this problem stems from the fact that the resolutign limit
of the visua system depends in part upon the contrast or intensity of the
objects viewed. By keeping the contrast between the 1light source and its
' surround low, the resolution liiwit of the visual system can be ‘made to

more c]ose1y approximate the display's resolution limit,
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Another need is to reduce the luminance of the v1deo image as the
square of the calculated viewing distance once the one-pixel 11m1t has
Qeed reached. If aerial perspectigg is simulated, the attenudtion which
it incorporates may serve the present purpose as well. /

The relevant psychoEXys1ca1 11teratuﬁe concerns wisibility and bright- -
ness as a fuhctfon of stimulus size and shape; contrast sensitivity as a
function of size, shape, and spatial frequency; and the optical-neural—

spread functions of the v1sua1 system.

Introducing aerial perspective may also help to correct the pefceptua]
distortions invoiving receding light sources. By decreasing contrast
(intensity) and saturation and shifting hue as a function of distadce, the
perception of Tights as receding into the distance (eather than standing up)
should be reinforced. ) ' .

A related probleh concerns a single object moving toward or away from

“gﬁe viewer, such as another aircraft or a building or vehicle on the ground.
The problem is most noticeable when another aircraft is seen against the sky.
Beyond a certain disé%nce, tﬁe object is either perceived as motionlesy or
as moving and ehaqgiﬁg in size. Again, the problem. is that' beyond a €ertain
distance the size of the video image remqihs'constanteat one pixel and cannot
be chanded as a function of calculated yiewidg'ﬂistance. With size fixed,
the object is perceived as motionless or, alternatively, as simuftaneobs]y
chang1ng in s1ze and d1stance If the object is oblong, it may be perceived
ps chang1ng shape or att1tude Again, two steps are in order. The\first is
Lto set the contrqst of the object Tlow so that the high spatial frequency
components which,diSfinguish one small‘’image from another will be.be1ow the
’visua1.thresho1d (i.e., reduce Visua] acuity to match ‘the resolution limit
of the display). The® second step 'is to vary the contrqst of the object as
a funct10n of distance, which may be accomplished by s1mu1at1ng aerial

perspect1ve ) .
4dg;'A third problem ‘involves' level of detail switch#mg. Scene complexity

is generally limited by om1tt1ng many features from the scene until the
viewer comes within a certain distance of them. When the viewing distanee
is reduced. to the critical value, the -feature is switched in and generally

~
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appears abrupt1y on the screen The sudden appearance is d1sfract1ng and
1ntroduces an artificial cue to distance which is not present in actuaﬁ
—flight. Again, there is a.two- -step procedure to lessen the problem:

1) make the‘contrast of the video image a decreasing function of- ca]cu]ated
viewing distance, and 2) set the contrast of the .object in the data base SO
". that the object will be just at or below the threshold of visibility when it
is switched into the scene. In other words, when byilding the data -base,

'the desagner should not ask, What is the contrast of this object in real
', 1ife? The questions should be 1) At,what viewilg distance wi11 this object
"be switched in? and 2) Given .both the a]gorlthg,ased to attenuate contrast
as a function of distance and the contrast sensitivity of the v1sua1 system,
whht base contrast will put this obJect at the threshold of visibility when .
it is switched- 1n7 The re]evant4psychophys1ca1 Titerature concerns contrast
threshold as & function of the $ize and shape of the object v}ewed. ,

The final problem in this group involves a]iasiné. Many objects*
scintillate at a particular distance'becauce of vinteraction with the sampling
and raster structures. The problem occurs only when the geometr1ca1 projec-

- tion of -the obJect onto the image plane is small relative to the period of °
the sampling and raster structure. fgt is almost invariable that the ObJECt
in question is at some distance from the Viewer. Aga1n, the 'same two-step
procedure may be applied: 1) make image contrast a decreasing function of
viewing distance (as aerial perspective would do), and 2) set the base -con-
trast of the object so that the object does not become' visible until its
video image is 1arge enough to avo1d a11as1ng problems.

None of the exam1ned d1sp1ays i corporated aerial pérspective,
although the "weather" algorithm which they all use can provide an approx-
imation. Indeed, many users commented that'introducing a small -amount of
weather greatly increased the display' s realism.: :

As noted before, aerial perspect1ve consists of variations in hue,
saturat1on, and contrast as a function of viewing di ance. These varia-
tions are commonly consndered to be one of the many types of information
used to judge distance. However, the re1ationship between _these variations

, - 19 ‘ /

~ P

<

DD




. ,.‘:‘ . . B \\.a - R . . .
in sperceptual qualities and viewing_distance is not ff&ed——it changes with

~atmospheric conditions. " Thus, aeria1 perspective isnot a reliabTe cue“to
absolute distance (as a c1ty -dweller quickly finds out when attempt1ng to
judge the distance of a renote peak in the more rar1f1ed and cleaner air
of the mountains-or desert) However, the role of- gérial perspect1ve in
def1n1ng relative distances and surface or1entat1ons is not so highly
dependent upon’ atnospher1c cond1t1ons ’ ‘

The absence of aerial perspect1ve in a visual display cgg§r1butes to
the cartoonlike character and ambiguity of” surfaces In natural v1ew1ng,
hue changes, saturation, and contrast decrease as a funct1on of d1stance
Thus, a horizontal surface such as the earth cont1nuous1y changes in hue
and saturation as it recedes into the distance and-the Boundar1es between ,
Qv; area and another become Tess and less distinct. A nonhorizontal surface
such as the side of a mounta1n is immediately perceived as such becduse its
hue and saturat1on are re]at1ve1y constant and the boundary between it and ’
.other areas changes little in clarity. when perial perspectivé is lacking
in the simu1ator, these cues are absent and the viewer must "figure.out"
Whether what is seen.is the sfde of a mounhtain or an odd1y;shaped fam
field. The problem is particularly noticeable in 1®w altitude flight

jnvolving high-speed turns, banks, ‘and rolls.= In normal vision, pilots

are aided in maintaining their sense of orientation because
—.—rcecognize surfaces and surface orientations. In the simulatd
‘the information is missing, recognition takes Tonger, and~a-pil
become d1sor1ented ., . . ' ”i:

saturation and contrast as a function pf d1stance Jthey do not produ
. changes in hue. ?n addition, because they wére deve]oped to s1mu?at-
conditions in wh1ch v1s1b19¢ty is .substantially redyced, they may not
provide an,opt1ma1 approx1mat1on to the effects of aerial ‘pegspective
under 1235 restricted conditions of visibility. However, tﬁe~weatner \
, —— algorithms can perhaps be modified to provide the désired hde'snffts
and a better approximation to the effects of aerial perspéc ive under

conditions of good v1s1b111ty
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Two genera1 comments can be made about aerdal perspective. First,
it prov1des~much the samé 1nfonmat1on as static, two- d1mens10na1 texture

\ - (e.g., in remgfing amb1gU1t1es of surface def1n1t+0n) than aerial perspective
- gradients. S cond full simulation of aer1a1 perspect1ve requires the use of

: since var1at1ons(on hue and saturat1on are 1nvo1ved Thus, . .
if 1ntroduced aerial perspective wouid help to Just1fy the greater expense

of color d1sp1ays [
. : » X
2.2 RESOLUTION ; ' . 1o

. \ N 1? .,
- ) *The displays examined yere Timited infreso]utdom relative to the

acuity of foveal vision. 1In all cases,, the l1m1t3t1on reflects a considered
conprom1se between resolution and field of v1ew .By redycing the field of
v1ew, it would be possible tq match the reso1ut1on of the display to that’
of the human wisual system. However, this course of acQ on is generally
not acceptab1e because of the JUdQEd 1mportance of ma1nta ing a normal
. f1e1d of view. : .
The impact of 1am1ted reso]ut1on can be decussed under three
headings. Two of these concern types of perceptua] tasks the pilot must oo,
perform: 1) detect1on and identification and‘2) Judgments of. pos1t1on, ’
orientation, and size. The th1rd category is the more global on€e of {T
appgrent. realism. ' c, ) ‘

\d
~ " . \

2.2.1 Detection and Identification
Psychophysical research has estab11shed that an object: or‘pattern

/ first becomes detectable when the- most visible Four1er component atta1ns

. threshold contrast, i.e.,_when the component becomes visible in and. of

Litself (a1thou 111" not necessarily be consciously perce1ved as such).
In pther words, to prdduce normal detection performance it is necessary to re- —
produce only‘the most visible components. For single:objects and targets, -
the most visible components genera11y Tie within 3 to0 6 cyc1es per degree,
a range that "can be reproduced by current display techno]ogy ‘Thus, normal
detect1on of s1ng1e objects and targets is possib]e, although inteﬂtigent.

1
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contrast management is required. Repetitive or periodic patterns are a
The mest visible component is usually the fundamental

frequency component which may 1lie outside the display's resolution range.

different matter.

Fhus, repet1t1ve patterns may not be resolved at thejr normal d1stances
Although there is ho soTution to this problem,.data-base designers shou]d
be aware of the problem and *know which patterns cannot be resolved by the \
display unt11 the viewing distance is shorter than that at wh1ch visual
resolution nomally occurs. In addition to knowing the properties of the
display, the designers need to know the normal. resolution préperties of the
‘human visual system, i.e., contrast sensitivity as a function of spatial

!

freauency and orientation. ) y . '
The. limited resolution of the display has a more profound effect upon
the identification of distant objetts, such as other aircraft or land-based

“vehicles or structures

Ginsberg (

1978) 11kened such 1dent1f1cat1on ‘tasks

to reading the letters gn a Sne]]en acuity chart

He calculated that the k

spatial frequenc1es used to identify the smallest.readable 1etters lie
‘between 20 and 30 cycles per degree “Because such Fourier c0mponents lie
well beyond the resolution rande of the visual displays of most simulators,

these displays cannot be used to simulate or train the identification of .
distant objects. However ClG displays can be used for 1dent1f1cat1on

training if resolution is increased- by reducing the f1e1d‘of view,

'

. 2.2.2 Judgments of Position, Size, and Orientatjion. - - L f
Under optimal cofditions, the himdn observer can.discriminate changes
_in spatial position of”only a few seconds of visual angle. Changes in size

‘ less than 1 minute of visual angle can be detected,as can changes in
. or1entat1on of Tess cthan 1 degree.

These detectab1e changes involve
movements of edges or contours which are sma]] coﬁpared to the d1mens1ons'

of a s1ng1e p1xe1 For example, the m1sa11gnmens of two vértical contours
need exceed only a few seconds of arc in’order to be perceived, whereas a
single pixel is on the order of 3 to 6 minutes o# V1sua1 ang]e wide. This
fact might be taken to mean that this visual task\cagnot be performed with

normal accuracy in the simulator. This fact a]so\exp1a1ns the observa&1on
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that, in some of the CIG>d1so1ays exam1ned edges were observed to change
position or orientation and objects were observed to change size in percep-
“tible increments or jumps rather than continuously. However, available’
psychophys1ca1 research suggestspthat by us1ng appropr1ate image-forming
a1g0r1thms, normal changes in size, or1entat1on, and pos1t1on can bé sim-
ulated and approx1mate1y normal perceptual performance with respect to |
. these changes can also be obtained. - . . .
. It is useful to startAtQLnet1ng that- the receptors of the eye, i.e.,., °’
the "pixels" of the eye, are 20 secondg or more in width and are thus large
* compared to the smallest perceptible misalignment. A shift in the position
. of an edge, even if it is only a few seconds of visual ang1e~ can be de-
tegted because the edge is represented on the retina not by a step function,
" but'by 2 @adient of illumination extending.,over many receptors. This
gradient is the convolution of the edge with the optical spread function.,N,k
of the eye. Because of this transformation, changes in the spatial position
' of the edge are:coded as changes 1n the rat1o of illumination falling on
i adjacent réceptors G1ven a good signa¥- to -noise ‘'ratio within the receptors
(produc d by a high gcontrast edae), a change in position can be detected
Fyh}dh’::(sma11 relative to the spac1ng of the receptors or samp11ng elements.
+he same principle can be”extended to the level of the display. By convo-
. luting t)p edde with a "blurring” fﬁnction the\edge can be represented by
a grad1ent ext ndin

over severa1 pixels. Changes in the position of the ,
- edge are representéd by changes in the rat1o of 1ntens1t1es of. adjacent
p1xe1s Research by Westheimer and Hauske (1975) on "hyperacu1ty" indi-

, . Cates that the human observer extracts position information from such gra-
d1ents with an accuracy that is comparab1e to that obta1ned when the external
st1mu1us is a step function. In other words, the visual system extracts
pos1t1on 1nformat1on from gradients as well as from step edges (Bécause
of signal- to -noise cons1derat1ons, accuracy in localizing the step must be

somewhat better thanﬁin Tocalizing the grad1ent ) Researgh by Thomas and
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‘In sumnary, changes in position, Size, and or1entat1on that are small
compared to a p1xe1 can be represented in the d1sp1ay by convo]ut1ng the

image with a blurring function. ' Psychophysical research indicates that.

‘

ahuman observers can extract 1nformat1on about position and s1ze from this.
type of representation. . . ] o

Yoy

2.2.3 Realism _ ,
L1m1tat1ons in. resolution reduce the realism of a CIG d1sp1ay,

part1cu1ar1y when distant objects are represented In the Four1er doma1n\\k\/:

a single distant object is represented by a broad spectrum of spat1a1 fre-
quency nggonents
of this spectrum..
magnitude of the reproduced components great.enough, the visual system

The typical CIG display reproduces only the 1ower part

"expects" to see the rest of the spectrum and 1nterprets its absence as a
" lack of rea11sm On the other hand, if the contrast of -the object is low,
» the magn1tudes of all the components will be reduced dnd the visual system
“will hot'exoect to see the high frequency components becquse of .the low
contrast and the reduced sensitivity of the visual system to high spatial
frequencies. In other words, the .wisual system attributés the failure to
detect high frequency components to its own 1nsens1t1v1ty rather than to ,
Thus, the rea11sm of the d1sp1ay can
be increased by appropr1ate contrast management It should be noted that
such management in no way increases the amount of-information eontained”in
the display.
'*3user acceptance ) . . : , :

a lack of rea11§m in the display.

However, it m1ght improve tra1n1no effectiveness by 1mprov1ng

The velevant psychophys1ca1 research areas-dre detect1on and identi-
f1cat1on particularly with respect to the spatial frequency comporients used
for each typg of task. Hyperacu1ty and the effects of blu¥ on hyperacyity
Judgments are also relevant. Contrast sens1t1v1ty as a function of spatial

_frequen y is re]evant to contrast managemént for 1ncreas1nq rea11sm

e - -

i 4

If the contrast of the .object is high enough and the );

-




2.3 DYNAMIC RANGE ' - .
‘The range of ]iéht intensities in the natural world is orders .of
magnitude greater than that of any existing or forseeable CIG system.
The Timited dynamic range of the CIG system manifeE;s itself ih several
_ ways. Pdint.sources of 1ight cannot be representéd with enough intensity .

w

to have the same visibility or appafént brightness that they have in the~ -

real world (strobe ];ahts are a common example of this p(obaem). Another
problem concerns the visibitity and apparent conmrastjof:objects seen %
against different backgrounds at differeht_times.,zlﬁ the real wér]d, the !
Visibility and contrast of an'objéct change drastically from’dne background
condition_tovgnother. For example, .a Tight-colored aircraft that is i1lu-
minated by tﬁé sun and seen against a éhadowed, dark’ hillside appea?s
‘bright, almést Tuminous, and is easily seen. A few séconds iater, the
" . same aircraft is seen against a brﬁght sky and is berceived as a low-
*Ebnt?ast, baré]y detectable objectﬁ Under sbmeﬁconditions, the aircraﬁt
kl‘ - is perceived as a dark object when silhouetted against-a bright sky,
-~ These changes in visibility and apparent contrast result from the %arge i
. frangé of background and illumination conditions in the reaf'world. Such’
. changes are rarely seen in siﬁu]ator d%sp]ays because the displays have B

limited dynamic range. . i

«n

Most simuldtors omit the windscreen because Tt would reduce the’
a]readyxiimited brightnéﬁs of the vjs&g] disp]éy. However., the windscreen.

" is the source of several types of visual distortions, and ‘the problems posed
by these distortions.are removed from- the traﬁning situagion Qhen the wind;
screen is absent. Some of the distortions are’ prismatic in charécter and
result from curv5tures and nonuniformities in the windscreen. Othek'
problems arise From‘dirt, sCratches, insects, etc.: on. the windscreen.

These visual objects provide stinfili for inapbroprjate (close) accommoda-
tion, and may also be perceptually projected against the distant sky and *

.nopentarily interpreted‘as other aircraft. Another source of impairment
is that the multiple layers of the windscreen scatter light aﬁd degrade '
the physiéa1 image'fonmed on the Yiewer's ref%nd. - The problems posed byv .

€
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scattered light increase in severity as the dynami¢ range of the visual

scene 1ncreases Thus, these particular problems would ‘not be dup11cated
in the s1mu1ator even if the w1ndscreen were-built in.

The limited dynam1c range a]so contributes ‘to 1ack of rea11sm in
the visuad scene and “tends to g1ve a cartoonlike character. The Timited

)

rea11sm is most noticeable at Tow altitudes and/or lTow sun angles.

@ 2. 31 Remed1a1 Steps ‘- - y
s Some Steps can be taken to mitigate the problems posed by 1imited

dynamic range. Although the human visual system functions oyer a wide
range of. 11ght levels, it has a 1imited response or output range. Thus,
c0mpress1on of the dynamic range is part of the norma] visual process.
- In part, normal compress1on js carried out by chang1ng the gain of the
v1sua1 system through processes of adaptation. In addition, the visual
system a]so tends to differentiate the visual scene, i.e., tends to be
more sens1t1ve to spat1a1 and temporal chahges than to absolute levels
+of st1mu1at1on Because of this latter property, the dynamic range of
‘;~”’/d1sp1ay can be reduted without causing significant perceptual effect, .
provided- that the spatial and temporal changes are not reduced. In other
. wWords, appropr1ate h1gh pass spatial and temporal filtering can reduce
the display's dynam1c range with odly a minimally perceived effect.
The following basic strategy is suggested: the data base or mode]l
shoyld approxtmate the dynamic range of the real world. -To do so, thiree
. steps should be incorporated in the image generat1on process. The first
step 1s an algorithm that simulates the light scattering propert1es of
‘3 windscreen (if inclusion of these effects in the training situation is
. desired). The second step is appropriate band- pass spatiotemporal filter-
ing to- reduce the dynamic range requirements. Design of this fi]terind '
process should be based upon the spat1otempora1 impulse respofise and.
contrast sensitivity functions of the human visual system. It should
a]so take into account. 1ight scattering within the~display faceplate and
othcs. The final step is to apply a c0mpress1veetiénsformation to reduce

A
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the dynamic range of the filtered image so that-tt will match the range of
the display device. This compression function shewld reflect the ‘results
of both psychophysical studies that have scaled subjective br1ghtness and
contrast and physiological studies of response compression w1th1n visual

receptors.

~ <

2.3.2 Relevant Literature .{
The relevant literature concerns the spatiotemporal impulse response

function of the visual system, including studies of spatfal and tempora1
summation and spatial and temporal inhibitory interaction. Studies of: the
visual system S contrast sensitivity as a function of spatial and temporal
frequency present this information in a different but still useful form.
Cornsweet (1970) discusses illusions designed by him, 0' Br1en, and Craik
that provide relevant examples of fittered or differentiated displays.
Relevant examplies were also 1nc1uded in some of Land's papers (e.g., Land
and McCann, 1971) on the Ret1nex mode1 The visual "missing fundamental™
is also relevant (e.g., Furchner, Thomas, and Campbe11, 1977). Scaling
stud1es of the power-law re]at10nsh1p between physical intensity and per-
ceived br1ghtness or between physcal and perceived contrast are relevant
to design of the compression function. Honever, the best function is
probably an adaptation of the one used by physiologists to describe .
response cohpression at the receptor level. The function and its re1e:
vance tq psychophysics are described by Hood, et al. (1978).

2.3 DIRECTIONAL ILLUMINATION EFFECTS
Directional illumination, i.e., 1ncorporat1ng the sun into; the data

base as the source of illumination, has several perceptua1 consequences
Ope is the shadows cast by trees, buildings, vehicles, etc. These shadows
contribute to the "vertical development" of the scene; they help to define
surfaces and the relationship between an object and the surface on which
it sits.. In dynamic scenes, the relative motion between object and shadow
he1ps to define the spat1a1 position of the object. Only ane of the dis-
) p1ays examined 1ncorporated shadows. The absence of shadows detracts from
realism and ,contributes to the ambiguity of surfaces and distances.

%
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Specular ref]ectiohs are another consequence of'direbtibna1 illumi-
. nation. Although it is theorized that these reflections can provide the
viewer with iﬁformation 9§%ut rates of motion, distances, and the orienta-
tion of surfaces, there is no body of psychophysical evidence on the extent
to which human observers can actually use such information. On the other .
hand, it is established that specular fef1ettions desaturate ‘colors and *
cause highlights. None of the displays examined simulated specular re-
flections. The absence of these reflections undéubted1y contributes to
, the unnatural-Tooking colovs in CIG di§p1ays and may contribute to the
fact that surfaces often lack the character of surfaces or surface mode.
Finally, fhe lack of directional illumination eliminates vardpus
ef%ects of sun glare. The "task of detecting and recognizing another air-
craft is much more difficult when that aircraft abproaéhes from the direc-
tion of the sun. Thus, sun glare produces significant problems that it may
be desirable to include in some training situations. éécauée of the limited
dynamic range of CIG displays, special algorithms are pfobab]y,necessary to
éffective]y simulate glare. In terms of tﬁe three-stage process suggested
in Subsection 2.3.1, the g]d?e algorithm would be placed in the first stage.
Two typg§.o¥ information should be incorporated in the algorithm: 1) physical
scattering of sunlight by the atmosphere and windscreen, which partly produces
a veiling illumination that reduces the target's effective contrast, and
2) a bright object's perceptual masking effects on the:detection and recog-
nition of dimmer nearby objects. This perceptual effect is over and above
the physical effects of scattered 1Tghf. The relevant literature is under
the topics of glare and brightness contrast. Some of the relevant works
are by Fry and ATpérn (1953), Diamond (1955,1962), and Owens and Leibowitz
(1976). : ' '
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2.5 RASTER EFFECTS . ¢ .
In the displays examined, the CRT was magnified td the point that the
raster structure (scan lines or dot matrix) was resolvable. The presence of

. @ . @& perceivable raster structure has several undesirable effects. First, the -
strycture tends to Wask or prevent the detection of sha]i objects or fine
patterns. It must be emphgsted that this perceptha]}prdb]em is in addition
to the purely physical sampling and aliasing problems that arise when an \
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object's dimensions approach those of the raster elements. .The‘severipy of
the masking effects, which is directly related to the contrasi of the raster
structure, can be reduced by demodulating the raster. Although such demodu-
ation may- not be feasible for d%sp]ays in which the rastef e1enen%s are
defineg by a shadow mask, it can be effected in other displays by b]hrring
the electron heam. ‘ 7
Another undesirable effect’ of a visible raster is that it tends to

define the face of the CRT as qvéing1e surface, orthogonal to the line of —
sight. Thus, it works against the goal of the CIG*display to create the
i1lusion of a three-dimensional scene. Even when the illusion is not
destroyed, the existence of the flat raster structure causes distances to

be underestimated. Ong symptom of this underestimation is that distant .
stationary dbjects may be perceived as moving with the observer. Such )
false movement was perceived in the w1]1iamg Air Force Base display that -
" has prominent raster lines. with‘respebt to this particular mispercgption,
the relevant literature is by Gogel (1976) and concerns apparent motion as
.4 measure of perceived distance. ' .

‘ Finally, a resolvable raster provides a strong stimulus for accommo-
dation. Owens (1976),showed that:the middle spa}iél frequéncies (between
about 3 and 8 cycles per degree) are the most effective in stimulating
accommodation. The fundamental frequency of most rasyers lies withig this 7.
range. Because the display optics placé the raster at optical infinity,
the raster stimulates accommodation toward infinity, which is approp;iaée
and'desirab1e for out-the-window viewing. The potgntié] problem %s that
this stimulation is absent from normal f]fght conditions. OQut-the-window
viewing normally does not provide adequate §timu1atibnnfor far accommodation.
Thus, one set of pr6b1ems.wﬁﬁch piiots nbrma11y face arises because their
aécommodation is often inappropriate.for detecting and recognizing distant

objects. This set of problems is removed from the training situation when
the raster provides cues to distant accommodation.. ’
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'2.6_COLOR : )

\ The color of CIG displays is w1de1y”descr1bed as too vivid and
cartoonlike. Target objects often stand out. excessively because of
coloration and thus are too easily detected. In addition, data base com-
pilers often cowpﬁain about the difficulty of selecting acceptable colors
for objects. ’

These problems can be related to a set of ggmmon Lauses. In the .
natural world, aerial perspective and specular reflection combine to~
‘reduee saturation. Further, because of the joint action of «directional
\ i]]dmination and specular reflection, few surfaces appear uniform in
color when closely examined. Rather, there is variation in lightness
and saturation (and sometimes hue) even across flat surfaces. In the
© case of surfaces extending into the distance, aerial perspective also
contr1butes to the variation in color. When aerial perspective, specular
reflection, and directidn§1 illumination are not simulated, colors are too .
. highly saturated and too uniform. One result is the cartoonlike appearance.
Another is that targets are too visible, a]thdugh this probTem also stems
from a lack of background clutter. S
One remedy is to incorporafe aerial perspective, specular reflection,
and directional 111um1nat1on into the simulation procbs A less effective
. way is to approximate the results of the processes by manipulating the data .
’ base. Specifically, the saturation of objects can be reduced the hue can
be shifted toward that of,the illuminant, and surfaces can be graded from
one part to another with respect to lightness, saturation, and, hue.
Although these changes would probably increase reatism, they would convey
only limited informatidn to the viewer because they do not change ‘as a

° . .
function of the v1ewer's position in space. B >

2.7 LEVEL OF DETAIL
‘. -Two problems were ebse!&ed with respect to 1eve1 -of - deta11 sw1tch1ng
One is that an object does not move smoothly 1n and out of the field of view;
instead, it abruptly pops out of view as soon as any part of it reaches the
" edge of the field. Or, conversely, an object pops 1ni:;v1ew only when the
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entire object is within tﬁe field of view. Second, an object suddenly pops
! ' into or out of view as its distante}frimlthe viewer becomes-less or exceeds
a critical valie. . S
Both of these effects provide artificial 1nformat1on that can con-
tribute to negative transfer. :T}Qe abrupt 1nsert1on or removal of an object
may make the object more noticeable and more detectable than is.normalTy
* the case. Also, switching obje&ts in or out of the scene at a particular
viewing distance provides an art1f1c1a1 cue to distance.

" To solve the first probleni, an. a]gor1thm is required that will permit
objects to move smoothly in and out of the field of view, i.e., an a]gor1thm
in which the object is not removed entirely from the scene as soon as any
part of it passes out of the.field of view. The second problem can be

mitigated by contrast management (see Subsection 2.1).

2.8 SURFACE DEFINITION - ‘ =
A number of related problems were observed in regard to surface
definition in CIG displays. Surface orientations with respect to the

observer or to other surfaces were often ambiguous, as were the apparent
distances and sizes of surfaces. Some of these ambiguities exist in d1rect
v1s1on, but the general ambiguity.of surface definition appeared to be
greater in.CIG displayg,. and som€ specific difficulties appeared to be
characteristic of these displays. . ’ &
In direct vision the perception of surfaces is usually based on
several sources of redundant infbrmafion Most surfaces have visible
textures that help def1ne them as surfaces and may also provide gradients
that 1nd1cate surface s]ant Surfaces exhibit brightness’ grfidients as a
7, resu]t of .variations in or1entat1on to a light source, and Ztey exhibit
br1ghtness, saturation and hue grad1ents as a result of _atmospheric
-attenuat1on (see Subsectron/z 1). Surfaces may ref]ect light sources
or other surfaces, and most surfaces have 1rregu1ar1t1es that produce
shadows. In add1t1on, a surface may be cOvered with- features, that-cast
. ‘shadows (e g., trees), and one surface may cast shadows on another. - ,

7




In current QIG displays, almost all of this surface definition -
information is absent. Surfaces are defined by simple po1ygons that
differ in hue. This method of def1i1ng surfaces ‘produces ambiguities

in direct vision, and also produces speci misperceptions associated

< because it eliminates redundant informatifg that is usually available
"
wl}h disp]aysjgonsisting‘of simple polygons. The following specific —
“problems were observed. > :

A hill depicted as a set of adJacent polygons appeareﬂ flat un]ess
it intersected the horizon. In the absence of cast shadows, texture
gradiénts,,brightness gradients, and aerial perspective, the sides of

* hills usually appeared to be flat areas on the surface. The intended
shape was revealed only after introducing contour interruption as a
hill intersecged the horizon. This difficulty in perceiving the orien-
tation of sloping terrain from an overhead viewpoint is not characteristic
“‘of di}ect vision. .-

Surface ‘elevation was Sometimes perceivedfwhen it was not présent‘

« in the model. This mistake was due to the presence of misleading infor-
matiqn that was probably more effectivg in detemmining surface perception

. than it would have been if more information about the intended distances
ahd\o}ientation of surfaces had been present. Dark areas adjacent to
surfaces appeared to be shadows; thus, the surfaces were perceived as
elevated above the ground plane (a misperception that can also occur .in

‘ direct vision). Highly saturated colors appeared to be either elevated
or depressed to observers as a result of chromostereopsis--an unlikely
oécurrence in difect vision because the requisite saturations would not
exist. .

I1lusions of surface slant occurred as a result of certain shapes
‘and comb1ngt1ons of polygons. The use of'an acute'and an obtuse angle -
in adjacent corners may lead to perceiving the included side as/slanted
“with respect to the 11”% of sight. Contour interruption may_1mp1y depth
sepa;ation These two effects can work separate]y, but are espec1a11y

* effectlve in comb1nat1on as shown in Figure 1. These effects appear to
be more- frequent .in CIG d1sp4ays than in direct vision and cou]d be in
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part corrected through attention to the shapes and intersections of poly-

gons in the mode]l . ' : .
The sizes of obJects, such as bu1Ld1ngs were somet1mes amb1guous
'Th1s partly resulted from the amb1gu1ty of d1stances, but in some situa-

t1ons rhe amb1gu1ty of sizes was even more not1ceab1e A1though there is

‘”‘\a c]ose relationship between.size and d1stance perception, perce1ved size

a

7

does npt always depend on perceived d1stance Perceived size may “even

determine perce1ved distance when other d1stance indicators a*b absent

The degree to which familiar size is important in distance percept1on is

@ subJect of-some disagreement, but in general the use of obJects of known

size whenever poss1b1e wdﬁ1d appear to be a.good. strategy for the mode]

bu11der . . L. - . . | B
A final example of a prob]em in surface def1n1t1on is the occas1ona1

appearance of a surface area as an area of detached color rather than "as a

surface. Th1s§1s referred to as the aperture mode’ of appearance because- 1t

This

mode of appearance can also occur w1thout an aperture if cues to d1stance

occuns when an area of” uniform color 1s viewed through an aperture

and other information that usua]]y defines a surface are ‘absent or reduceds.-
The absence of m1cr1§éructure or texture, specular reflections, and shading ,
in CIG d1sp1ays may contribute to the aperture mode of appearance.’ ™

. Overa]t the problems in surface definttion appear to be .the result
of both m1ss1ng and misleading ;nform@t1on Although ost cons1derat1ons
wou'ld prevent adding all m1ss1ng 1nfonnat1on, it may Ki poss1b1e to add
Some indi-

cation of which 1nformat1on i€ most 1mportant can be. ngpned from existing

the information that is @ost 1mportant to surface definition.

_11terature but@spec1f1t investigations in the CIG context w111 probably

s 2

be necessary The elimination of m1s1ead1ngw1nformat1on, on the other
hand, should not be difficult. '

! Because the d1sp1ay 1s presen‘!ﬁ on a f1at sdrface only the - .

2 o

) so'ca]]ed pictorial cues to depth are present. B1nocu1ar d1spar1ty, .

accommodat1on and convergence are not available “t6 assist in surface

-t def1n1t1en ~ The 11terature on depth percept1on in stat1c d1sp1ays

. ‘;"
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inddcates that these three sources of 1nformat1on w0u1d not he useful for
surface definition at the distances that are simglated in CIG displays.

' However @ recent study with a dynamic display (Beverly and Regan, 1979)
suggests that-observers are more sensitive to binocular d1spar1ty that is
_changing continuously as a result of the observer' 's mo:lgg toward or away .
from a scene than they are to static d1$par1ty Although disparity may.play
a role in surface definition in direct vision, cost cons1derat10ns would

‘probably prevent 1ts use in CIG d1sp1ays, and its value’at the distances
simulated in these d1sp1ays remains uncerta1n o
Among the pictorial cyfs, texture is not1ceab1y absent in currént

CIG disp1aysz Rea]-world suyfaces dlmost always d1sp1ay a texture based = .

-on intrinsic variations 1n the surface (m1crostructure) and/or superlmposed
. elements (grass; trees, etc.). The value of texfure in solv1ng problens of
ambiguous surface d1stance or e]evat1on 1s queStionable, and there is evi-
dence that static texture grad1ents are not useful in.défining surface .

orientation unless the texture is regular. Texture may be of value in "~

- reducing the occurrence. of the aperture mode of surface appearance. The ,

major value of texture 1n surface definition would be as a carr1er of
velocity gradient 1nfonnat1on The orientation of a surface can, be per-
ce1ved on the basis of the re1at1ve velocities of the texture elenents as -
the observer moves past the surface. Observers may a]so use the velocity

,0f the texture elements 1n judging the1r velocity with respect to the surface.

The role of e]ement size and fam111ar1ty or recogn*zab111ty 1n such Jjudg-.
ments is uncertain ' o .

A second not1gLah1y absent p1ctor1a1 cue is shadow. The role of .
shadow 1nS§u)face percept1on is eas11y demonstrated: turn1ng a photograph
upside down can Eause 1ndentat1ons to appear to, be protrus1ons Realistic
" shadows would aid accurate pefception of hillsides, and ‘their presence in

-a scene might reduce false elevation perceptions because there would be
no shadows around a surface that is not e1evated In addjtion to shadow
per se, surface def1n1€1on would also be “aided by .the presence of bright-

ness gradients resu1t1no from the or1entat1on of surfaces to the 11ght
- source. o : - ’
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Aerial perspective produces brightness, hue,'and saturation gradients
that should be useful in defining the‘relqiive distances of surfaces.
(This cue was discussed in Subsection 2.1.) K

Misleading information about surface\oriéntation and1e1evatiqn was

p?oduced by the use of simple polygons with certain combiqat{ons of oblique -
contour angles, intersecting contours that falsely indicated.overlap of ‘

x

adjacent surfaces, highly saturated colors that are ‘subject to chromo- * N
stereopsis, and dark areas ;hﬁt fatsely suggest shadows. These sources
of misleading.information should not be Yifficult to eliminate: .

2.9 PERCEIVED FLATNESS OF THE DISPLAY . , '
_— The preceding subsectioﬁs discussed several types of“infonnatiop
that might enhance the intended perceptions of surface distance, orienta-
tion and size in CIG 'displays (e.g., aerial perspect{vé,.shadow, texture '
gradients). 'The t}pes of information in current CIG disptays thﬁg inter- .
ﬁfere‘Wi;h these)intended'perceﬁfions by revealing the flatness of the
. display are binocular vigwing without disparity, visible monitor frames,

an

*

_and a visible raster pattern. . e .
Ce Binbcular vfewind reveals the flatnass’ of CIG disp]ays because the
1éck of diqurfty ihdicates that all points on the display are ehua]]y .
"distant from_the'bbserver. There is no practical solution to thi§ problem:
d¥splays with ‘correct disphrffy.wou1q=be toét]y hnd.grgsent new technica) L
difficulties,.and limiting the trainee to monocular viewing would reducg g
‘the field of view and be a genera]]f unrealistic solution. . ' - R )
The preéence of visible frames around the monitors ig\anathep
important .indicator of the display's flatness. (Perceived dépth'in a
home televisionyset can be’énhanced by looking through a tube ¢hat Timits
the field of view to the pictyre itself and thus eliminates the visible
frame.) The elimination of visible monitor frames should be a cohsid&r—
ation in the de%ign of CIG displays. _
¥ A regular two-dimensiohal pattern superimposed on a simufated three- ~
dimensional scene i éreasgs the perceived flatness. of the scene. This is'
one of several reas ns for reducing’the,visibility of the raster pé;tern
(see SUBsectHon}Z.ﬁ + A visible r r pattérn interferes with the per- -

ception of the séeh as three-dimensional.

. -
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A simple binary decision does not determine whether a dispfay.
appears to be either f]at and in the plane of .the monitor screen or three-
dimensiona] There is usually a compromise between these two extreme per-
cept1ons, and where thi's compromise lies on the flatness¥fo-depth continuum

4 determines the percept10n of sizes, slants, distances and ve]oc1t1es in the
display. The greater the tendency to. perceive the d1sp1ay as filat, the
more obJects M111 appear to have the sizes and shapes projected on the
screen rather than those intended in the three- d1mens1ona1 scene. Consider,
for example, a runway that projects a trape201da1 shape on the monitor.

The perception of the runway may vary from ayrectangle at a slant to a
trapezoid in the p]ane of the monitor screen, depending in- part on the
perceived flatness of the display. Any increase in perceived flatness
w111 tend to make the runway appear less slanted and more trapezoidal,

e thus 1nterfer1ng with the 1ntended percept1on of the runway's slant and
shape in three- d1mens1ona1 space -

N

There ¥s very little literature on "cu to flatness.” A relevant
* topic would be the relative influence,of flatnass.and depth cues-on shape_~/‘k
slant, size,. and motion perceptfon, 1nc1ud1ng s1ze, shape and speed con-- |

stancy, andgghape -slant 1nvarﬁance _ - .

2.10 MINIMAL SCENE CONTENT® .
Current. CIG systems display less than 5 percent of the edges that
would appear in a television p1cture of an average-day scene.taken with a °

* s

, ' camera. Th1s figure is based On countss(reported by Boeing staff members )
of 30,000 to 500°000 edges in a te]ev1s1on picture, w1th ah average of
100 000. Th1s figure can be compared to currenthIG capab1]1t1es that
usually run well under 5,000 edges. Thé edge counft in direct vision would

" be ‘considerably greater than the "100, 000 f1gure which is limited by the
1ow resolution of. telev1s10n p1ctures o . B L
The use of displays that prov1de an extremely smaT] percentage of
the scene content available in direct vision has several effects: . First,
the’perceived realism ot\the display is reduced. The implicationg of

reduced rea11sm for transfer of tra1n1ng will ‘depend on the training

- 4
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objectives and the'experience of the trainees: For some combinations of .
objectives and trainee experience, perceived realism may not be important

¢ ..as long as the critical cues for the task are present in the display.

l Under other circumstances, 1ack of,realiéh may reducge the trainee's -
acceptance of the s1mu1at10n and thus have a detrimental effect on
achieving the training QbJect1ves. The re]evant literature would be ‘ih
the training area rather than in thé perception area. Studies concerned

. with the effects of visual realism on transfer of training or on display
acceptance would be usefu], espec1a11y if tra1n1ng objectives or trainee
experience is varied. ’ < . .

LI A second effect of minimal scene content is that training may not -

' ‘be possible in tasks requiring detection of an.object in a cluttered )

' environment. There are two ways th realistically simulate the clutter,

that would be present in the real-world scene, The first of these is to

introduce artificia1 clutter in order’tO'provide the level of difficulty

required for the detection task, and thus avoid 'the computational load

that wouid be assocﬂated with a comparab]e increase in realistic scene, ‘

content. However, if art1f1C1a1 clutter .were used in p]ace of reak1st1c

v scene content, 1ts effects on transfer of training in detect1on, recogn1—

tion, and~1dent1f1cat1on tasks would have to be cons1dered Any regu]aﬁ1ty
.in the art1f1c1a1 c]utter patterns that did not occur 1n the real-world
-scene might.adversely affect transfer of training. /
~—__ The other approach to. a rea11st1c clutter simulation.would be to-
; provide the clutter qeeded for detection tasks only in the part of the
scene that is wjtﬁin a specified distance (in visual angle) from the
observer's momentary fixation point. To do this would require a contin-
uous monitoring of direction of gaze. Twe feasabi1ity of this approach .
depends on the speed and magnitude of eye movements that may occur in
the training s1tuat1on and on the effects of reduc1ng detail in the
per1phery--1nformat10n which should be ava11ab1e in the ex1st1ng ) '
T1terature - Methods to reduce detail in the periphery w1thout caus1ng ) | N
distraction wou]d have to be cons1dered Th1s,cons1derat10n woulq in- '
volve the observer S sens1t1v1ty to var1pds changes in the'periphery .
Q ) 39 - . . : :
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(ejé.,.Changes in spatial frequencies) that might be affected by a
reduced level of> detail. ' . - .

n

8 A third effect of minimal scene content is a poss151e reduct;on N .( -

_in the 1mpress1on of self-motion and in the accuracy of Judg1ng the speedx
of se]f-mot1on A d1sp1ay,may not have a sufficient number of edges to .
produce an impression of el f-motion apprgpr1ate to' the simulated condi-
tions. Ve]oc1ty Judgments may not correspond to judgments.in d1rect -

svision if the frequency of edges or texture density is reduced. More
realistic impressions of self-motion might be obta1ned by adding more
edges, but an accurate simulation of edges in the env1ronment may nétfge
required. Less cost]y a]ternat1ves that have been cons1dered 1nc1ude the
use of symbo]1c patterns at critical locations in the scene (e g., on
runways) as a subst1tute for the surface 1rregu1ar1t1es present in direct
v1s10n, and the use 6f texture tiles of varying densities that approximate

' the dens1t1es of natural textures (grass, trees?’etc ) to cover surfacez
areas., The.relevant research area concerns how variations in textureé 5
,density and recogn1zabﬁ]1ty of texture e]ements affect perce1ved'se1f%¢
-ot1on anq the accuracy of velocity judgments. - . | . : -7

.
i

2. 11 SIZE AND CONTINUITY OF THE VISUAL FIELD . ‘ -

PR

CIG displays vary es to their available” per1pherak,couerage The -

-extent of” per1phera1 coverage may be a major factor in. detenn1n1ng whethe;T
tpe d1sp1ay creates a realistic impression of se]f’motlgp@_ Recent research
., (Johansson, 19775 Lee and Lishman, 1975) showed that” certain fonns of motion
fﬁn the periphery are sufficient to create an. 1mpress1on of se]f -motion,
i even in the presence of conflicting 1nﬁonnat1on n the .central region of
the visual field. o - &

" The impostance of 1nc1ud1ng per”phera] mot1on in CIG displays tn -
order to create an impression o;; /,f-mot1on depends on the answers to
several quest1ons, some of whjch may beffouﬁﬂ/1n existing literature and
some of wh1ch will requige add1t1ona1 research F1rst Is-peripheral .,
motion necessary as well as sufficient for v1sua11y 1nduced perée1ved'

self-motion? A sufficiently dense pattern of moving edges or texture
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‘.\e1ements in the central field may substitute for peripheral coverage to
indice a realistic_impression of self-motion in CIG displays. -
‘ " K second ques%ion is whether perceived self-motion is important
) fdr transfer of trainﬁng -As there is very little literature on transfer
of training using CIG d1sp1ays, an answer to this quest1on may require
S <) new research. )
Finally, there is ‘the question of which information must be displayed
in {the periptiery to create an impression of se]f-ﬁotibﬁ. ‘The literature .
o= suggests (e.g., Koenderink, et al., 1978) that neither realism nor high
‘detail is needed to represent)the peripheral scene, a result that is con-
sistent with the low aéuity of peripheral vision. A moving random texture
. s suff1c1ent and even a simple Tine pattern may be effective.

A]though a display w1th m1n1mum deta11 in the periphery may be
'suff1c1ent to produce an 1mpress1on of se1f—mot1on, such a display could
réduce the realism of the simulation if the trainee turns and looks directly
at the d1sp1ay “A potential solution to thjs problem is to adjust detail ’
accord1ng to sensed direction of gaze ('see Subsection 2.10). o
. . Another peripheral- coverage problem noticeable in present CIG systems
?IS the d1ff1cu1ty of aligning the pictures on adjacent monitors. The ex-

-treme]y high vern1er acuity of human observers may make 1t impossible to

—

adjust adJacent monitors in current Systems well enough t6 prevent notice-
able discontinuities in edges that continue from one monitor to the next. '
bi§continuities are also noticeable in motioo paths when an edge moves

from pne monitor to an adjacent monitor. These Jiscontinuities interfere
with the realism ot the simu1atioh. There is literature on vernier acuity
from which the dekectabi1ity of discontinuities in CIG displays could be
.estimated. Several studies (e.g., Grahm, 1965) have found that discon-
tinuities as Tow as 2 seconds of-visual angle are detectable. There is a
s1m11ar prob]en in color match1ng when a uniform surface is d1sp1ayed,oﬂ
more tHan one. mon1tor ‘ . e s




2.12 HYBRID DISPLAY AND UPDATE RATE
There are prob1ems specific to hybrid (combined ca111graph1c and

;raster) displays, and a closely related problem in raster displays whose
\update rates are slower than their refresh rates. One problem specific
to hybrid displays is a tendency for the calligraphically generated points
~to appear cﬁoter than the raster-generated edges. Runway markings, for
examp]e appear to be below the Tevel of the runway lights. This effect’
is probab1y due to the sharper focus of the calligraphic portion of the

d1sp1ay The relevant’perceptual literature is that dealing with
the effects of image resolution on apparent distance. ,
In a hybrid systém, adjacent features generated by the two methods

are not displayed at the same time. For example, there may be a delay
between~the plotting of the rumway edge lights and the plotting of the
surface markingsv Although the Tights and surface markings may be
correctly pos1t1oned on the display screen, the time de1ay may result

in a perception that the Tights and markings are misaligned. This mis-
perception probably occurs when eye movements take place between the titas_
‘of the calligraphic and raster plots, but the. role of eye movements has

t

not been confirmed.

Misperceptions resulting from the plotting of, adjacent portions of
a display at different times can also occur in puré raster displays if the
update rate is slower than the refresh rate In some CIG displays, the
1nformat1on displayed is updated 30-times per second, while either. an odd °
or even field is refreshed every 1/60 of a second. A dot moving across a
d1sp1ay should appear in a new pos1tion at every refresh, whether of the
odd or even field. If the d1sp1ay is'not updated at every refresh,
however the dot will be frozen in position for each frame, appearing
once in that position in the odd field and again in the same -position
in the evefi field. This representation is not’ consistent with the smooth
motion of*a single dot in direct vision. It results in the perception of
two dots, separated in space by the amount of motion that should hpve

taken place between the odd and even refresh times, while only ope dot
v 44




is intended }n the displaj. (Tﬁe same effect occurs iﬁ motion pictures:
a rapidly movfng dot appears to double or‘triple, Hepending on whether a
,projector displays each frame two or, three times before moving to a new
frame.) ’ . ’ o

The perceived doubling of points and edges in raster displays‘that

serious consequence is that the doubling
disp]ay s rea]ism The more serious

update at the frame rate rathér th/n at the field rate has at Teast two )
potential consequences. The 1esslé

may be distracting and reduce the
consequence is that the perce1véd separat1on of the doubi&d points or ]
edges is a potential cue to velocity that does not exist in direct vision.
If a trainee Tearns to judge velocity on the basis of these double images
rather than on the basis of cues that exist in direct vision, these judg-
ment ski1ls will not transfer to actual flight conditions.

' . The occurrence of mu1t1p1e 1mages under conditions s1m11ar to those
descr1bed above has been documented in the perception 11terature (e.qg.,
Braunstein and Coleman, 1966). The seriousness of this prob]em for trans-
fer of training needs to be examined in order to determine the importance

of updating at the fie]d rate.

¢




3. ADVANCED ALGORITHMS RELATING TO LIMITATTONS

By investigating existing CIG simulators and the current data on
human perception, we have been able to identify twelve limitation areas /

‘and their psychological bases, and to suggest methods or requirements for

reducing or eliminating their effects. In this section, we Use our knowl-
edge of Ehe techniquessused in existing advanced CIG simulators and the
technical and mathematical foundations of CIG simulation to derive sets
of algorithms, optimal conditions, and recommendations for reducing or

« eliminating the limitations of some current CIG: techn1qdes

These algorithms, cond1t10ns, and recommendations can be grouped
into four distinct areas. The first area concerns a11as1ng controis.
Certain operations and conditions are necessary for opt1ma1 perception
because of the d1sp1a¥;sf%amp1edpdata format. The second area concerns
various scene and environment models. Existing systems lack important

" models (i.e., atmospheric attenugtion and scattering) or use methods

(e. p level-of-detail controls) that produce inaccurate models. The
third area concerns display- properties. The display hardware§1s Timited
in several ways (e.g., resolution), and there are proper and 1mproper
(e.g., visible shadow mdsk) ways to set up a display. Filters can enhance

"~ contrast perception and'thu5 permit increased apparent contrast without

increasing the CRT's output. The fourth area concerns Future algorithms.
New approaches can eliminate the;inhe?ent limitations in the planar poly-
gon approach of existing himu]atdrs With the new approacheg, the density
of displayed information will* increase, and the temporal dynam1cs of
changing. reflection geometry will result in tonal var1at1ons atcording

to more accurate reflection modq1s, including shadows.

3.1 ALIASING CONTROLS
The basic¢ underlying display model is continuous across the screen

in space (i.e., an image i%5 a continuous scalar intensity function) and

time (i.e., continuously varying perspective changes in time). The basic

hardware display model is sampled, with a two-dimensional. sample array

———
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for each frame and a sequence of fields displayed Sequentially at regular
intervals. The difference between the underlying continuous function of

> space and time and the hardware display of discréte samples produces

aliasing. That is, aliasing is the error-or misrepresentation that re-
su]te when a continuous image is represented_by an array of discrete
samples. A classical example of aliasing is tHe "staircasiee" effect
that results from a discrete sampling of a slanted line.

Sampled data representations of any continuous function suffer some
artifacts because changes in the funct1on s "surface 'that occur rapidly with
respect to the samp11ng interval are improperly represented The mathemdt-
ical theory underlying this effect precisely states what happens in terms
of the Fourier spectrum\ However, the theory requires soph1st1cat1on for
a full appreciation and proper app11cat1on

The human visual system opera@és in an 111us1ve1y §1mp1e way.

While a comp1ete model of the process of human visual percept1on has not

been developed, there-is extensive know]edgewgn how the eye works. Th1s L

~know]edge dictates how to optimally drive the vision system, espec1a11y in

regard to, aliasing contro]s

3.1.1 Gaussian Impulse Response _ )
The eye can be heuristica]]y‘modé1ed as ‘having a Gaussian response:

An‘improved.a]gprithm to reduce aliasing should include this Gaussian fhodel.

The basic algorithm suggested by TSC invo]wes ajGaussian weighted average
of the scene samples around each p1xe1 w1th the/ standard deviation .equal
to 2/m multiplied by the sample spac1ng F1gure 2 illustrates this
situation. The two screen dimensions can be hand]ed independently
because they are orthogonal.

- n

The algorithm's c1assica1 explanation relies on Fourier analysis.,
What happens is as follows: 1) convolve the underlying continuous scalar
function with a Gaussian impulse, response of standard deviation 2/m of~the
pixel interval, 2) sample the pixels, and 3) reconstruct the underlying
continuous funct1on by a lattice of Sinc funct1ons with scalar magnitudes,
each equal to the corresponding sample value. The result of these steps °
is that a minor amount of energy is aliased. The worst case of aliasing

7
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is for.a delta funct1on such. as a true po1nt 11ght—-there will be.a max-
imum of about 5 percent aliased energy (i.e., spectral energy Sbove
critical frequency). Since each polygon can be treated separately as

-a pulse, much less than 5 percent of a surface's energy is aliased in ’

constant or smooth shad?ng.of&p]anar, po]ygona]fsurfaces.
Because the’ real process is subtly different from Ehat just delin-

_eated, the classical aliasing value represents a theoretical upper bound

to performance. The underlying function is sampled at a rate higher ‘than
the pixel sampling réte and then averaged. The result is that a Gaussian
weighted average of samples is taken about each pixel (as opposed to the
true convolution in the classical version). Another difference is that

the CRT has a Gaussian impulse response rather than a Sinc function impulse
response. These differences compound the analysis and cause results that .
deviate from the classical results. These results represent an upper bound
to aliasing control because, through Parseval's Theorem in aha]xsis, no
other sampling method can better approximate the function in a truncated
-representation based on the sampling rate.

Because of the viewing situation involved, the samp1ed image is
actually not ser1ous1y degraded. A human observer is viewing the display
screen in a non-diffraction-limited (i.e., 1ight-adap§gd) condition with
a Gaussian impulse response. ’ N

When the Gaussian impulse resbonse image is viewed, the hardware's
image convplves with the human }mpu1se response. This convolution }He]ds
a. Gauss1an 1mpu1se response that has a larger spread than does 20/20 visidn.
Thus, there is an out-of-focus cond1t1on, but® there are no aberrations
(i.e the observer is effectively made nears1ghted but there are no = .
other consequences):. -y Lo _

) When viewing the 1atg}ée of Sinc.functions, each Sinc function
individually convolves with a Gaussian response corresponding to human.
visual optics and receptors. This convolution modifies the individual
Sinc functions towards Gaussian functions. In the Fourier frequency
domdin, the Sinc is a pulsé from -Z%fc to +2nfc, where f, is the critical
sampling frequency, as shown in Figure 3. Thus,‘convo ution truncates the
unssian at the critical fnequency. If the critical frequency,’fc, is two
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" produces a large amount of aliasing. ~

~

<

or more times 1/2nqh, where-oh is the standard deviation of the human -7

visual impulse, then the result closely approximates a generating lattice

of Gaussians hat each have a standard deviation 'of, O Sunstituting a

Gaussian for a Sinc funct1on on the CRT face thus does not s1gn1f1cant1y

change the perceived 1mpu1se response as long.as the critical® frequency

is at least two or three’ times the Four1er spectral frequency 1f2n0h , -
The above discussion is based on standard signalfanalysis. As such

it is important but unduly pessimistic. The reliance on global eperators <

Timits the results to global information. However the CRT is composed

of a two-dimensional array of Tocal pixel areas For the sampling approach

just described, the aliased energy is within a pixel of its correct pos1t1on

and the variance of the amount o¥ a11ased energy decreases with the number

of samples if there are no aliasing controls. Figure 4 shows the case of

a point Tight displayed using uniform sambring. The ppint is near the i§§

common corner of all four pixels so that all four .Should have about equal

illuminatijon, but only pixel (2,2) is bright. ‘Eﬁféctive]y, 75 percent of

the ‘point's energy. is aliased. Thelobserved impact is minor if? the apparent

resolution of the pixels is small with respect to human resolution. There

are two points here: 1) c]assica] Fourier analysis is useful but unduly -

pessimistic and not d1rect1y app11cab1e to CIG, and 2) uniform weighting

4

pixe11,1 pixe11’2 _
, (0) (0)

p1’xe12,1 8 pixe]z,2
" .o (0) , (bright)

[
@ e Point Light .

- Figure 4. Point Light-Using Uniform Weighting
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The Gauss1an 1mpu1se response 1nvo1ve3f6versamp11ng just as is done
in existing systems The samples aré‘56@23$ with the proper Gauss1an
weights (Note: binomial in good approxifaton to Gaussian), and the value -
"is displayed at a point in the frame. The added cost of ‘the Gaussian
weights is-hard to est1mate but they will not requ1re a hardware approach
that differs much from”bégst1ng oversamp11ng approaches Actually, it may
' be s1gn1f1cant1y cheaper @o use the Gauss1an we1ghts since oversamp11ng ¢an
be reduced with a pptential reduction-of the number of samples by 75 percent
(e.g., from 8 xx%;to 4 x 4 oversamples for each pixel) and a- -significant
'improvement in image appearance. The same level of 1mproxement cannot be
,accomplished by dgfocusing the CRT becausé the underlying dliasing effects
occur prior to the CRT display. Based on the experience of several research-
ers who found that edge detection is baulcgl1y unaffected by the Gaussian
1mpu1se response (see Subsection 2.2 and Liebowitz in Appendix B), the
practical resolution will Fema1n the same. This a]gor1thm will -become more
important as d1sp1ays grow dehser WJsﬁ features. .Constant or other weighting
. ,.can never achieve thg accuracy of Gaussian we1ght1ng because the 1atter
1) prov1dgs a11as1ng contro] "2) matches the human impulse response, and
. 3) does not degrade edge detect1on ab111ty beyond signal-to-hoise effects“-~..__<
03 2. Frame/Field Cond1t1ons ' h -
e . The under1y1ng hardware/d%§p1ay mQﬂe] 1nvo1ves a sequence of frames \__\
- that each have the GaUss1ag 1mpu1se resp@nse described above. The sequenced
frames', are £1sp1ayed oné at.a t1me, 1n gfder and at a f1xed rate Typ1ca11y,
30 to 60 frames/sec are d1spﬂ§yed g

‘& ’
The frames are Esual]y d1v1ded 1n§o two«£1e1ds (one &f even lines and
- one of odd lines) that are d1sp1ayed séquent1a11y in order to doub]e the /
_effective refresh rate7 The intent. of this procedure is to avo1d flicker

.- perceptron and concom1tant eye- stra1n At 30 frames/sec 3/p1onged viewing

.. causes eye stra1n with accompany1ng symptoms such-as fatigye and headaches.
- At 60 frames/sec, unlimi ted viewing at typ1ca1 illumination levels ‘for the
screen and background causes no significant fatigue. A frame divided into
a sequence of two fields may be acceptable for most applications, but the

k
use of one eye position for both fields.of a, frame causes serious perceptua]

difficulties under dynam1c motion conditions. . &
“ 49} i~- N '.Q - 'y
1 5() ' '




. Figure 5 presents the problem of dual- compet1ng 1mages, which is
an aliasing problem and a m1smatch at the man/machine 1nterface in the
area of mu1t1p1e4d1sp1ays of each frané Several experiments have shown « .
that test features sych.as points break Gp into~sepérate features when
moved more, than a certain distance between Yrames. The human is able
to track one separate, smoothly moving feature for each showing of the
same frame. The bn]y_appropriate selution is to show ‘each frame once. "
‘The best approach fer‘high vigual fidelity is to display.a frame
~as a single field. The display is a equence of frames shown at a rate
0fw60 fgames/sec or fgster. "The full frame display drives. the visual
systeﬁ properly with no noticeable temporal delays in any local area of
a few degrees, which is what happens in an actual scene. . The rate of 60 .
- or more frames/sec is fast enough to avoid flicker. This frame rate also
redUceﬁ the incidence of tenpore] aliasing such as strobing‘and motion
reversal. - .
An tbyious (and poor) approaeh is to display a.frame as two fields '
g1th separate1y computed perspective qeometrrgs The display is a se- g
uence of frames shown at a rate of 30 frames/sec or more, with a field
jrate of tw1ce "the frame rate. The display of a]ternate rasters causes
) %‘ ~-prob1ens w1th visual perception because of the changes occurr1ng on the
frame in a local area of alternating rasters about the receptive f1e1d
of each receptor cell. The effect is not as s1mp1e as mu1t1p1e,compet1ng'
. images because there will be aliasing effects due to temporal changes in
the image. Features will chénge shape or even disappear under some motion
conditions. Thus.the use of two or more fields per frame is not percep-
tually acceptable for h1gh dynamic motion applications if the refresh
rate per field is 30 frames/sec.. There is no evidence.of de]eter1ous
- effects, however, when the refresh rate is 60 frames/sec even with
split fields.
Implementing a single f1e1d per frame at 60 or more frames/s c is
more expensive than the standard 'video format. The bandwidth is basi-
“cally doubTed for this high bapdwidth }hanne]. While the cost can be

"
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reduced by lowering the frame'resoiution for s0me'appTicatﬁons, it most
be*borne for high performance s1mu1at1ons so that aliasing effects on.

images w111 not occur. v ‘ \ ’ , . -’,.

3.1.3 Hybrid Picture Effects )
The basic underlying hardware d1sp1ay mode] is a sequence of 60

pd

or more frames/sec in. which each frame has a single field and a Gaussian \
impulse response as d1seussed above. With hybrid picture displays,

severa] special effects are used,in addition to the display mode1

These involve using comb1ned raster and ca111graph1c writing (e.q., s '
minirasters). for selective h1gh résolution. However, as explained * i

~next, serious difficulties resu]t from dsing’ both _general ca111graph1c N ] '

5

and miniraster hybrid d1sp1ays Co -
The use of combined raster and ca111graph1c d1sp1ays produces im-
proper perceptions which are very n:g1ceab1e under’ dynamic motion condi-
tions (see Subsection<2. 12) For example, point lights simulated: by
calligraphic elements seem to float in space and shift around,_ leading or
. trailing the rest: of the scene. This problem is caused by the t1m1ng and -

resolution variations between the® raster output and the calligraphic output.

-

The timing delay between the raster features and the ca111graph1c .
features can be up to 33 msec in any local" screen area This delay results
in a nét motion due to aliasing of calligraphic and raster'picture é]ements
under ‘motion conditiong. . ’

Because the calligraphic_features are overwritten on the raster ‘dis- _
play so that they are not subject to the a11as1ng affects«of the rasters, ) J
they appear in front of thg raster pattern w1th its imagery. The lack of ’ .3
raster effects for calligraphic features actua11y works against 3, valid
1ntegrated percept1on Us1ng a h1gher resolution ca111graph1c bbam ‘
further separates_ the raster and calligraphic features perceptually. ~

The use of hybr1d raster/ca]11graph1c displays is 1nherent1y .
limited to low dynamic motion s1mu1at1ons Thé tipfing and reso]ut1on
mismatches cause §4on1f1cant error¥s in perceiving motion and d1stance .
The lackof a raster aliasing mask for calligraphic features #1so sepa- .
rates the two formats perceptua]]y

~ ‘o - - .
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) * The basic ground ru]es are to 1) set the t1m1 g.of all features

" exactly the same 1n any 1oca1 areas of several degrees of, apparent reso- .
.lution, and 2T‘kEEP—a...aconstant resolution for targets and their dmmediate \§§
backgrounds. These rules restr1ct the use of hybr1d raster and calli- églexﬁ ot
graph1c displays to s1mu1at1ons in wh1ch the detr1menta1 effects are . \ Yi
.acceptable.: T r : : ' ?§$§§§%
;;ﬁ,;’l‘g \ . ' . . L By
3.2 SCENE, ENVIRONMENT, ANDXSENSOR MODELS - - .

The simulation model Hnuo]ves a scene, an env1ronment and a- sensor

The scene model 1n§>udes surface geometry and mater1a1s together with
special po1nters and parameters applicable to the environment and sensor )
models. The env1ronment model .includes point and exterided sources of
electromagnetic energy in a spectral band(s), atmospher1c conditions
(e.g., attenuation, temperature, rainfa11 rate), and albedo conditions.
The sensor model includes $e3¥6qtive (or emissive) material properties,
scanning format, impu1se response, spectra1'band( ), and f1e14/9f view.

ixrstmg regl-time-CIG s1mu1a1;ors necessarﬁy implement only the
crudest models in order to reduce cost -and maintain real-time throughputs.
The present study identified areas of these mode1s that can significantly
improve human perceptua1 accuracy if proper]y upgraded. In the scene -
model, the use of art1sts to build data bases can 1mprove the realism of
the scene and “Some 1mproved 1eve1~9f -detail’ a]gor1thms can eliminate the
frequency jumping of objects into and out of the d1sp1ay 1mage "In the

a .

. enviroriment model,,the use of an atmospheric attenuation and defocusqng '

model shou1d considerably 1mprove perceptual accuraey/ The sensor mode]
c0mpr1ses the reflection (or em1ss1onf models for scene mater1a1s and tone

app11cat1on models. These models involve the sensor measurement and dis-

play of received energy (e.g., mono- or multispectral, po]ar1zed,

range) .
now used, but*there are seriols 1imitationsuwith these models.

[

intensity,

Diffuse ref]ect1on and emission models and Gouraud shading are”

)

[y
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3.2.1 Atmospheric Attenuation and Scattering
. " “Electromagnetic energy transmitted through the atmosphere interacts
v with the hémogeneous gases and -locally variable gases and aerosols. Molec- N
ular ébsorption‘attenuates energy at a negative exponential rate. Aerosol
and particulate scattering attenuates energy at a negative exponential rate
along the 14ne of sight and -also defocuses the energy via multiple.scattering. '
. These effects are due to inhomogeneities, but thE?’ére only significant at , 1
"vary long ranges or low grazing angles near surfaces where convective heat ‘
\

transfer causes atmospher1c "boiling." : ‘ .-
This subsection discusses three atmospheric modei$: an attenuation

model, a defocusing model,” and a color model. These models are more com- ~ §
plex thgﬁ those ‘in‘current CIG simulators. The perceptual benefit added |
by these models should be evaluated (see Section 4) before they are in-
cluded in future CIG simulators. ) ‘

' An attenuation mode] determines what fraction of the energy travel- \M///
ing along a ray from a transmit&i:? point (on a surface or in a volume) '

d

cont1nues on the ray to a second xeception point.- Mo]ecd]ér absorption

» and f1rst order scatter1ng along the ray are modeled by a scalar attenua-
tion coefficient, a(r). This model is a first-order linear differential 1~ T
- p#bcess:___ I UEEE : N , * . #
e M , R -~
" | TR = I0 " exp —/a(r) dr . d “a ;
. . ' 0 - I

where:IO is the intensity (i.e., radiance or Power/Projected Area-
Steradian) at the origifgl point; Tﬁ is the intensity at rznge R;
a(r) is the attenuation rate (1/dr) due to absorption and scattering
(i.e.a(r) = aaﬁr) + as(r)) at range r; and r is the range variable.
- The atmbsphere is adding ehérgy in its own characteristic spectrum

s

along this ray due to molecular’emission by atmospheric gases and to aero- S
301 scattering of other energy from various sources in the scere. This
-#  3ddition of energy is a first-orQer linear differential process:

2
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R ) -
~ . N
‘ IR =/ B(r) - exp -/ a(u) duf dr -,

0 r '0 '- . .
where IR is the intensity at the receiver point (R units frdm\the trans-
mitting pbint), B(r) is background intensity rate di/dr, and the background
attenuated energy is summed‘from ranges 0 to R. For practical purposes,

@ and B can be set constant so that h . S
F o= - exp(-aR)
R ‘0 P
" and T S
R
ﬂRL= B -j exp(-ar) dr C )
0

72"[1 - exp(-oR) ]

¢

/ ‘.
. Set¥ing Ia equal, to B/a, the received energy along the ray from a trans-

-~

‘mitting point to a receiving'point is
I,=1," %xp(-a&)‘+ I. - [1 - exp(-aR)}]
R, 70 a ,
L | =,
This attenuation mode] is use?u] for determining the QEFenuatéd :
kine-of-sight intensity of point samples -in the scene. It is inaccurate
in how it models aerosol scattering, but it produces an accuraté percep-
tion of aerial perépective. This attenuation model appears to be the
most acceptable in—~terms of computational simplicity.
The real situation is more complicated. For exéhp]e, some nights
- the moon has a halo and street lights blur into the disfance--a'case of
higher-order sgattering effects that arelnpt handied by the above attenu-
atSon model because it only deals with first-order sééttering along the

1i i of sight. -If no otﬁer'scattering occurred, the scattering photons

would never be received, and the attenuation model would be accurate.
AT AN . ’
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First-, second;, and higher;order scattering of a point's, radiation can
occur-in amounts large enough to produce hdlos and defocusing (different
effects due to scattering phenomena) when atmospheric conditions produce
s1gn1f1cant scattering rates. ’ '¢ )

A defocusing model determines the effect of scattered photons in
terms of their angular distribution about a point source. This-situation L
is simple: ver} few of the-photons make the journey to thé receiver point

~witpout incident, apd the remaiﬁing photons are either 1) scattered away

or dbsorbed or 2) scattered but able to subsequently travel to the receiver ,
point (i.e., genera] first- and higher-order scatter1ng) Figure 6 illus-
trates the s1tuat1on The attenuat1on model presented above is used to
determine the unaffected fraction of photons zhese photons can be focused
into a valid perspective 1mage that is only 11m1ted by the rece1ver S
aperture. The remaining photons are those that either d1sappear or are
scattered to the rece1ver These photons can never form-a focused per-
spective image. , ) . .

The defocused energy can,image into a var1ety of po1nt spread func-
tions dependlng on errergy spectrum, d1str1but1on of part1c1e s1zes, and
geometry. The common point spread result’ is c]ose to Gauss1an "There
are specular scattering effects such as .rainbows and ha]os, but these
seem unnecessar11y d1ff1cu1t to mode1 The Gauss1an po1nt spread func-
tion for the defocus&ng mode] seems phys1ca11y accurate based on models

of higher-order scattering that assume diffuse scatter1ng of photons off
particles. . . ¥

~

The best defocusing model is a Gaussian point spread function:
& | . ) .

N ‘ exp(-o,R) (2 + y2)R2

S yo)
Ip(ax,by) = & - 1y + ———— exp B
. 2no ) -20
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where IR(Ax Ay) is the 1ntens1ty at a (Ax,Ay) screen dﬁsp]acanent from the
1maged point; & is the fract1on of the transm1tted radiance (Ib) that is
scattered toward the receiver point; exp(-a ‘R) is the attenpation frac-
tion for the absarbed energy (i.e., a = o +° O 5 wh%fe ag = scattering
rate and a_ = absorption rate) (1/2n02) exp(u/20 ) is the spatial dis-
tribution of received scattered eneray with standard deviation s and y
is the-projected displacement in the scene\ht range R to- the transm1tter
point. The free parameters § and:o-are ‘determined 1n the following ways
"6" is greater than zero; it is 1/2 for, d1ffuse surfaces and 1 for
omnidirectional point lights. It is the ra§1o of the tota] transmitted
energy integrated over the sphere (i.e., 5 § I (¢ 8) s1n(e) de d¢) t
4y IO' Hence, for.a diffuse surface, -

v ‘e .
r N
2m 2 v ’ -
ff sin(6) do d¢ ' .
s = GO0 ' , '
. ' IO fhr

and for an omnidirectional light,

2n m \ *

j:f IO sin(6) do d¢
00

. ,/\
| Lo 4m L.

\

This defocusing model is physically accurate for diffuse suffaceS'
and omnidirectibna] lights up to diffuse scattering. The underlying
random walk of scattering and the associated Central Limit Theorem in
Probab111ty Theory produce a Gaussian distribution in the limit of a.
distant point source. This distribution-is closely approx1mated wheA
ever defocusing is perceived. The ¢ is associated with a (i.e.,

a = a. + aa) via the Central Limit Theorem in that the intensity of the




 first scattering is a radially varying function of range r, and is a

negative exponential distribution with mean zero and variance cgs = 2/a§.
Each point in space of first scattering becomes a .new energy -transmitter
with the same statistics (as 16ng as the receiver range is two or more
times the‘distance o} = /?/as, so that a spherical geometry can be used).
The Central Limit Theorem states that the effective defocused energy
distribution is Gaussian with a = /—/a o
The defocus1ng model 1is d1ff1cu1t to compute using ex1st1ng polygon
shading techniques because range to ‘each sample point is required.
(See Subsection 3.2.2 far further discussion.).

A color model treats spectrally varying effects of attenuation and

defocusing. The absorption and-scattering rates vary spectrally ower the .

visible band, a fact that is apparent in the red sunsets and sunrises and
the blue sky albedo. Mie and Ray]e{gh scattering models represent low
scattering changes as a function of aerosol particle sizes and wavelength.

The average attenuat1on rate, a1, the average scattering rate, Geys and

derived parameters such as 1 ai and’ o1 can be computed for each spectral

band, i. These bands are red, green and blue for color displays.
The 1mp1ementat1on ofa co]or model involves 1ndependent attenua-
tion and scattering ‘computations for each spectral band. The effects

- include hue gradients due to aer1a1 perspective and changes in source

illumination hue due to transm1ss1on .through the atmosphere to the scene.
There are three interrelated atmospheric models: ‘attenuation,
defocusing, and color models. They require ‘the. range to each saqp]e in

atidition to the atmospheric parameters o, O, and I " The tone applica-

s
tion methods presented next d1scuss how to apply these models to points,

lines, and surfaces in the scene. - M\
S

3.2.2 Tone Application Methods
The scene consists. of a set of primitive surfaces. The commonly

" used surface primitives are planar, polygonal houhded surfaces and point

lights. A tone application method is an algorithm for .applying the
sensor tonal measurements of a primitive -surface to that surface's
projection on the image plane.

N -

59

. 61

(%4

L




/

A tone application method involves computing a primitive surface's
djsglgy value at a set of its points and interpolating between these
sample points. There are a number of tone application methods used
for primitives that are points, line segments, and p]anar'po1ygons.'

The simplest tone application method is constant shading. One
surface point (e.g., the centroid or-the first vertex) is modeled and
the computed tone is applied across the surface. The tone application
proceeds raster by raster, placing the surface's tone in pixels where
the projected surfacex]ies. '

A common tone application method for line segments and planar poly- 7
gons is Gouraud (or smooth) shading. This method relies on the sensor
measurement being cogputed at each vertéx. The.method first linearly
interpolates tones a]ong edges between the vertex endpoints and. then‘

" linearly 1nterpo1ates between edge tones for individual pixel tones.
The difficulty is that the interpslations are computed for the pro-
Jected surface vertices, edges, and interior points (1 e., the tonal
1nterpo1at1on-1s Tinear when viewed in the image plane)., The linear
appeare?ce is perspectively invalid. There is no persﬁeetive]y proper . ﬂ
tonal gradient compression, and improper foreshortening resg1ts, as
shown 1n Figure 7. (See Appendix for rspective51itenature.)
The case of even incremental sais}ihg in_the scene space is shown
1n F1gure 7a. This typk of sampling results in uneven increments in the .
1mage plane {i.el, the display). Thus, if the scene has a linearly vary-
ing tonk1 grad1ent a linearly v9ry1ng tonal gradient in the image plane
(as with Gouraud shading) can result on]y‘thh unequal sampling in the
image plane. The companion case is shown in Figure 7b in which even pixel
sampling in the image space results in uneven sample increments in the
scene space. With the example of a linear tonal gradient in the scene,
a@ nonlinear tonal gradient exists in.the image plane. Figure 7c shows .
a perspective view in the image p]ane of a rectangle in the' scene space.
' (e.g., a runway). As discussed for Figures 7a and b, there is a tonal
gradient across the surface in the 1mg€e plane, as sketched in Figure 7c,
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which results %in a perspectively proper tonal gradient compression.

Gouraud shading, however, samples the projected surface and thus resu]ts
in the Tinear tonal 1nterpolatxon of Figure 7d. - .

., Although Gouraud. shading 1s used on advanced CIG simulators, it
produces a significantly erroneous tonal gradient that contributes to
aperture mode_perception such -as surfaces "standing up" orthogonal to
the ]ine of sight. .

Another tone application method (not used on real-time CIG s iu-
,1ators) is Phong shading. This met®®® is similar to Gouraud shading -in
that, on the ipage plane, the surface nomal is linearly interpolated
among vert1ces (instead of among computed “tones). The surface normal
at each pixel is used to compute the tone there. This method suffers
from the same perspect1ve—+ﬁaccuracy as Gouraud shading.

T3C developed a new shading me thod during the curreat pregram.

This method, which belongs to the fam1]y of smooth or untextured tone-
application methods, is perspect1ve]y accurate (thus produc1ng fore-
shortening)®and provides a range to each p1xe] sample. It—is discussed -
next, and .then textured tone appTication methods are d1scussed

The shading method denated by. TSC as the inverse range shading
method applies tb ]1ne segments and planar po]ygons and requires that
the sensor tonal measurément and .the boresight (i.e., z-axis value)—
range be computed for each vertex. The method Tinearly 1nterpo]ates
. 1/range on the screen along projected edges and uses the actual surface
pos1t10n to linearly 1nterpo]ate tone back on the surface in the environ-
ment three-dimensional space. The method Tinearly interpolates the
1/range values,along the-raster, at each pixel sample, and- 11near]y 1nter—
polates tone in the surfacedin three- dimensional spage. In th1s way, the
surface tones are interpolated across the planar extent at pixel samplés
but are 1nterpo]ated on the surface in the unprojected three- d1mens1ona]
"space. This technique can be used to 1nterpo]ate surface. nonna]s, app]y
textyre, etc. Figure 8 presents the under1y1ng perspective geometry

* The computational comp]ex1ty for each sample can'be reduced to an addition .

and inversion for phe z value and two additions and a multiplication for
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" (Dungan, 1979) using the texture tile approach.

the tone.

The z value can be used for range in atmospheric models if the

field of view is narrow otherwise, slant range can be calculated by SORT
[ND)2 + (m2)% + 22, ,

The use of textured tone application methods goes beyond linear
interpolative methods to precomputed and stored tonal maps. A tonal map
can be represented as a sample array, a function, or a set of locations

It consists of Tocally varying tonal modulations

and texture primitives. )

around the mean. -

Deve]opmenta1 studies were performed on two=tHmensional tonal texture
(Stenger Dungan and Reynolds, 1979) and three-dimensional elevation texture
Various CIG manu%acturers
have developed periodic modulations, bombing patterns, and model features
such as trees.

_ A1l these methods share one'perceptual effect. They produce a
statistical (or deterministic in some metﬁods) distribution of detectable
features or areasinKContrast with their surroundings. This aspect of
textured tone application methods is a distinct perceptha] advantage'over'
smooth shading methods because the textures, under dynamic mot1on, drive
the human motion- f1e1d visual system with a high density of smaT] moving
targets. »

) - B -
v Although there is a significant amoug;/ef’Fgg;;;éh on textured

shading, much of it is not available in the literature. This research
area, is important. The issues revolve around .1) the need for texture
if tonal gradients and hue gradients via invers%i;gzag\shading are not
sufficient, and é)\the effects of candidate textured shading methods in
humain perception (see Appendix B).

3.2.3 Reflection Models

Existing CIG simulators use the simplest reflection (and emission)
model: Lambertian or Cosine Law reflection. The surface radiance is
constant over the hemisphere above the surface: ‘

There are more accurate reflection.models. Some are diffuse

plus specular in that the Lambertian diffuse coﬁponent is used as

" before, but a Specular component reflecting the spectrum of. the

§
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source is added to the'diffuse Others are genera] bidirectional in that

the angular 1ocat1ons of the energy sources and the _receiver are mode1ed
in a somewhat unconstrained model. -There 1s some 11terature on these i
mode]s‘(e.g\ Torrance and Sparrow, 1967). ’

The ré{ject1on and emission models thdt are not simple Lambertian
constant radiance mode]s‘provide perceptual information at a subresolution .
level. Under dynamic metion conditions, specular reflection _provides,

3
mot1oﬁ’percept1on -information. of high prec1s1on at an effectqve resolution

b

finer than the pixel extent. The percept1on occurs as - surfaces translate
and rotate in a continuous manner. The' specular peaks and angular tonal
gradients provide rate of motion and surface orientation information. ,
" There is no one best reflection model for CIG. simulators. Since o

more advanced tone application methods may be used, it is important to
consider hondiffuse reflection computed at pixel sample points. This
;comb1ned reflection and tone sampling approach permits nondiffuse model-

ing in a real-time simulator with an algorithm that is truly linearly .

1S

. complex and can be pipelined. The resulting simu1ation wouTd be a
significant improvement over the cartoonlike and dull appearance of }////‘
present 1magery ) - .
r One other reflection model is shadow1ng, wh1ch can be performed ,”f ZI
off Tine for a specified sun position and then left alone or updated
periodically. Atherton, Weiler, and Greenberg (1978) produced an algo-
rithm that prov1des shadow computation by progect1ng surfaces from a p01nt S
’ source of energy onto the scene's surfaces. Shadows can be important:at
some times of day for’some missions, ,s0 that the ability to cbmpute
shadows- and -store them as surfaces is necessary for some training
ls:’mu]ation§. ' , AU - o
3.2.4 Leve1:of-Detai] Contro]E\
The level-of-detail controls in existing CIG simulators are used as

a data overflow protection. To keep surface and edge dens1ty within hard—

‘ware capability, the range for switching an oBject's level-of-detail mode]
p is adjusted. This adjustment causes objects and their higher resolution
' detail to v1%ib1y jump into and out .of the frames.
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. There is no cure for improper level-of-detail transitioning.
A minimum acceptab1e’transition range for increasing Tevel of detail
exists and must be respected regardless of overload conditions. The
use of proper aliasing controls and atmespheric models can significantly
reduce “the minimum level-of-detail transition range by reducing contrast .
and e11m1nat1ng a11as1ng These two factors (discussed in Subsections -
"3.1.17énd 3.2.1) should improve the situation.

-The extension of the set of primitive surfaces to include points
and 1ine segments a1ong with planar polygons reduces edge and surface
requirements. The reduct1on in, requ1rements can be very high because
the major portion of the scene in the field of view is at 1ong range
where whole obfects appear as simp1e~point/}and‘1ine segments. This -

. representat1on is much easier to compute than are box or other Tow
level-of-detail representations. - *

If 1eve1 -of -detail controls do not bring in the obJect level of
detail at the requ1red range, transitions will .be observed. Contrast
management and more efficient low level-of-detail representations can
considerably reduce the d1sB§!y requ1rements In this way, level-of- )

.detail .transitions can occur at proper ranges without overToad1ng the»'

. CIG simulator. S .

. 3.3 DISPLAY PROPERTIES =~ - S ,
, R The display hardwame has an important role in determining. how the
human observer perceives the slhu]ated ipagery on the d1sp1ay face. pne
prob]em is the perceptua] 1mpact of the - d1sp1ay face itself, d1sassoc1ated
from the 1magery Anothqr prob]emz1s coptrast management of d1sp1ayed

tonal range. = T v '

s Ao . ; K \ !
323.1 D1sp1ay Face ." ?”1z;& . . ‘ .
“r ; Thf}d1sp1ay face can detract From the~ perceptua] accuracy of the -
7" imagery. Segtiqq™2 présented this s1ahat1on in tenps of limitation areas
«raster effegts ?gibsecﬁ1on 2.5), perceived f]atness of the display '
(Subsect1on1219 7nd size and Tontinuity. of the visual f1e1d

Ay (Subsec;1on 2. 11)
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" is not practical,

" play Wbu]d produce a less perceptibie raster” pattern

‘real qut-of-window scen

-intensity variations.

L)
“ . -

The,abiiity of the human to see the boundary -of the dispiay s face

' 5
is a Significant false cue to distancg and motion in the image. ~_591La11y4 u

having the display face imaged at infinity compounds the perceptual error,
The boundary of the display face should be h1dden from the human obsgua&¥%
The boundary ‘of the field of view should be”the cockpit window or, ff that
b11nds or curtains should he hung to perceptually
isolate thg displayed imagery for-any field-of-viél boundary. .- . P
The abtlity of the human to see tHe raster pattern is a significant

false cue.’ The presence of a raster .pattern imaded at infinity sets the =

human-observer's visual accommodation to infinity when normal accommoda-

tion.in the abs¢nce of stimulation is around 1f. It also masks the under-
lying image in the sense of a veil through which one sees the image The
presence of the raster pattern penpeptuaiiy masks 1ow contrast and smﬁﬂj
features and prevents their detection . .

-

Proper construction of the raster scan pattern or shadow mask can
significantly reduce the magking effect. -The human visual system is con-

siderab]y more sensitive to horizontal and vertical lines than to diagona]'

Thus, the traditionai raster display produces perceptual masking
A horizonta11y and vertica11y offset dist

1ines
that is worse- than .t need be.

3.3. 2 Contrast Management A
The tond] range of

e disp]ay’hardware cannot meet the range of
There are ways,to improve the situation by
refully matching the dispfay to the human, observer.

In many training simuiations, a 1og (energy) output scale can be
used. The resu]ting.display has proper relative contrast but is com- '
pressed-in the high 1ntensities where humans are 16ss sensitive to
This approach is acceptable for most applications.

) Another. approachAis to re]y on atmospheric defocusing to blur smalt,
high intensit¥® features so” that the energy is spread over more screen aréa
This approach helps .in modeiing point 1ights as they c]ose]y approach ‘the
observer v At present, the 1ightgs siae 1s adJusteh .to be larger or some

Other trick is employed to produce perceptua]]y.vaiid point Tights.
/\ - . " <
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Image-t?]tering is a potential way+to manage eontrast and obtain

a perteivéd tond1 range beyond the capability of the display hardware.

Cornsweet's illusion (1970) is a key to the contrast mahagement of the

human visual system. A h1gh pass filter with proper shap]ng might

e11m1nate the need for much of the display energy wh11e retaining much

of -the apparent contrast of the imagery. Figure 9 presents thevs1tuat1on,

along one raster with and without /filtering by'the Lap]acian of thé nega-
“tive exponential distribution. Although the situation shown in this oy
f1gure is only hypothet1ca1, it Jindicates the tonal range reduction '
poss1b1e with contrast management via filtering matched to the human N

visual system. This area needs research and-has the potent1a[.for N
large improvement over the 1mited dynamic'tona1 range of display. devices.

3.4 FUTURE ALGORITHMS , ‘ , SRR S

v

The present state of the-art in CIG simulation 1nvo]ves po1nts and

planar polygons, d1ffuse reflection and emission, and only Tow v1s1b111ty
~atmospheric attenuat1on There are areas for improvement in the présent*
. approach.( Ihe set of surface primitités should inciude points (e.q., T 1 v
spheres, circles, and direettona1 1ights) line segments (e.g., cy11nders
and tape§§Q andlplanar polygons. The reflection and emission models m1ght
include specd]ars.and shadows. The atmospheric models m\ght Hinclude T U
" -attenuatith, defocusing, and co]or effects. The tone app11cat1on methods Se
might invo]vegtextured shading. Improvements in these areas, wh1ch were - .
- di&iussed previdusly, could benefit CIG simulation based on {inear - /. .

* A

surface primitives. .

~ {

; The- intent here, is to identify some goais”for these new -approaches
These methods must be perspect1ve1y valid. For example, random no1se not ,
“fixed to the surface is not a valid s1mu1at1on approach There must”be
a11as1ng contro] s1nce as little as 5 ‘percent a11as1ng noise can mask
contrast<\md “thus. destroy the appearance of texture. ‘

The central obqect1ve of any method is to accurately drive the
human- observer S perceptua] system (see Append1x B, Liebowitz). This
concept 1s d1ff1cu1t to measure and is the central area for future per-

-
.

: > ception research applied to CIG simulation.
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3.4.1 High Density of Features \ ) ~ : ,
- T er;ull stimulation of the huméh visual system involves a syfficien
densitysz ddentifiable features at contrast with their projected surround
(i.e., textuggd. Research indicates that a density of features (e.g.,
points, b]obéfi;ert1ces, edges) on the order of 0.5° to 1.5° of apearent

resolution is sufficient for accurate motionwfie1d Perception in the total
absence of contrast imag¢ infprmation. ‘Tﬁis work involves human observa-
tion of dot fields in motion on‘e CIG display.. Research also indicates
that perspectively accurate tonal (and hue) gradients across surfaces can
produce accurate depth perception, but the human ¢isual mechanisms need to
be further clarified. The dyﬁamic appeaeance of textures\and tonal gral"
diengs segms to stimulate visual perception of subjective realism as well

as of a feature's motioh and "distance.

3.4.2 Reflection Models _
The use d?’diffuse reflection and emission results in an information-

poor display. Nondiffuse reflection under dynamic motion conditions produces
.motion and distance information at a resolution higher than that of a diffuse
display. This'effecf steﬁs from the increase in contrast, the temporal
variatjon in tone, and the motion of specular areasﬂgnd tomal gradients

across large projected surfaces as the surfaces move relative to the observer.

The “total reliance on diffuse. reflection is a mistake in that reflectance
computations have truly linear complexity that is fixed accordiﬁg to the
number of pixel sémp]es taken. The over-reliance on polygons results in
a higher densﬁty of surfgce prim%tives in the scene with associated higher
algorithm complexity and statis}ica]]y vééiap]e raster computation.
Reflection using nqndiffuse models, texture, and shadows can fmbrove‘
the observer's perception while using considerably fewer surfaces Histor--
ical deve]opments in the CIG commun1tyahave driven designers to completely
rely on diffuse reflection .and emission, but it is time to reconsider

~tradeoffs. Diffuse reflection eliminates a considerable density 3f.Motion

and distance information #n dynamie motion CIG simulations.-

4
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4. - RECOMMENDED RESEARCH AREAS

[N

Section 3 diséussed the CIG algorithm 1mp11cat1ons for each of ‘
the 12 limitation areas that were introduced in Subsection 1.3. This
section descr1bes the areas of basic perceptual research that have the
most s1gn1f1cant 1mpact on the identified limitations.

Subseetion 4.1 presents an overv1ew of the research that should
be perfommed, 1nc1ud1ng the basic perceptua1 questions that the research
is to answer. Subsection 4.2 d1scusses these research areas from an

algorithm standpoint. .

‘ 4.1 AREAS OF PERCEPTUAL RESEARCH °
The most pressing .need is for research using dynamic scenes! Most

’

of the.basic psychophys1ca1 research has been conducted with $tatic stimu-
Tus displays in which ‘the v1ewer and the objects viewed: do not move.
Thus, there are probab]y severe limitations on applying the conc1us1ons
drawn from such research to situations “in which the viewer (pilot) is

T~ moving rapidly through his environmeht. For example, although the static

chophysical researth indicates that texture contributes little .to the

accura f perception, it may play a far more 1mportant role in dynamic

vscen’es Braunstein’ 's work (1968) would suggest so, but more research
s needed. . .

The proposed research wou1o‘not require the use of real- tﬁme'CIG'
simulator systems Instead, it could be conducted with labaratory (16
systems or with systems that use motion- -picture or video-disc an1mat1on
or motion pictures converted to v1deotape Psychophys1ca1 Judgments
cou]d be studied using abstractions of the information present in CYG
d1sp1ays Once sufficient research is conducted us1ng s1mp1er patte ',
additional experiments using actual CIG systems might be considered to
confirm the conclusions. of these proposed experiments pr1or to making

v any final design deé1s1ons .

Four areas of major ifportance to perception are recommended

for farther'research: aerial perspective, texture, shadows, and

1]
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>rat1ngs of featyres such as sense of se1f-mot1on, sense of depth in the

) m'.' -~
specular reflection. These areas are re]ated and any further research
should make use of their interaction.

1. Aerial perspective. Although aerial perspeCt1ve 1s widely
accepted-as a basic cue to relative distance, virtually no research has

been performed to assess its actual importance. "It is an obvious candi-
date for inclusion in CIG because it is easy to simulate. Thus, its true
effectiveness should be investigated. An important question is whether
aerial perspective interacts with and enhances the effect of texture.

2. Texture. There is little research on the effectiveness of
texture in dynamic scenes. Also, the effectiveress of three-dimensional
texture needs to be examined. .Relative motion within the microstructure
of the texture might be very important. As mentioned above, the inter-

\action between tex#e and aerial perspective should also be investigated.-

-3. Shadows. In theory, the shadows created by directional "illumi-
nation are a rich sourcg of information to a moving observer. .There is
relative motion between the object and its shadow, and object and shadow
undergotd1fferent shape transformations as the viewer moves. Since both
of thegk factors are possible sources of, information to the viewer, their -
actual 1mportance needs to be estabT1shed by research. -

4, Specular reflections. In theory, these can provide information
about relative motion, surface definition and orientation, and re]at1ve
distance. "However, research is needed to estab11sh their actual 1mportance

Two types of dependent measures an also be used. The first type,

which assesses the apparent realism of the d1sp1ay, consists of viewer

display, definition of surfaces, and apparent clarity of the or1entat1ons )
and distances of surfaces and obJegts. The second type assesses the ob-
server's performande on basic perceptual- Judgment tasks. Such measures . °
would include accuraCy of judgment_of motion, absolute and relative, ~

distances, and or1entat1on of surfaces and objects. R
The recommended research for the four major areas is pre<ented A

hext, fo]]owed by recommendat1ons for three areas of secondary 1mportance

-

L

flatness ‘cues , eperceived se1f—mot1on angd update ‘rate.




4.1.1 Aerial Perspective

A1though aerial perspective is always cited as a cue to distance,
there has been virtually no empirical or theoretical analysis of its role
in perception. Thus, the research should probably begin with an a priori
analysis to define the possible—boundaries of the role of aerial- perspec-
tive.. In such an analysis, aerial perspective should be fully defined--
fdr example, it involves a shift in contrast, hue, and saturation as a
function of distance and-elevation, A1though the role of elevation 1s
ignored in most perception texts because they deal with ground- bg;ed
perception, elevation is an important variable for the flier. Consider-
ation should also be given to the possible roles of aerial perspective in
v§?1ous basic perceptual tasks (not just distance perception) and piloting
activities. In addition,. the possible interaétions of aerial perspective
with other types of cues (such as texture) should be considered. Finally,

/cons1derat1on shou]d\be given to the _ways in which the perceptual imppr- -
tance of aer1a1 perspective might be either increased or decreased by the

' spec1a1 propert1es and constraints of computer-generated 1magery (e.qg.,
Timi ted reso]ut1on,/11m1ted scene comp1ex1ty) The goal of this phase
should be 'to define the full” range of possible roles of aeridl perspec-
tive and, consequent1y, the full range of experiments which might profit-
ably be undertaken. It should also be possible to estab11sh priorities
for “the exper1ments . g

The next part of the research is directed toward establishing the
importance of aerial perspective in performing basic’perceptua1 tasks and
Judgments. The'research~can~be“§9nducte&~$nﬁthe-%aboﬁfun3ﬁ but-would—————-—

best be done using computer-generated imagery-similar to that used in
simulators. : - . )

The independen; variables should include not only. the presence of
aerial perspective in various degrees, but also the independent manipulas '
tion of its contrast and chromatic (shifts in hue and saturation) components.
If the chromatic component is found to add little, present weather a1gérithms -
can probably be used. Similarly, the dependence of aerial perspective on

-
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\ground distance and e1evation'sﬁb51d‘be independently manipulated.
Finally, other cues should be manipulated in order to, study their inter-
actions with aerial perspective. t ' T\

) The dependent variables should include measures of accuracy for
percepfion of distance (relative and, absolute), size, movement (of observer
and other objects), orientation and composition of surfaces, and detection
and recognition of objects embedded in the environment. ‘

Another goal of the research is to establish the importance of
aerial bgrspective'for a represenfative set of piloting activities.
This part of the research would be best accomplished in a simulator.
Although this research on pilot task performance would probably
use the same independent vari~bles that the basic perceptual skills
research uses, the dependent variables wou]J be measures of pilot -per-
formance in various piloting tasks. Such tasks might-include low- and
mediym-a]titudé tactical maneuvers (including aerobatics), detection
and recognition of ground-based targets, weapons delivery to ground-
based targets, detectian and recogﬁition of dirborne targets, and landing.
Another important part of this research would be to measure user-acceptance
as a function of the presence of aerial perspective.

J

4,1.2 Teitqre
! Adding texture to a CIG display may be a useful way to reduce the
ambigyity of surface definition, particularly that of surface slant,

distance, and relative velocity. This usefulness, however, cannot

little research has been done on the effectiveness of texture in dynamic

(as opposed to static) scenes. Relative motion wi;hin the microstructure
of the texture might be very important in dynamic scenes. The'effective-
ness of three-dimensional texture and thé\jnteraction between texture and
aerial persbectivg in reducing ambiguities of surface slant or curvaturea_

distance, \and relative velocity are important issues that have received
! k. ] q
virtua]]y\kb attention in the perception 1iperature.
" A , ~ ~d.
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Research on static{tgxtures has generally found that while regular
textures are effective in conveying surface slant to observers, irregular
textures are definitely less effectﬁve,and sometimes completely. ineffec-
tive (Degelman and Rosinski, 1976; J. J. Gibson, 1950; J. J. Gibson and
E. J. Gibson, 1957; Levine and Rosinski, 1976; Newman, Whinham, and
MacRae, 1973; Rosinski and Leuine -1976). A1though research with random
textures in dynamic scenes has shown good correspondence {usually WTth
some underest1mat1on) between d1sp1ayed and judged slants (E. J. G1bson,
et al., 1959), this accuracy appears to -be based on the velocity gradient
1nfonnat1on carried by the ‘texture rather than on the texture gradient ™
per se (Braunste1n, 1968) . . -

Farber and McConkie (1979) suggest that the velocity gradient

may reveal degree of slant while the texture gradient reveals direction,

but this hypothesis remains to be tested. This issue is part of an unan-

swered question that is important to the design of CIG d1sp1ays Is

texture effective pr1mar11y (or exclusivély) as a carrier of velocity

" gradient 1nformat1on or does the texture gradient 1tseTf provide

‘information .that reduces the ambiguity of surface definition? ‘ ’
Add1t1ona1 psychophys1ca1 research using s1mu1ated texture surfaces

in motion is cledrly needed. The basic research could be conducted with

displays produced by motion-picture or video-disc animation. The stimuli

would be variously curved and slanted surfaces moving toward or away from,.

para11e1 to, or obliquely to the observer. A major independent var1ab1e

would be the relationship between the texture gradient and thezve1oc1ty

gradient. The two gradients could be made to provide reiriforcing or cop-

* tradictory information, and the relative weight that’ the observer gives

to these two gradients” in making various psychophysical Judguents cou1d

be assessed. Of part1cu1ar interest wou1d be any differential effect

that these two grad1ents have on Judgments of degree of surface slant

Or curvature -as compared to judgments of direction of s]ant or curvature.

For examp1e the ve10c1ty gradient might serve as an 1nd1cator of degree

of surface slant, but thé observer's accuracy in Jjudging which part of

the slanted or curved surface is the closer might depend-on the tex#ire

-gradient.




The type of research outlined above\;::Ta_ée useful in determining’
whether texture should be introduced into CIG displays, and what the spec-
ifications for this texture should be. If the texture eiemgnts serve only
as cdrriers of velocity’gradients, the. texture gradignfs may not need to
be accurately simulated. Recognizable texture elements may not be necessary,
and symbolic texture elements may be sufficient. If, on the other hand,
the texture gradient is itself of ‘importance, then questions of element
size and recognizability would need to bedgddressed. The key ‘question is:
Are symbolic texture elements and approximate texture gradients sufficient,
or is accurate simulation of element size, gradients, and recognizability
peceésary? The answer to this duestiqn will have a major impact on the
cost and increased complexity of CIG displays that would result from

adding texture.
I

-4.1.3 Shadows . s
It shou1q9§g possible to use appropriate shadows to reduce, the
ambiguity of surface definition in CIG displays. Shadows should be
. especially ugeﬁﬁ] for reducing ambiguit{es in surface elevation, slant,

and curvature. In.theory, the shadows created by directional illumina-
tion are a rich source of information to a moving observer. Two poss{b1e
sources of viewer information are the relative motion between the object
and its shadow and the different shape transformations that the object ,
and shadow unaergo as fhe viewer moves. -

The value of shadows is dramatically illustrated in the space
shuttle sequences, produced b&ban Evans-Sutherland sysiem, and in
the*we1+=knownfpereeption~demonstpation,thatmupsigg;ggyn:yigying of °
a photograph with strong shadows can reverse the apparent curvature of
the photograph's surface features. The research on the effectiveness
of shadows™ in surface perception is extremely limited. The few studies
available concern shadows thig do not change dynamically with changes
in the observer's\viewpoint; i.e., the stimuli are either still photo-
graphs (Hess, 1961; Yonas, Goldsmith, and Hallstrom, 1978) or-moving

_objects on which fixed shadows have been painted (Cross and Cross, 1969).
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-Research, is needed on the.effegfiveness of shadow for easing
the accuracy of judging surface e]ev/iion, slant, and curvat:::e$h\d¥pamic
scenes. Some preliminary research w1th static scenes would be useful both
i in developing response procedures for the dynamic scene research and in
) establishing baseline data qgéinst wh1ch the results with dynamic scenes

could be compared, The need for this preliminary resgarch with static
scenes is due to the extreme pauc1ty of data on zhadow effects in the
.perception literature, as contrasted to an adequate amount of dataJ
texture effects in static scenes. - ]
There are at least three shadow conditions that should be consid-
ered in both static and dynamic/scenes, and a fourth condition that is

applicable only to dynamic scenes: \\\

ot

-

1.

No shadows -
Correct shadows for(the expected d1rect1on

2.
. of illumination

3. Shadows correspond1ng to the reverse of the expected
direction of illumination (ana]ogous to the upside-
down photograph example) y

4. Shadows that do not change dynamically with the
observer's viewpoint.

The Judgments of 1nterest on]d include the height of surface’fea-
tures above the ground plape,.slant of surface planes, and surface curva-
ture. Since cast shadows are likely to affect judgments of the altitudes

. and ve10c1t1es E?;the p11ot s and other aircraft, th%se Judgments should
also be studied. :

’ This research would provide a bas1s for asse$sing the value of -
mode11ng the direction of illumination and introducing cast shadows in
CIG displays.
tance of accurate, dynam1c changes in these shadows

"It should also provide a basis for determining the impor-
An a1ternat1ve
approach would be to add shadows that do not change dynam1"a11y with ‘the-
observer's v1ewpo1nt These shadows would prpbéb]y"be somewhat vdluable
in reduc1ng surface amb1gu1t1es, and they would be less cost1y than
dynam1ca11y changing shadows. On the other hand, because shadobs.that l
do, not change appropriately’ w1th(ihihfes in.viewpoint are likely to

M ’
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result.in {11uéory perceptions of direction of motion (Cross and Cross, 1969),
a choice between no shadows and dynamically changing shadows may be necessary.

" 4.1.4 Specu1ar Reflection )
.o, There has been virtually no empirical or theoretical analysis of

specu]ar reflection's role in perception. Thus, the research should start_:
by defining, on a priori considerations, thelpérceptua1 tasks and piloting
activities that might possibly be affected by specular-reflections. € The
analysis should also consider how specular reflections might iﬁteract'with 4
other perceptua] cues, and how the. importance of specular ref]ect1ons
m1ght be increased or decreased by the special properties and constraints
of computer generated imagery (e.g., limited resolution and 1imi ted scene
comp]ex1ty). ‘This first step will define the range of exper1ments wh1ch *
™\ should be undertaken and should provide some indication of pr1or1t1es.,

are not overlooked. ” - , .

The goal of the next part of the research is to establish the impor-
tance of specu]ar ref]ect1on, on its own and in interaction with other cues,

This step needs to be carefully conducted so that too many possibi]ities\\\\héd/

“in the performance of bas1s perceptual judgments. The research can be con-
ducted in the laboratory, but would be best done us1ng computer- generated
1magery of the type used in simulators. ’
The major 1ndependent variable is the presence or absence of specular
reflection. éﬁHowever, since interaction with oIher cues is of interest, the
other cues should be.manipulated as 1ndependent var1ab1es These other
Var1ab1es might include texture, aerial perspect1ve shadows, and varﬁods P
degrees of scene complexity. ‘ !
_The dependent variables should include measures of accuracy for
perception of distance (3bso1ute and relative), movement (of observer and
%ther objects), orientation and composition of surfaces, and detection N
and recognition of distant objects. ' .
Another part of the research seeks.to establish tHe importance of .
speEU1ar_ref1ect1ons with respect to a-representative set of piloting
activities. This work would best be accomplished in a Simulator.
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r'If these flatness cues are present, the perceived shapes, s1zes, and re]a-

Pl
>
.

f ¢ ) ’.

Thé independent variables for this research are the same as those
described above for test1ng basic perceptua] skills. The dependent vari-

,.§b1es should be measures of pilot perfonnance on such tasks as low~ and

mediwg-level. course navigation, low.and med1um tact1ca1 maneuvers (1nc1ud-'
ing aergbatics), air-to-ground target acqu1s1t1on and weapons delivery,
air-tofair target acquisition and weapons. de11very/ and 1and1ng\K\In this

pha

cceptance i¥ affected” by’ the.presenCe or absence of specu]ar ref]ect1ons
) 5; .?

of the research, it would also be important to measure how use

-

4.1. 5 F]atness Cues . ' .
Current LI1G displays prov1de several cues'to image f]atness wh1ch

may, interfere with perce1v1ng¢the d1sp1ayed scene as three-dimensional.
Instead, the display may tertd to appear in thegplane of the mon1tor screen.

Th1s
- deviation will be in the direction.of the prOJected shapes, sizes, and .

tive ve?oc1t1es will deviate from those 1ntended in the s1mu1at1on

re]at1ve ve1oc1t1es \ , .. {
) The. v1s1b111ty of the moni tor frame‘Tsﬁone flatness cue that could
be.vwrtua11y elimifated.

A*second- cue, v1s1bi1ﬁty.of the raster lines,

could be ninimized. It «is probably infeasible to eliminate the- third

cue, binocular vision, because to do so would require either major tech-

nological changes to. prov1de‘accurate d1spar1ty information or the use: of

monocu1ar vision dur1ng tra1n1ng It is important to determine the serious-

ness of fTatness cues as a 11m1tat1on in" CIG d1sp1ays because the first two

cues could be e11m1nated or reduced if an improvement in training were

e&.p‘ected 3

7 . The appropr1ate research would considek how f]atness cues affect -
These Jjudgments

would include those of surface slant, object size and d1stance and the = |

A1l three cues 'should be

~ the perceptua] Judgments involved in pilot trai ing.

observer's ve1oc1ty relative to the display.

studied:
. the presence or absence of v1s1b1e raster lines, ‘and the use of monocu1ar

vs. binocular vision. RAlthough the effects of the last variable would

- 3. . ) . - ";> ~
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the presence or absence of a visible frame ‘around -the d1sp1ay,
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. not have imnediate imp]ications .for CIG desi aucﬁanges, they would be
useful for comparison to the effects of the .first two variables and- for .

. pred1ct1ng the res1dua1 flatness perception in CIG displays that m1ght
be expected after eliminating the fitst two flatness cues. Other thanm

a weld-known study.by Schlosberg (1941)' st no research has directly
concerned the effects. of f]atness cues on depth perception. Flatnéss
cues are-d1scussed by Braunstein (19Z§, chap, 1). ' . .
4.1.6 Perceived Self- Motion f: . a

Most CIG systems’ "do not produce a strong impression of self- mot1on
Recent perceptua1 research demonstrated that an impression of self-motion
can be induced ent1re1y-by “visual-stimulation, and that this visually
induced'perception;éf self-motion’ dominates conflicting information from
other sensory sy¥tems. A combination of central and peripheral stimula-
tion was found to effectively induce perceived circularvection if enough
moving texture e]emeﬁts!Were present (Brandt, Wist, and Dichgans, 1975)
Per1phera1 st1mu1at10n was fougl to be both necessary and sufficient for
perce1ved 11neacvect1on in-either the up-down (Johansson, 1977) or the
¢ forward- b?ckward (Lee and\L1§ﬂman’ 1975) d1rect1on This research
' suggests that some combination of perﬂpheraW stimulation and moving
texture elements in the central field may be necessary and suff1c1ent
o 1nduce an-impression of self-motion, (This suggest1on is a]so
supported by. informal observat1ons of a strong self- mot1on impression
produced by a s1mu1ator ustpg/a wide-angle, motion-picture display’that
£ . prey1ded both,;exture and peripheral stimulation.) A
Reseprch is neédéd to determine the importance of visuallyinduced
percept1on of self- ‘motion in CIG d1sp1ays The relevant que$tions concern
- "the 1mmed1 te effects of perce1ved self-motion on the perceived rea11sm of
f - the s1mu1at1on and on velocity judgments in the simulator. It would. ge
i s usefu] to cons1der the possible tradeoff between add1ng texture to the
) centra] f1e1d and providing per1phera1 stimulation, In1t1a1 #esearéh
mf@ht e]gclt Judgments of rea11sm perceived self-motion, and approach

- and 1and1ng speed 1Q‘the presence of combinations of varying levels of
. texture 1n the central field and the presence or absence of peripheral
st1MU1at1on o
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"+ ‘can be expected to decrease the d1sp1ay s realism’

The parameters of.the per;ipheral stimu]ation’to pe-tested (eccen-

tricity, field size, etc.) can be obtained from'existing~1iterature
The relationship between the effectiveness with wh1chJse1f mot1on,1s
v1sua11y induced and the aneptance of the S1mu1at1on wou]d also be of
1nterest Finally, the relationship of v1sua11y 1nduced mot]on percep-
t1on to mechanical motion systems should’ befzgmsrd&r ad s1nce recent
research (Lee‘and Lishman, 1975).1nd1cates that v1sua1 1nformat1on over-
r1des propr10cept1ve 1nfonnat1on An, effect1ve system for visually in-
duc1ng se1f motion percepfﬁonxm1ght reduce the need for mechanical motion’
’ systems The perceived realism of motion simulation should be investigated
_using combinations of optimal visually induced perception of se]%-motiom
and mechnicaT systems.” In this way., the conditions (if any) under which
the addition Qf propr1ocept1ve information to v1suéﬁﬁsystems 1mprq¥fs

pildt percept1on and performance can be determgped

o L}

4.1.7 Update Rate - . + ‘
Although most state- of the-art CIG systems are capab1e of upd%t1ng

at the refresh rate (usually 60 frames/sec), slower update rates are
current1y used, even in some new systems, to increase the. -number of
edges that can be displayed. It is known that refreshing at a mu1t1p1e ’
- 0f the update rate can result in the perception of multiple 1mages For
exampTe a rapidly moving spot in a d1sp1ay updated 18 times/sec and re-
freshed at 54/sec is perceived as three d#stinct spots moving toge;her '
(Braunste1n and Coleman, 1966). Th1s perceptua] mu1§1p11cat1on of images
It also provides a
cue to velocity that is not present iin d1rect v1s1on

tien ofdthe perceived images of a mov1ng spot is. & function of that spot’s

The spatial separa-
velocity. Thus, if one runway edge dight is perceived as two }1ghts, for ~.
example, the perceived separation of the lights provides an art1f1c1a1

cue to ]and1ng speed. Ja\\3 .

Since this limitation does exist and can be eliminated, the issue
of interest is the tradeoff between accepting this limitation and the

"» additional computing load or reduceg,number of.egéés‘that its elimina-

tion would cause. Some system designers have accepted the predence of
&g‘ 3 . . - ’
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- perceivéq muitip]e images_ in prder to increase the number of displayed .
edges f0r=a constant comput1ng capability. To objectively evaluate
. such de91gn decisions, research 1s needed to determine how detrimental.
multiple images are to training. N
The requ1red research would use comparable displays that differ
‘in update rate C30/sec vs. 60/sec) buf’are constant in refresh rate ’
(60/sec).. Judgments of rea]fsm and trainee acceptance should be obta1ned‘
. for -the two.update rates. The most important issue is how well tra1n1ng
transfers Frpm displays at each update rate to, d1rect vision. To ‘assess
the prpbable effects of update rate variations on ‘transfer of tra1n1ng
.w1thout usmng actual f11ght e, transfer ofstra1n1ng in making acturate
ve]ocvty Judgments could béfizmessed by using displays with either the .
same or d1fferent update rates. That 1s, ‘subjects trained to make veloc-
ity Judgments at the 30/sec or 60/sec update rate would be subsequently
ctested at the. same .or the other rate. If there is a significant decrement
in going from the 30 candition. to"the 60 condition, Jt would be reasonable
" to suspect that cues are- present in the former that do not transfer to the .
latter, and that a s1migar decrement might ar1se in go1ng “from the 30 con-_
ditfon to direct vision, The nontransferring cues might then be investi-
* gated in more deta1ﬁ to detenn?ne whether they could be reduced w1thout )

1ncreas1ng the update raﬁe SR

~ 4.2 AREAS FOR ALGORITHM RESEARCH . . :
Several . re]evant.areas fow a1g0r1tmn research are important to both

current and advanced 16 s1mu1at1on technology. The First. area needing
s earch is’smdoth shad1ng methods, since the Gouraud shad1ng used since

1971 s perspect1ve1y inaccurate. The second ansa requ1r1ng 1nvest1gat1on
“is textured shad@ng, since there is some psycho]dg1ca1 evidence to 1nd1cate

a that simple tona] grad1ents can be Just as effectTve 3s the severa]xapproaches

~-to textured shad1ng that have manyhggrlable parameters assoc1ated W]th them:

AN

Unt11swork-bn perspect1ve1y va11d smooth shading and some known textured
shad7ng apprdaches is performed’and‘compared, 1mportant 1nformat1on w111

. be 1ack1ng; C : o :
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The third area for research is general. ref]ect1on whi1e present CIG
simulators rely totally on diffuse, Lambert1an ref1ect1on, the need for more
scene complexity in the form of edge capacity has been eypressed. However,
general specular reflection can add significant disp]ay comp1exity without '
edges, and the reflection algorithm (unlike edge processing a]gor1thms) “s
tru]y 11near in complexity without buffer requirements. . . = -

The fourth research area congerns shadows, since they are d1ff1cu1t
to cOmpute for po1ygon based systems. The fifth and final area concerns .
co%ﬁrast management. There is psychological ewidence (e.g., Cornsweet's *
i1T%¥sion) that processjng can prodice the perception of high contrast, *
without the correspond1ng need for h1gh energy output on the d1sp1ay

i

4 2 1 'Smooth Shading
- . If Gouraud shading has significant negat1ye impacts, they need to

be 1dent1f1ed Gouraud shading is the common algorithm for smooth shading,
even though it is perspectively invalid (Subsection 3.2). ‘The inverse range
shading method is Perspectively valid but involves more computation. Thus,
ana]yses and tests of rthe psycho]og1ca1 1mpacts of these two smooth shad1ng
-méthods_are needed. E@ S ’ S P .

.- The ana1ys1s of smooth shading methods is based on perspective

-
&

geometry and human spatial perception. The geometry is simple*to compute

~

in both scene and scr en spaces, but the perception is not easily analyzed .
- for general‘cirtumstaﬁcee At issue are the basic mechanisms used by theq/
human to. perceive the scene (e g., flat surface, source of perceived

_gradient). - :

The experimentation with shade application methods should invo]’k
dynadmic scenes in order to provide the types of displays used in flight:

2f§imu]ationn Otherwise, fa1sesconc1usions based on static displays may

. ocquh. Subjects can be shown the displays and asked what they saw,

what motion occurred, etc. The disp]aﬁ% can be a single’flat surface, -
with e1ther Gouraud or 1nverse range shad1ng along some.motion path.
‘;The motior paths might 1nc1ude stra1ght lines, with and without rotation,
' and hypenho11c descent. Different geometries need to be tested for

L4
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sen 1t1v1ty to any 1mproper percept1ons due to Gouraud shading. These i
tests and their ana]ys1s can be the starting pofht for a family of exper-

iments. By designing experiments thatspresent the test subjects with

.dynamic scenes shaded according to the d1fferent shade application methods,

the perceptua1 perfonnance resu1t1ng from the different methods can be

_determined. . . .

-distance and motion.

ground plane surface for th1s research.

1 ’ ;
4.2.2 Textured Shading o .
’ . Y. . . .
There is a.need to predict the relative merits of tonal gradients
and texture patterns both s Although several

efforts have been started to analyze and-develop texture methods, .

arately and together

psycho]Og1caT evidence indicates that simpler tonal gradients provide
strong mot1on and‘ﬁistance cues which may be as strong as. those proqued
by texture. Thus, analyses and tests of the psycho1Og1ca1 impacts of
these two methods are needed. ’ < M Lo
The ‘analysis. involves perspect1ve geometry and human spatial per-
cept1on The ana1yt1caL bases are the same as needed‘for eva]uat1ng ‘.
Gouraud shading (Subsection 4.2.1).

of texture.

The d1fference 1s in the eva]uat1on
The important var1ab1es used “in texture are element siZe,
density, and hierarchies. There are seVera1 very d1fferent approeaches
to textured shading suych as texture tiles, bombing patterns, per1od1c
functions, and r*andom generators Ana]yz1ng ‘and controlling the var{-
ables in each textur1ng approach #s 1mportant

THe exper1mentat1on with smooth and textured shad1ng should proceed
much as described"in Subsection 4.2.1. Dynam1c motion sequences of 5 sec
or more can be .shown to subJects who are then questioned on what the scene
consisted of, what mot1on path they took, and other re]evant aspects of
The motion. paths shduld. be simple; elg., stra1ght
Tines with and without rotation and Jpeed changes, hyperbo11c descent te
the grdund plane, sor "S" turns. The scene should be®a simple, single
Thus, all the subject sees is mi

the shading method on the surface and the horizon. This approach has

. worked very well because no other cues are available to confuse results.

-
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The d1fferent texturing mgthodg shouTd be compared to tona] grad1ents

for accuracy of cues.

4.2.3 Shadows .
Although the inclusion of shadows can make significant differences

in human perception, shadows are hard to compute and tonsume valuable
edges in polygon-based CIG simulations. However other approaches to
TIG simulation may pemit shadows to be used within system constraints. N

s > 'The analytic and exper?menta1 work with shadows should deal w1th ‘

*Defense Mapping Agency terrain. This type of scene is difficult to model

. and thus represents a 1imit on simulation oerformance.\ The use of shadows :
may signjficant]y improve the human perception of terrain in advanced o
simu1ation~ Standard test procedures shou]d be used to study terrain dis- -
plays with and without shadows /1nc1ud1ng the motion paths deve1oped for the o
research areas described above. The subJect views a 5-second motion sequence’
and 1s‘asked what the scene consisted of, what motions occurred, and whether

«  shadows helped 1nterpretat1on This procedure sbou]d ‘be used for gent1e and
" rough terrain and high and low scan ang1es

»

4.2.4 . General Reflection - . . .
The use of nondiffuse, hon-Lambertian reflection could lead to the

need for fewe(\efgiz an to better humén perception. ‘Because diffuse

reflection yields Teatureless surfaces without internal structure (or even

~visible boundaries in some aread), unrea]iStic .and.cartoonish imagery
resu1ts and there is an absolute reliance on édges to carry scene display
1nformat1on The several reflection methods that can be used instead, of,

-

diffuseg ref]ect1on.can Produce realistic surfaces that appear to be dynamic
and héﬁ%'h1gh11ght (i.e., specular) that follow the mov1qg ‘observer around

»

the scene. 5,” ‘

—_ Thelana1yses and experiments parallel those described in Subsec- °
tion§"4.2.1 and 4.2.2. . A single grouﬁd.p1ane-with or without texture *'
should be displayed with a general bidirectional reflection mode. The
Sfandard motigon sequencer should be used. - A1l experimental results.
obtained for the-different a]gor1thms--1) Gouraud vs. inverse range

!
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shading, 2) attenuation gradient vs. various textures, and 3) one general

‘reflection model vs. another--should be compared to detenn1ne which comb1-

nation(s) of a]gor1thms produces the best perceptions. -
[}
4 2.5 Contrast Management

D1sp}ay dev1ces have limited energy output which results in limited
dynam1c range.

*

The use of contfast managementtto maintain, the d1sp[ay
energy requirements within device limits has_ significant benefits. There'
are experimental results--e. g', Cornsweet's illusjon (1970)--which indicate
that d1fferent1a1 filters reduce the energy ‘output requ1rement for a g1ven*

' contrast percept1on

4

v
The analysis involves human ret1na, 1atera1 gea1cu1ate and striate

s

[
-~

cortex physiology. It seems that the response of the v1sua1 system to
imaged .1ight is the-Laplacian of the GausZian - distribution involved with -

the image.

specia]f&z
he

plays. of standard,patterns such as bars, crosses, €ircles, hinges, and
checkerboards If these displays produce good results, live and simulated.
e(tested Unlike the four research areas d1scussed .above,
this work may not” lead \\ﬁrelevant algorithms; however, it does offer the
opportun1ty to s1gn1f1cant1y 1mprove CIG displays.

Given this 1nfonnat1on, an attempt might be made to devise B

lters that are blind to the v1sua1 system and reduce—cOntrast
experimentation based on these analyses involves ‘dynamic dis-

magery should b

——’\‘
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Appendix A -_Z; ‘ .
N - CONSULTANT INTERVIEWS ]
Yoy 9 L2 :
.+ This appendix presents detailed reports of 1n/erv1ews with perceptﬂa]-

know]edge experts. These reports uere wr1tten by members of ,the program.
The experts 1nterv1ewed include:

1. Conrad Kraft and add1t1ona1 members of the . Tk
- Crew Systems Division, Boeing Aer%space Company -——- :

2. \Herschel Leibowitz, PennsyTVan1a gtate Un1vers1ty E.3
3. "Allen Pantle, Miami University .z '

4. Tarow Indow University of Ca11forn1a at Irvine’ .
5. Walter Goge] University of Ca11forn1a at}Santﬁ Barbara.

A.1 INTERVIEWS WITH BOEING PERSONNEL (19-21 April "1979)
A large number of issues relating to perceptual aspects of CIG

d1sp1ays were discussed with Dr. Conrad Kraft and other Boe€ing_personned.

The points brought out 1n the“discussion are organized into three categories:
CIG problems, that rema1n in state-of-the-art systems, 1ssues for the model-
.builder, and research areas that are expected to contri ute to 1mprovement
of CIG displays. 'xi\\e - -

" A.1.1 "CIG Problems
i ~Image Doubling

.

-

Two conditionélare necessany for image doubling: to occur. ‘ One is
that the-update rate must.be s]owér than the field rate, i.e., a given"

th .. N “_

object's position is updated or changed only on every n~" field, where

v nal.' Second the angular ve]oc1ty of the object must exceed a critical’
value. " For commerc1a1 aircraft, obJects on the ground (such as runway
1ights) exceed this~velocity 'during landing, takeoff, and even short
radius turns on the ground. The critical ve]ociiy would be exceeded ‘
more "‘ofteri in tactical aircraft. The proﬁlems caused by this phenomenon -
are reduction of realism; negative transfer because artificial cues to

¢€: .velocity are given, interference with visual recognition and identifica;
tion tasks, and poss1b1y the generat1on of fa]se mot1on 1nformat1on

through ‘strobe effects .
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A pdssib]e perceptyal ana1y§is is as follows. The odd fields show
the object moving smoothly throughwthe field'of view, i.e., position is
chanéed at. a uniform rate from one presentatjon to another. ‘The’resu1t

' is a percept of a single, smoothly moving object. The,even fields act
similarly,-. generattng a second percept of a‘single, smoothly moving
'object However, _these two percepts are not fused’ 1nto one because
there is not commensurate motion of the object from the first field to .
the second. To fuse the two pergepts,;1t would be necessary toeperge1ve

N

a'single object moving, halting, moving, halting, etc., across tne field.
Instead, the visual system organizes the information as two sebarate but
smoothly moving gbjects. The repeated move-halt pattern can be .treated -
as the result of a smooth mc.sement component and a sawtooth componemt
having a fundamental frequency equal to the frame rate. The visual

foMeﬁs u’ )
%1 “Flat Earth Model . | . . X
f’ & Becad%e current data bases use a f]at (rather than a spher1ca1)

’/ earth /ﬁne result is that the distance between the end of a runway and
the’honrzon s distorted.t That is, tHE ~separation. is _greater, than would

) be the ‘case w1ﬁh a spherical earth. The effects of aerial perspective

‘/w9u1d also be distorted. Unknown effects on the perception of d1stance

7 “and orientation may be resu1t1ng from the artifactual flatness and -

-

d1st9rted position of the forizon.

. » #
, ' Color Temperature Changes . -

Present'systens do not represent the substant1a1 changes in"eolor
temperature of the 111um1nat1on which Qefurs at dawn and dusk. ®Perhaps
more 1mportant when the sun angle is low, there are marked color tem-
perxfure _Changes dependyﬁg on whether flight is into or away from the

sund " These changes might be,part1cu1ar1y helpful in Tow- altitude
/

°, tact1ca1 visual flight guidance.

- -
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Lack of D1rect1ona1 Sun

§

V1s1b111ty, glare, and 11ght scatter1ng effects change drast1ca11y
as' f11ght ‘heading is aTtered with respect to the sun.. These effects,
‘which are not represented in pnesent systems, are probably very 1mportant
for certa1n kinds of tactha1 tra1n1ng because they can be exp1o1ted by
a pJKQt (or hts enemy) to*prevent visdal detection and recognition.

" Other CIG Problems. .

An algorithm is used that causes d1so1ayed Tights to grow in an

area up to a maximum size. An illusion of shrinkage occurs when the 1light
* size rezéhes\its maximum and ¥s held constant.
*Saturated colors may make obJect detection too easy. TheZV1ew was
exﬁressed that more edges may be needed to make detection more realistic.
Color matching for mu1t1p1e mon1tor displays was .considered to be
nearly « 1mposs1b1e due to pecu11ar1t1es in picture tubes and driving "char-
acteristics. If two monitors are adjusted so that co]or matches are

R e

sat1sfactory at one Tuminance, the matches may be unsat1sfagtory at other

Tuminances. - . .

«\&Q“ The distance .at which runway markings become visible was considered
critical to performance. Im the simulator, this d1stance varies w1th
Tuminance settings, thus mak1ng realistic s1mu1ag1on difficult.

Alias.ing problems may serve as, distractors in air-to-air and air-
to-ground tasks The pilot' s attent1on may be attracted to some area of

the d1sp1ay because’of an a11as1ng problem, thus caus1ng a decrement in
detect19n of a target e1sewhere in the display. ve s

A comb1nat1on of fad1ng and b1end1ng was cons1dered to be a
probab1e so1ut1on td the CIG prob1em of mak1ng Tights gradua]]y disappear.

A»l 2 Issues for the Model- Bu11der o : 7.
1. ‘Should the max1mum visibility be 11m1ted perhaps to 40 m11es?

; 2. Should there be preset configurations of atmospheric condi-
tions from which tHe instructor would se1ect, rather than
seoarate]y var1ab1e parameters2*

"3 There seemed to bé " genera] agreement that a_sun mode1 would
be useful to provide realistie %hadows and some s1mu1at1on

Vwr' I » -
of ‘glare ‘effects. ' . & ™M i
\) - . -
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In developing the final data base for a new simulator,

it was necessary to pare a larger available data base to a
manageable size. Two criteria were’used, one of which was- |
the maintenance’of realism, especially through the inclusion - -
of specific features needed for training purposes (e.g., .

a specific.building. that pilots used as a cue for turning).-

The second criterion was the maintenance of essential visual
cues, which was sometimes accomplished with artificial

features rather than with features that attempted to match

the rea] world. . - .

LN

Enough det§~1 is needed in the far periphery and forward
to- provide ‘rejJative mofion cues. Farther out, the rect-
angular pattern of the runway with some differentiation
should be sufficient.” Regular patterns in the far
periphery or straight ahedd should be avoided as these can
cause percelVed movement reversals.

A.1.3 Suggestions for Needea Research

- 1. Present data on, centrast sensitivity functions seem to be
ddequate in form.. A-different format is not suggested,ex R

effects of curved and flat horizons on judgments of - .. ——
istance, shape, and orientation. F11ght performance s
tasks do pot need to be used as measures.

Effect of the size of the field of viegw on the accuracy
‘of metion perception, perception of self-motion, and
performance of various flight and gunnery tasks..

Questions ‘about thresholds for 'motion-perception and
¢ linearvection based on motion displays presented to the
“far periphery include’a) What are the latencies fory '
these perceptions? and’b) Are some pilots more-sensitive
than others to movements in ,the far per1phery7 o o

5. Other quest1ons about motion percept1on include: What
individual défferences exist in pilots' use of vestibular:
vs. visualgmotion®cues and in resolving per1phera1 vs.

‘s, Centra1 mot1on percept]on conf11cts7 ’

-

'.6. The effect of update rate on the accuracy of mot*bn and
velocity judgments, perception of self- ‘motion, and perfor-
”  mance of detection and recognition tasks involving obJects
with moderate and high angular. velocities. 5

7., Size and contrast thresho]ds {or per1phera1 vision.
"How much detail is needed for 'adequate perception of
orientation.and motion? (See Le1bow1t2 Tnterv1ew
Subsection A.2.)- .

' .
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8,

9.\

10.

1.
12,

13.
14.

_15.

- combat),
,- changes of a smatl spot, poss1b1y produced.in the simu-

18.

IR

-algor1thms which reduce reso]ut,pn

A2 INTERVIEW WITH H. LEIBOHITZ (28 April 1979)

~,
’

-

Effect of blur and reduced resolution on performance of

various flight and ‘gunnery’ tasks. meortant for setting
display specifications and for eva]uat1ng anti-aliasing
Additional information is needed on the detection, recognition,
and orientation of distant air and. ground targets. What are
the real detection and recognition ranges? What stimutus
properties (e.g., ‘'spatial frequency components) are actually.
used? This -information is ‘needed for fitting CIG systems to -
specific training rqulrements . -

Assessment of “individual differences with respect to
detection and recognition performance, use of peripheral
v1s1on, and perception of motion. An important question
is whether pilots, as a class, tend to differ from. the
general population with respect to these characteristics.

A need was/\%pressed for a measure of. scene complexity.

There is a need for transfer of- tra1n1ng studies. The
same perceptual and performance measures shou]d be taken
in actual flight and in simulators.

Can a- need be demonstrated for the use of co]or7

What is the optimum tradeoff between resolution and
field of view? \

For detection and recogn1t1on tasks Ge q , air-to-air
data are needed on the recognition of attitude

4

1ator w1thdnserts

Research is neéded 6n the 1mportance of using the side
w1ndows . q

Defining the, s1de of a h117 m1ght be 1mproved by the use
of shadow, surface shading, and rounding of contours.
Research ,is needed. on whether texture would be helpful,

N I
Some of the-needed reséarch could use perceptual measures .,
(e g., magn1tude estimates) 1nstead’of transfer of training.

NL e
e v
toe

“

.

. IProfessor Leibowitz d1scussed tﬁe st1mu1at1on requ1réd bx the -
arD amb1ent syStem, factons 1nffﬁen§1ng accommodat1on the” anteractaon of

. the v1s10n system and the percept1on of mot1on, and the 1mpact of ste

. and shape tonstpncy on CIG. d1sp1ays§h§]n add1t1on, Professor Le1bow1t2 ‘

-

>

i S . '
= stated ‘thé. siereo d19p1ays, color d1sp1ays “and the 1nc1u§1on*of RN
. chromostereons1s are dod | necessary for fhght stulators ’ ~;’t. T .
e d, ' e g . o .ty » L .
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_ A.2.1 Per1phera1 and Amb1ent V1s1on . .
T Much recent ev1dence suggests we have two visual Systems: '
"1) the focal system, which Ty uses’ the central part of the visual k4 ’

I .

f1e1d and, provides informa 1on abbut f1ne detail and form, and 2) the ,
amb1ent system which uses the per1phera1 part of the visual Field and -
provides information about motion and spat1aJ location and or1entat1on . ‘ .
~ Becausé many probTems 1n f1y1ng 1nvoTve orientation in spage, it is .
T important to provide adequate stTmuTatwon tq the ambient system However,
it is prgpably not necessary to prov1de deta11ed infonhation. Fof exampTe,_
c1rcu1arvect1on--the percept1onfof self-motion produced by rotat1ng the
vigtal f1e1d--1s unaffected by severe bTurr1ng of the ret1na1 ipage or by
large varTat1ons in’ luminance, (Lerbow1tz, Rodemer, “and D1chgans, 19??) o
St1mu1at1on of the ambient system probabTy requires a Targe»f1e1d of ° v1ew

-

~ but tittle detail. * L > B e VA
o A -hypothesis about night- dr1v1ng acC1dents 1s reTevant to- s1mu1ator '
displays. At n1ght the amb1ent system is” adequatetly st1mu1ated desp1te | \
3 Tow,iTTum1nances The driver receives adequate 1nformat30n about h1s : i n‘:ﬁég
10cat1on and movement 1n space and therefore feels cohf1dent However, . : :
becauSe the Tow 1]1um1nat1on hampers “the focaT system the’dr1ver does RS ' B
not receiye adequate 1nformat1on about obstac]es, road defects,” and other . tﬂ

. features which cause acc1dents ATthough the v1sua1 d1sp1ay.1n a s1mu1ator
may provide enough 1nfonuataon to the amb1ent system. tb produce a. fee}1ng . - . -
\ of rea11sm and conﬁadence,~adequate deta?] fo?*the %oca] system and for ; LT

perform1ng the tasks 1¢ m€ﬁ1ates may be Tack1ng, Thus, aufeelgnq 8* vl s e,

.5 godderea11sm 15 “not an ade&uate assessment : ; i :_ %.gﬁ P " ] I
“:t% ,As fZ‘Y c dat1on . Tt €§ “’ i "y:;i “?tb T R }it:5:5 E {-
f,) . 5 P Eﬁ ‘the absence of qppropr1ate st1ﬂg1a%l32; adcommoda§1on seeks,a . ‘;-
A 'rest1ng state,which varJes from one individuad another ATthough th%‘ i
-"”) range of var1a§§on-1s *argé the rest1ng ‘state for the maJor1ty of persons . :
) ; ) tested';i‘i1tn3n one meter " The’ rest1ng state 1s measured in the dark % Y oa.f
* "™ howeve > in dividual accommodat1on 1n certa1n other situations’ 1s h1gh1y T "
“4 K corre]ated with the’ dark state These other s1tuat1ons 1nc1ude n1ght . ;” 8
sett1ngs and émpty- f1e1d s1tuatJons (such as a p1Tot eneounters wben :_ I
PR :in the a1r) _ : I ’ R, qthT‘j‘m ;'j<f
A . - | . | ,, ?ia',”' o .," ce T ,3' -
. < L




tfrom the dark focus, towards the locus of the object f1xated

In other s1tuat1ons, accommodation is a1ways a compromise between
the dark focus and" the accommodation. appropriate for the object fixated.
The variables which control accommodation have not been. completely worked
out. However; as illumination and contrast increase, the compromise moves
For high
contrast patterns, Owens found that the 1ntermed1ate spat1aq frequencies

(those at.the peak of the contrast sens1t1v1ty curve) more effectively

-control ‘accommodation thah do either ‘high or low spatigl frequenc1es

Peripheral stimuli (such as the edge of the cockpit window) play a role ™
as well, Thus, accommodation may be viewed as a three-way compromise
among the individual's dark focus, the locus of the object fixated, and
the Jlocus of peripheral objects. Stress alsc appears to play a role.

Some attempts have. been initiated to improve visual performance
at night be providing the viewer with an individual optical correction .
equal to one-half the dark focus. The results appear promising.

The f1nd1no by Owens (1976} that the middle spatial frequencies most

»

effect1ve1y stimulate accommodation rejects an earlier specglat;on that _ -~

the absence of high frequency components from a CIG display might Timit
its capac1ty to stimulate accommodat1on It would appear that the major
problem n‘y be quite .the opposite; i.e., if the raster is reso]vab]e, it
may pfov1deoa stimulus fongaccommodat1on ta distant objects* which would
be absent from the normal cockp1t scene‘~'Thus, distant ‘objects and air-
craft wou]d be detected and recoqn1zed more qu1qk1y in the simulator

than in an@actua] a1rcraft

AT2.3 Percept1on of Met1on‘

Percept1on of motion involves 1nteract1on of the® visual and ves--
tibutlar systems HoWever, in magy cases it may be cheaper to produce:per-

cept1ons ‘of mation by means of visual d1sp1ays than by means of mechanical

motion,

Furthermore, certain kinds of information are signhaled only by

the visual system (

vestibular system) . .

B

e.g., constant velocity motion is not S1gna1ed by the

s

~
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A.2.4. Size and Shape Constancy . . . : -

v

S1ze and shape constancyvrefer to the ab111ty to accurate]y perce1Ve
an object' s size and shape regard]ess of éhe viewing d1stance or. v1ew1ng
ang]e._ Th1s ability provides an index of complex perceptual perfonnance
with respect to the judgment of size, distance, shape, orientation, and
(sometimes) motion. . "

Blurring=of the retinal image and reduc1ng the st1mu1us'1um1nance
and viewing t1me do not affect size constancy, a]though reducing the s1ze
of the v1sua1 field does. These facts«support.the hypothesis that size .
constancy s mediated by the_ambient visual system. They also suggest
that, "in the visual simulator, the size of the field of view is more
important than the amount of detail for the-kinds of visual judgments
répresented by size conStancy On the other hand blurring and the
reduction of lumirdance and viewing time do reduce shape constancy
These latter facts suggest ‘both that shape constancy is med1ated by.v~
focal vision and that, with respect to display systems, "good resolution
and deta11 are important to the perception of'shape and orientation.

A.2.5 Stereo Displays® . P
Le1bow1tz has written a report show1ng that the 1nformat1on pre—

sented in a stereo display can also be ebtained from a nonstereo d1sp1ay——
without the extra expense and 1oss of reso]ut1oQ'wh1ch stereo entails.
" . Thus, stereo displays-do not appear worthwhile. -

A.2.6. Co]or |
Le1bow1tz believes that color adds 11tt1e essent1a1 information.

There may also be a report on this top1c Le1bow1tz suggests contact{pg
Dr. Milton wh1tcomb - . ' ' - / ¢§

<

A.2.7 Chromostereopsis

- v./

Le1bow1tz believes that this phenomenon is not cr1t1ca1 for f1y1na
S1tuat1ons and flight s1mulators Since the effect is 1arge on]y when,
the v1ewer 's pupils are “small, in a natural v1ew1ng s1tuat1on with ,/

natural pupils, the effect is small. 7

98 ‘ o/ A

' L

.




> o " 99

-~
&

-' - - \
A.2.8 References

Dichgans, J., and T. Brandt. " The psychophysics of visud]]y induced 9
perception of se]f-motion. The Neurosciences: Third Study Program, 1974.

‘ . Visual-vestibular fhteraction{_ effects on self-motion per-'
ception and postural control. In R. Held, H. Leibowitz, arnd H. L. Teuber .
(eds.), Handbook of Sensory Physioldgy, VIII: + Perception, Springer, 1978.

‘Held, R. Two modes of processing spatially distributed vision. The
Neurosciences: Second Study Program, 1970.

‘Hennessy, R. T., and H. W. Leibowitz. The effect of a peripheral stimulus
_ on acgommodation. Perception and Psychophysics, 1971, 10, 129-132.

,/Ké?;t J. L. Visual resolution in the periphery. Perception and

h

Psychophysics, 1971, 9, 375-378, ‘
Leibowitz, H.' W., and D. A. Owens. New evidence for the intermediate

position of relaxed accommodation. Documenta Ophthalmalogica, 1978,
- 46, 133-14]1

Leibowitz, H. W., C. S. Rodemer, and J. Dichgans. The indépehdence of
dynamic spatial orientation from luminance and refractive error.
Perception and Psychophysics:, 1979, 25, 75179.

Millodot, M., C. A. Johnson, A. Lamont, and Hi W. Leibbwitz. Effect of
diotrics on peripheral visual- acuity. Vision Résearch, 1975, 15
1557-1562. : ’

.. ) ]
Owens, D. A. Factors influencing steady state aCcommodation. Ph.D.
.dissertation, Pennsylvania State University, 1976.

Owens, D. A.,’and H. W. Leibowitz.* Chromosteréopsis with small pupils. R
Journal of the Optical Society of America, 1975’.65’ 358-359. "9 '

— . .Night myopia: cause and a possiB]e basis for amelioration.
American Journal of Optom. and .Physiol. Optics, 1976, 53, 709-719 .

‘/(

\

A.3” INTERVIEW WITH A. PANTLE (7 May 1979) L R
Professor’ Pantle*discussed the masking effect of the raster %tterq,

the effect o¥‘update rate on the perception of motion, the corretation p

betwgen spatial ﬁregdency and motion detection, and .the correlation of

dynamic texure.

A.3.1 Masking ) y, ' i .
', Masking refers to the fact that the presénce of .one stimulus or one

. fstimulus component may interfere with the perception-of a second stimulus

‘or component. The phenomenon is - relevant for two, reasons. First, to the



<

extent that the raster is resolvable, the raster structure may interfere
with the perception of objects represented iny the display. A know]edge
of masking is needed for selecting the opt1ma1 character1st1§§ of the
raster and for ameliorating any mask1ng effects of the raster by appro-
pr1ate modificatiéns of the data base. Second, masking 1s the psycho-
phys1ca1 research area most relevant to the effects of "c1utter" on
detectionand recognition. A knowledge of mask1ng is needed to optimize
gW clutter effects,while still remaining within the limits placed on the
_amount of deta{i_pes21b1e in CIG displays.
The basic findings on Masking are summarized in a-technical report
by Pantle (1974). There have been no fundamenta] advances s1:}e then.
, "However, Sansbury and Legge recently did some; 1mportant ‘work, and their
resu]ts are presumab1y now being prepared for publication.

To a large extent masking can be treated as filtering. The effect
of the mask is equivalent to filtering out or selectively attenuating com-'
ponents which are_similar to the mask in orientation and spatial frequency
(or or1entat1on, size, and pos1t1on) d1nsberg g work is highly rgjevant
he has looked at the effects of various-kinds of sel t1ve filtering on

the percept1on of tomplex scenes and patterns His work.is summarizeg B
in an Air Force Technical Report which is "presently being prepared for
publication. However, Ginsberg does not deal with theqdichotomy between
sustained and transient mechanisms (see Breitmeyer and Ganz, 1976; ‘
Tolhurst, 1975), nor'doeslhe deal with dynamic scenes. With respect to

" the Tatter, high frequency mask1ng stimuli may 1nterfere with the per-

.

teption of micromovements:

A.3.2 Update Rates , i )
. Good apparent.motion can be seen with 1owgupdate rates. Haowever,
a motion aftereffect is not produced if the object moves too far from one
'presentation to another, i.e., if the update raté is too low. - The Tack '
of adaptation is important with respect to simulators. A Tow update rate
m1ght Teave the pilot unprepared for the effects of: adaptat1on wh1ch
occur in the natural sityation., The Jack oﬁhadaptat1on also suggests
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\ that. the mechan1sms being st1mu1ated at Jow update rates are d1fferent
- from those at high update rates.: ‘ '

.

In addition, a high update rate is needed if micromovement is to
"be perceived?) Micromovement is the movement of a small object within a
large cluster, e.g., a tank within a group of tanks. -The critical inter-
val between presentations is 50 msec or even less (see Shepard and Metzler
1971 Pantie and Picciano, ;2;?).’ Further, the capacity to perceive a
cunplexly or, randomly textu ed surface as a segregated entity depends on
., high update rates (Persik, Hicks, and Pantle, 1978) This fact is rele-
______ . vant to the use of textures to\def1ne surfaces in CIG d1sp1ays '
Pant1e beliéves that the basic mechanism of movement percept1on
responds to small d1sp1acements presented within short periods of time.
*The dispiacements must be 30 mim of visual angle or less, and the time
between presentations must be 50 msec or even less if the basic mechanism‘-
is to be activated. Pantle believes that the motion perceived at slower ‘
update rates is mediated by. a higher-order, learned mechanism. A 30-Hz
update rate has 53 msec between presentations. Pantle's data suggest . .
that this is a borderline interval, sometimes adequate and somefimes not. °

@

A.3.3 Contrast Sensitivity to Moving Patterns.

One source of information on this topic is the literature on the
detect1on of gratangs which flicker¥in counterphase.” Such a grating is
equ1va1ent to two mov1ng gratings. There is d correlation between the
spatial frequency of a component and the rate of motion at which it is

\ . best detected (watanabe et al., 1968; ‘\hptle 1970). One consequence
~ \ of -this correlation is that as the ve10c1ty of an object changes, the -
\ spatial frequehcy compenents that are 1mpprtant for the object's detec-
. tion and recogn1t1on will also°change (Pantle,.1970; Breitmeyer, 1973). ‘
A.3.4 Texture . ' - , ‘ ' R
A moving, random texture pattern is perceived as a s1ng]e mov1ng
ent1ty or surface only if it is quite noise-free. Exper1ments indicate
that if the correlation between 'the pattern at successive presentations

is less than '0.95, the pattern w111 not be perce1ved as a segregated .
entity. )

. ° 4
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A.4 "INTERVIEW WITH T. INDOW (22 Fébruqry and 29 March 19}9)
‘ The discussions with Rrofessor Indow centeféd'arouna the question
of how, ideaHy3 the colors in a CIG 9isp1ay 5hou1d be’detennined.and

" calibrated. He.made the following recommendations: .

1. Five to seven colors should be selected from the real-world:

scene as the colors to be used in the matching procedure.
These colors should be seleéted.according to thetr impor-
tance in the performance of the task of interest. For
example, the selection of the colors to be matched when. -
the tgsk of interest is landing might be determined by
asking pilots what colors are most igportant to them in

o performing this -task. (This question wouTd be asked in

, ‘temms of environmeptal features--e.g., the color of the
runway. surface.or of various lights--rather than in terms

]

9
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of color nameé.) The five to seven colors selected as
standard colors should cover the entire color space, in
addition to being of importance in the task of interest.

2. Psychophysical matches, rather than matches based entirely
on physical ‘measurements, should be used to match the per-
ceived colors in the CIG display to the perceived real-
world colors. ' ,

3. The psychophysical matching progedure éhou]d not rely on s

"the observer's memory of the real-world colors, since
colors tend to be remembered as more saturated than they-
actually are in the real scené. Instead, the following

- general procedure should be used:

a. Color matches should be made! under varying conditions
\ of illumination in the situation to be simulated
(e.g., during an actual aircraft landing). The
observer should match the directly perceived colors
to color chips, such as the Munsell chips.

b. - The_observer would set the colors in the simulator to
match chips of the same color, using a standard- proce-
dure for setting up the colors in the CIG-system and

\ for calibrating monitors. .

, .

4. Specification Systems: With respect to discriminatioh and
just-noticeable differences, the Commission Internationale
de 1'Eclairage (CIE) Uniform Color Scale is useful for prac- ,
tical applications, except perhaps in Lthe viplet. However,
for suprathreshold difference uch as those involved in
Judgments of similarity and realism), Munsell specifications
are more useful. It is important to observe the differences
between matte and lustre finishes.

5. Shading: Objects in the real world ére‘not unifq%n1y
colored; rather, there is considerable variation from
one part of a surface to another. This variation arises
mostly from nonuniform illumination. [ndBw believes that
it is more important, to provide some shading than to get
the basic colors right. Lack of color gradients is a
. major problem with present displays. -

-
-

/' A.5 INTERVIEW WITH W. GOGEL (9 Fepruary 1979 N,

N

" Professor Gogel discussed a number of aspects of d%%tange
perception: : . . .
1. Because at high altitudes there are few cues to distance .-
in the actual flight sjtuation, distance is probably
often misperceived (underestimation is most 1ikely).

» ’ )
- ; ’
. - . .
M .
<
.
.
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The* relatignship between errors in distance perception
and the acCompanying errors in size perception is
delineated in the literature on the size-distance
invariance hypothesis. ,

One distinction which is important when s{udying the
Titerature is the difference between reported and
registered distance. A pilot must learn to correct
registered distance, and this process may be involved.
One task ef simulators might be to teach pilats to use
cues, such as resolution criteria, which are not usually
used in perception.

When distance cues are minimal, two perceptual tendencies
become. important. One is the equidistance tendency
(objects teénd to .be seen at the same distance), which may -
-cause a runway to appear tilted upward. Henry Mertens

has studied the problem of judging the orientation of a
ruaway on approach. The second tendency is the specific
Jdistance tendency (objects ®end to be registered as being
at a specific distance rather than being processed as
indeterminate in distan ’

Outline gradients and outline perspective appear to be more
important than texture. The relevant experimental work is
By R. Freeman and there wa$ an interesting exchange between
Freeman and Flock. The existing work has been mostly with
static scenes and thus does not really assess ;the importance
of accretion and deletion of texture‘in dynamic scenes. In
a reduced cue situation, texture may contribute to the equi-
distance tendency. )

One issue is how much peripheral stimulation is needed to
produce a full perception of motion. The experimental work
in this area is by Johansson and his colleagues.

There is evidence that the perceptual effects of shadows
depend on the assumed location of the illumination source.
The older work in this aref®is by Gogel and Hess on chicks;
the more recent work 4s on human infants. Sources to look

at are I. Rock's text on perception, and-the deveiopmentai
text by Cohen and Salapetek.

Lew Harvey published a study on how changes in the apparent
size of approaching 1ights affect distance Jjudgment.

Aerialggerspective may provide some relative distance
information, but not absolute distance information.

In dynamic scenes, the changes in perspective and shape
over time may provide a great deal of information.

o \
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Agg\en\dix B
LITERATURE SUMMARIES
)

», S .

This appendix conta1n:~summar1es of the 11terature on perceptua]
know]edge that re]ates to the limitations identified 1n Section 2. The .
summaries are arranged to para11e1 the major topics de]1neated in that
section. JLachsumary briefly describes the work and results reported in
the docUment/artic]e: and highlights the applicable implications for CIG.

The summaries are arranged as follows:

B.1 Contrast Management and Aerial Perspective .... ﬁ\-106
B.2 Resolution .......u....:........; .............. p. 149
B.3 Dynam1c RANGE w vttt e .p. 162
" B.4 D1rect1ona1 I]]um1nat1on Effects .............. p. 179
B.5 Raster Effects T ~..X p. 184
B.6 COlOr vevrrnrennn.., e ceeenn p. 196
B.7 Leve1 of Deta11 ....l...: ..... . e p. 203~
B.8 Surface Definition .....oovvvuiunnn. ... PO p. 217
B.9 Perce1ved Flatness.of the D1sp1ay ............ . p. 278
B.10 Minimal Scene Content ............ ........ e p. 283
B.11 Size and Continuity of the V1sua1 Field ....... _Pp. 3Q?
B.12 Hybrid D1sp1ay and Update ................ e p. 320

~

Subsection B.13, Bibliography, provides_additional sources that -
were not included in the summaries.

. :
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B.1 CONTRAST MANAGEMENT AND AERIAt PERSPECTIVE

Several CIG~prob1ems identified in Subsection 2.1 are grouped
'together because their ameTaorat1on 1nv01ves more effect1ve contrast
management. Contrast management refers to controlling the visibility of .
an objeE% by manipulating its physical contrast. A certain amognt of this
manipulation can be atc0mp11shed in the model or data base. Other manipu-‘
lations “require ' real-time computation as the object's distance or apparent
size’changes Both\strategies are intended to circtmvent certain unreaT-
istic percepts that result as obJects approach the resdolition limit of a .
display system. The perceptual and display characterig;zjs that cohtr1bute :
to these problems are detailed in Subsggt1on 2. 1

*
-

In brief, thesesprobTems may be»summar1zed in the f0110w1ng way
When an obJect\recedes into the distance, its angular subtense decreases
and the object gradually disappears as the resolution limit of the eye is
approached. However, in a video ipage the angular subtense of an object
cannot be reduced-below one pixel, a size that 1s two to four: t1mes larger
than the resolution limit of‘the eye. As a resu]t,_perceptua] digtortion
of the object ocecurs. Howevem,'since the resolution limit of the visual
system partly depends on the contrast or 1ntens1ty of the obyject v1ewed a
comb1nat1on of the f0110w1ng methods can be employed to lessen tne resuTt-
. ing perceptua] d1stort1ons ‘ ’

. 1. The contrast between a;LobJect/and its surroundings can be .« ; N
képt Tow in the data base. .\\

s 2. The object's contrast can'be reduced as the square of the -
' calculated viewing d1stance, once the one- ptxe] Jimit has

_ been reached. L . . :

3. Aérial perspective can.be s1mu1ated and the attenuat1on which .
it incorporates witl sefve to reduce contrast as a funct1on
of viewing distance. 5 . .

L}
ﬁeTeVant psythophysical literature concérns Visjbi]ity and, bright-

ness as a function‘Qf stimulus size and shape; contrast sensitivity as a
function of size,,snape, and spatia]«freqyency; and the opticajlneuraT

spread functions of the visual system.. Other relevant literature describes
the contmast attenuation ptoduced by tne'atmosphere which isNrequired‘for ]
the simulation of aerial perspective. The artiwles summarized in this '
sudsection deal-with these topics. Coy ) '

-
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Barlow, H. B. Tempora1 or spat1a1 summation Jin human vision at different > . ‘j( '
¥ oo background intensities. Journal of Phys1o]ogy, 958, T958 141, 337-350. . -

Key Words Tempora1 and spat1a1 summation -

= N i
. ’

,P Increment thresho]ds have been measured in a ret1ﬂa] reg1on 6° 30" ° |
.o from the fovea with test’spots of vary1ng,s1zes and durations super1mposed, ..
on backgrounds of various intensities. - N - A
o - Thé total amount of summation (aseheasured’by the ratio 6f. lowest™

threshold quantity of 1ight to lowest thresho1d‘intensity) decreases con- -

tinuous]y as background.intensity is raised. This decrease occur!’dn the

s V~.€

»

. photop1c as well as thesscotopic range i N : . ) .
. o The upper hm1t of complete temporal summation is decreaseéi by in-’
creas1ng the area of the ‘stimulus "and by 1ncreas1ng the backgrodhd . cﬁl‘ .
intensity. = - ~ ~ . ; \ |

The upper limjt of complete spat1a1 summat1on is decreased by in- . .

c

creasing the duxat1on of the st1mu1us and bytlhcreas1ng the backgrdund

b
-
LY

«1ntené1ty e T . Y ‘,‘” ’ -

" A}

¢. sThe 1ncrement ‘threshold 11es aHove the limit set by quanta] fluctua-
4

.- t1ons “of the background 11ght except poss1b1y f3> a s1ng1e set of cond1t1ons

>

factors wh1ch m1ght pre;ent atta}nment of the 11m1t ape suggested vo-
< / : -

' CIG Imp11cat1oﬁs‘ Contrast thresho]ds are affected by the temporal ‘and ™

spat1a1 summat1ons of the human v1sua1 system which in turn are affected by

L] . <

the level of background 111um1nat1on - ImB]ementat1on of the sugqested pro-

cedurep for contrast‘managemeni (see Subsection 2 1) depends on a knowledge

—
of how these st1mu1us parameters~affeot contrast sens1t1v1ty The present .
. . . %

article contains a suhstant1a1 oort1on of these data for .a oer19d1c stimuld.

A - t ' [ - r < 0
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Key Words: ,Vernier acu1ty, exposure durat1ons
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Baron, W. S., ‘and G. Westheimer. Visual acuity as a function of exposure
durat1on Journal of the Optical Society of America, 1973 63, 212 223

‘
- - . ; e . ”
v ] .

Chanqes of visual acu1ty w1th eéxposure durations shorter than the

cr1t1ca1 duration for detect1on can be attr1buted to simple 11ght summation.

However, changes of vﬁsua] acu1ty with longer exposure durat1ons must be
otherw1se'accounted for. JPh1s paper shows changes of photop1c acuity with
pro]onged exposure durat1ons, and ‘considers several possible under1y1ng
mechan1sms The aCU1ty threshold was txhnd to decrease w1th/gxposure dura-

ttons up to 400 ms and poss1b1y longer. Thus, pup111ary and accomﬁodat1ve

-~

h
F]uctuat1oﬁs were 1nvest1gated as mechanisms concerned but were found to )

have. no effect on the phenOmenon A task specific summat1on period was

sought; however, no evidence for such was found. Also, similar results

-

were foundﬂwhether the preséntation cons1sted of a s1ng]e uniform exposure

or two d1screte exposures w1th some 1nterva1 between
Y|

CIG Implications: The reason for the décrease in vitual acu1\y thresholds

wrth 1ongen stimulus durat;ons is not weH unders;go . Neverthe]ess, the

phenomenon can~be effectively exploited to control the appearance of dis-

played objects as a function of calculated vigwing d¥tance. If objects
3 @ runcti ca g \

are "switched in" at or near threshold contrast when some critical distance

. 1s reached, the{r detectability should increase jn a gradual” and natural

manner after they are first-displayed. p

-
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Blackwell, H. R. Contrast thresholds of the human eye. Journal of the-
Optical’Society of‘@mer1ca, 1946, 36, 624 643.

) Kex Word: Contrast thresholds
. e

Exper1menta1 data are presented representlng approx1mate1y 450,000

N

responses made by tra1ned observers unde:\laborauory conditions. antrast
threshoids are presented for stimuli br1ghter and, darker than the1r back-
ground and for two values of st1mu1us exposure. In each case), w1de varia- |
tions were ‘studied in the parametersi/ stimulus contrast, stimulus area,

and adaptation brightness.

“

CIG Implications: An extensive study on contrast thresholds that provides

the basic data required for contrast management in ferms of stimulus
A n

« variables and individual variation.
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Bre?tmeyer B., and L. Ganz. \Temporal studies with flashed gratings:

inferences about human transient and sustained channels. Vision Research,
1977, 17, 861-865. B

Key Words: Transient response; contrast sensitivity; sbetiél frequency
k- J T \ .
} The tempora] response propert1es of the human visual system to low

-

and h1gh spatial frequency gratlngs were investigated by two contrast detec-

tion threshold techniques. With the first teéhnique the contrast threshold

for detecting vertical sinusoidal gratings at spatial frequencies of 0.5,
(= ' ’ . ‘ . . -

2.8 and ]6.0&E/deg was determined at exposure durations ranging from 20 to

400 msec. It was found thét the critical duration, at and helow which

»

rec1procﬂty between contrast and a nonunity power of durat1on holds, in-
(S

f

creased from roughly §O to 200 msec as spatial frequency increased from

0.5 to 16.0 c/deg. The second technique involved subthreshold summation

of twoﬂlu-msec flashed.nresentations~of either a 1.0 or 10;0 c/deg grating.
The stimulus onset asynchrony (SOA) §eparatinu the onsets of the twa pulses
varied from 0 to 210 msec. The resulfs reveeled that the subthireshold
interaction of the two f]ashes at h1gh spatial- frequencies can be charac-
terized by monophasic sustained excitation. and inhibition; at low spatial

frequencies, however; this interaction can be characterized by a mulgi-.

\ <

phasic oscillation of excitation and inhibifion«superimposed on a mono--
phasic exc1tatory 1nh1b1tory interaction The findings are related to

propert1es of trans1ent and susta1ned channe]s assumed to exist in human

vision. . - ) ) . ) .

"
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Breitmeyer, B"and'B Julez. The role of on and off transients in
", determining the psychophysical spat1a1 fréquency response Vidion
~Besearch, 1975, 15; 411-415.

Key Words: . Vision; trans1ent response

. ~ i e
“

'y L] = .
Two experiments‘were run to investigate the contrast sensitivity of

the visual system to sinusoidal grat1ngs of variable spatial frequency when

onsets and offsets oj the1r presentat1ons, 1ast1ng about 500 msec, were

~e1ther abrupt or gradua1 In the f1rst exper1ment, it was found that a pye-
. sentation hav1ng abrupt onsets and offsets, re]ative to one having gradual -
onsets anq offsets, increased the contrast sensitivity at lTow spatial fre-
'quenc1es but Teft una1tered the sens1t1v1ty at h1gh spat1a1 frequenc1es
y21s re§u1t is consistent with previous findings which indicate that

visual channels preferr1ng,teﬁoora11y trans1ent s1mu1at1on are predom1ﬂt

h 3

nantly tuned to Tow spat1a1 frequenc1es In a second exper1ment it wos‘
found that the increase in contrast sensitivity at Tow spatial frequencies
:>is primari1y due to the leading abrupt onsets“i e., at Tow spatial fre-
‘ quencies a presentat1on having.an abrupt onset and gradual offset 1ncreased
. | contrast sensitivity relative to a presentation hav1ng a gradual onset and
abrupt. offset This result suggésts that the spat1otempora1 frequency
response of the visual system, like its tempora1 or spatial frequency
response, must be specified not only in terms of a modu1et1on transfer

e . X
function but also in terms of a phase response. .

CIG Implications: 1In several simulator displays, objects appear to suddenly

pop in or out.of view as they reach the edge of the display. The results
. 4 ) - .
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of this article indicate that atrupt onsets will predgce a more unreafjstic .

. perception than abrupt offsets. _Therefore, priority may be given to the

O

ERIC

Aruitoxt provided by Eic:

'

stimulus onset in efforts to mitigate this problem. o .
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Brown, B. The effect of target contrast variation on dynamic visual
acuity and eye movements. Vision Research, 1972, 12, 1213-1224.

Key Words: Dynamic acuity; contrast ’ -

. /

Contrast is important in determiﬁation of dynamic-@?sua] acuity..
(DVA). Reduced contrast produces decrement of performance because of two
separate effécts, one on stat1c acu;ty and one on eye movedent control.
The effects of reduced contrast on eye movements for the exper1ment
reported here are not marked, except at.low contrast 1eve1s, decrease of
. target contrast produces 1ncreased latencies (for the initial eye movement
1atency and the subsequent saccadic movements) and a decrease in the” final
“pursuit velocity of the eye movement. \ ' ”

-

In the present experiment the effect offzsntrast on eye movement .
control is’masked byJ{te compensation brought ebout Qy\the increased si;e
of targets presented. A study without the comp]icating effect of this
“increased target size would be of interest. An\equivalence between the
effects of reduced target contrast and incre?sed target image veloCity on
DVA can be ca]cu]ated. The data of the present paper allow the-derivation

of threshold sizes of targets with contrasts between 70 and éO,percent,

_moving with angular velocities from+«0 to 90°/sec. - ) " ' e

CIG Implications: An accurate simulation of real world relative pontrast

is\jmportaqt for increasing the degree~of positive transfer to actwal flight
conditions in termsiof eye mbvement control. Unnaturally high contrast in
the d{splay»caused by the lack of aeriafqperspéctive adthhe veiling d]are
of the windsereen may not adequately prepare the pilot for the difficulties

of eye movement control encédntered under low contrast conditions.
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Campbell, F. W., J. J. Kulekowske and J. Levenson. The effect of orienta-
“tion on_the visual resolution of gratings. Journal of Physiology, 1966,
187, 427-436. : L

.-Key Word: Spatial orientation

The effect of ,orientation on the contrast detection thresholds of
v

. . - .
',"sinusoidal gratings were measured for spatial frequencies between 1 and

35 c/deg: Contrast thresholds are higher fgr‘gb4?ﬁue gratings coerred to

either.the horizontal or vertical orientations, and the difference is
somewhat more pronounced at higher spatial frequencigs. The orientation

effect is attributed to neural rather than optica1;factors of the visudl.

L]
B

> system,

. i

CIG Implications: Provides bastic data reguired to imp1ément more effective

contrast management as a function of’stimulus onjentation.

o
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Duntley, S. Q., W. H. Culver, F. Richey and R. W. Preirendorfer. Reduction . ’
of contrast by .atmospheric broil. Journdl of the Optical Society of .
America, 1963, 53, 35I-357. : B .y

Key Words: Atmosbheric attenuation; aerial perspective

.
+ .

——— — .

It 1s shown that the probab111ty of rece1v1ng "light from an obJect
viewed through a turbu]ent atmosphere fo]]ows a norma] Gauss1an d1str1bu-
tion. Furthermore{the root-mean-square angu]ar‘deflect1on of the po1nts
.of any object wt11 be prooortiona1 to the square root of the object-to- .
observer distance. From re]ations of the type described in the examo1es

LY
it is possible to predict the, apparent contrast throughout a a1ven scene,

_ provided the 1nherent contrast d1str1but1on,‘%he opt1ca1 air state ‘and

the range of the target are known The optical air‘state for a given-con-

’

d1t10n of atmosphere can_he measured by us1ng a te1ephotometer and a ser1es

of 1ong thin black bars of vary1ng w1dths.__'

“ T

CIG IAp11cat1ons Contains a portion of the basic data and pro

required for add1ng'aeria1 perspective to sfmu1atgr displays.
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Farné, M, Brightness a5 an indicator to distance: relative brightness per
se or contrast with'the background7 Perception; 1977, 6, 287-293,

Key Words: ' Brighjfiess; contrast distance parcept1on
A
nd a white target Zre dﬁsp]aged; 1n f1ve different cond1-

A black -

)

tions, on five gray backgrounds ha ing g1fferent dégrees of brightness

Ab@ ]

(from.very bright to very dark). The resu]ts show that the target hav1ng
the h1gher contrast with its background 1s perce1ved as the-nggrer With

the of f-white background, for example, the black target 3ppears as the

Y
nearer to the observer. Th1s contrad1cts the we]] known concept- accord1ng

to which the brighter target shou]d in any case be perce1ved as the nearer .

€

(' re]at1ve br1ghtness" cue). The conc]us1on is that the fk/me%et néference

A\

must be taken into consideration- stat1ng that an exper1ment was conducted

’

in empty space or with re]at1ve br1ghtness is, not suff1c1ent

CIG Img]ications: Distortions in distance perception result becauselthe

angular subterise of an object cannot be reduced~belowhtheﬂsize of one pixel.’

)

Fl

These distortions may be ame]iorated_by reducing the contrast of an object

after the 6ne—pixe1 limit has been réached. The results show that this

)

strategy will indeed produce the perception of an gbject recedind iqto the

. L
- * -

distance. L. - M S D

t } '
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Ganz,.L. Temporal factors in visual perception, In Ed C. Carterette
and Morton P. Friedman (eds.), Handbook of percept1on, vV, 169-231,
- New York: Academic, Press, 1975. .

Key Words: Time integration; Block's Law: temporal threshold

.
-

¢

" =

» Thls tyt0r1a1 rev1ew¢Js concerned with the time-integrative func-

tions of the v1sga1 system. L1ght quanta are,1ntegrated by.the system in
time bins of 17 to .100 msec or longer. The effects of these parameters on

-, contrast detection thresholds, flicker *thresholds, and perceived duration

s
7

are described. : , Y

b4

- A variety of- temporal perceptual phenomena can be descrihed by-

LS

‘Block's law which states that for threshold phenomena, the same visual

" effect will beﬂobtained-if the product of the'intensity and duration is
. s 4
held constant,.so long as the duration time is less than the critical,
-— @ .

duration (estimated as 100 msec).

hﬁ Recent research indicates that.the effect of target size on

critical duration is ne311glb1e but that the effect- of background ¢is

1arge Another var1ab1e affecting cr1t1ca1 durat1on isxthe’ nature of

the task when integration time increases to as h1oh as 400 msec dur1ng
- movement of the test target and for Judqments 1nvo1v1nc Lando]t C test

targets., Patterns of results suagest that when h1gher stages of the '

" perceptual system are invb]ved,.1ongér crfitical durations result. A

Ay

It is suggested that the temporal properties that comprise Block's
law are detenn1ned within the receptors themse]ves and poss1b1y involve
the d1ffus1on of ions as a mechani$m.” Changes in t1ne constant with "

) background luminance can-also be attributed to receptor mechanisms.

., N - A
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, If a doub]e Tight pulsé varying in st1mu1us onset to-onset is
presented rather than single Lﬂght pu]ses the results are more complex.
The main- comp11cat1on‘appears to be that, in response to a very brief 1f§ht
pu1se ‘the visual system goes through a benevolent sequence of~exc1tat1on
N fo]]owed by -inhibition whlgh*y111 attenuate the 1mpact of the second .

impulse if the interval is between 48 t0.70 msec.

If it is assumed that the visual system is linear, .one can pre-

. ‘ '
. dict he response of the'system to any temporal transient if one.knows the
SN
system !bresponse to the sine wave components 1nto which the transient, can

T——
be decomposed by Fourier analysis. This transfer character1st1c is the

"temporal modu]at1on transfer function" (TMTF). It is determ1ned by . pre—
\sent1ng 0's w1th s1n3;o1da11y f11cker1ng 1ight and measur1ng, for each
'frequency of f11cker, the amp11tude needed to obtain a standard ampli- /

- tude response A number of art1ckes are rev1ewed with the fo]]ow1ng conclu-
.. sions Presented.X At average retinal illuminance of 4.3 td, the visual
system respon > @ simple Tow pass filter with a corner frequency of 7 H;:
Above 10 Hz the~threshold of a:flickeriné target of any waveform is .entirely
. prediétab]e from the threshold to the fundamental trequencywof the.sinuso;d
of-that waveform, with higher harmonies notratfecting the thresho]d.
With higher average fuminance levels (43, then 403 td), relative
- sensitivity to h1gg§; frequencies improves and a peak of ysensitivity develops
at 8 to 10 Hz, implying that at higher photop1c adaptatipn levels,the . —

". Vvisual system begins to resemble a filter with both high

121




cotoff broperties The system operates such that humans are Jess

5mns1t1ve to s]ow f11cker when- the field is large. The reader is

1 ¢

referred to several sources for” theoretical treatment: of flicker. )
- - /

A number of inferred-ﬁmpu1se responses of the visual system to.a

brief trapsient pu]se are shown for four 1eve1s of backoround 1um1nance

These unit-im pdﬁse responses are the Four1er transform of the TMTF They
indicate th}f

even to a br1ef pulse with a 1atency of approx1mate]y 20 msec, with a
positive- negat1ve sequence occupy1ng an add1t1ona1 60 msec. The impulse
response becomes s1OWer as background Tuminance d1m1n1shes The re1at10n-

sh1p between Blotk's law and temporal modu]at1on is descr1Q@d

The Studies of critical durat1on and unlt 1mpu]se response are

.. _related to visual pers1stence, perce3t1on,of succession, and visual
o a Y .

-;M
numeros1ty . . h

’ -

Empirical studies of homogeneous Tight masking are presenteo. The

—_— L4
.

effects are attributed to temporal integration ih"rhe visual System
. Sjmi1ar1y emo1r1ca1 studies of metacontrast are reviewed with the conclu-
) sion that metacontrast involves 1atera1 1nh1b1t1onpngrt1cu1ar1y amonq
: . contour-sensitive mechanisms. ‘ ' P
Severa]‘theories are presented’in association with metacontrast:
. 1) the overtake hypothesis, 2)'1aterai inhibhtion, and é) fast inhibition,

»

.slow excitation.

&

for-the highest background lexel the v1sua1 system responds’
™

>
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Lastly, the effgcts of v1sua1 -noise masking and several theoret1ca1

1nterpretat1ons of the phenomenon are exp11cated\ Among those theories

d1scussed are: 1) processing interruption, 2) integration theory, and

EN
L

\ -
3) encoding time hypothesis.. s N ' o

Spatiotemporal interactions involving ?onn&lof‘Block's law fr

- . ~ ‘
moving objects are described. -Predictions regarding apparent motion are ce
) ) )
deriveds . : A ;o IR )
4 , w ~

Reviews a large portion of the-data'which must be

cIg Implications;

cons idered’when implementing contrast management, such as tempgral threshold

- -

phenomena, effects of luminance on flicker, :effects of critical duration

> R . s

on unit- 1mpu1se responses, and soat1o@pmpora] 1nteract1ons for moving

.
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Higgins, K. E.

\ sensitization effects for fovea] viewing.

15, 423-425.

The spat1a1 Broca-Sulzer and
Vision Research, 1975;

, and E. J. R1na1ducc1

»

-

Key Words: Threshold sensitivity; contrast'detection .

Under certain conditions a smalll circular stimulus field will appear

-brighter'(the spatial Broca-Sulzer effect) and produce a higher increment

!

.

ég&hresho1dl(weétheimer's sénsitization effect) than 2 larger stimu1us field
of the same retinal illuminance. In this exper1ment\ a two-stage procedure

was used to compare the two effects for foveal viewing by determining if

- the aifferent stimulus area-retina1 i1luminance combinatiozg»that‘&he per-

ceived as equally bright produce_equiva]e;t states of”increment-threshold

sensitivity.

The results indicate that, while both effects are»ﬁbsérved at

comparabte levels of retinal iTluminance, the two effects cannot be

considered synonymous. ‘ X : p

CIG Implications: Descr1bes the cond1t1ons where contrast detection

thresholds and apparent br:ghtness "do not adhere to the typical contrast
sensitivity *functions of the v1sua1 system. These spec1a1 c1rcumstances
must be éons1dered for 1mp1ement1ng effective contrast management Other-

wise the abrupt and unnatural appearance of some obJects will persrst

\

Ne

- kd
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Hirst, A. N., R. L. Beurle, K. I. Beverley, and C. L. Poo]fContrast .
Lthresholds for patterns of dynamic visual noise. VYision Research,
1979, 19, 721-725. . ‘ ,

Key Words: , Contrast thresholdiE vigga] noise .

L4

It has previously been suggested that when using a cascade image
intensifier there is an optimum gain above which contrast detection
thresholds increase. This paper shows that this is only true for very low

-«

scintillation densities. At higher densities detection thresholds remain -
constant asove the optimum gain which occurs when “4bdut 100 photons enter
the pupil from each scintillation. Thg very low scintillation density
regime appears to be a special case. .

CIG Implications: Noise from quantal fluctuations need not be considered -

v

for effective contrast management except at very low light levels which are
typically outside the normal operatind range of simulator displays. Howl
ever, scintillations derived from ngSSe in the system itself may make this

issue relevant to the quality df some display systems.

125

Q ) s ) 1:2-1




LN

Kelly, P. H. Adaptation ef;zcts on spatio- temporal sine-wave thresho]ds -
Vision Research 1972, 12, 89-101. .

Key Words: Adaptat1on, spatial frequency sens1t1v1ty, flicker

~r . N ‘

The photopic amplitude threshold (4B) for a stimulus that is a_
sinusoidal function of space and time shows both 1inear and nonlinear
behavior as thé background level (B) is changed. Flicker adaptation is
Tinear at high temoora1 frequencies (AB = constant) but obeys a Webeﬁé&ype
of nonlinearity (4B = kB) at iow tempora] frequenc1es. Contrast adaptation
is nonlinear at all spat1a1 freauencies, changing from weBEr S 1aw at low
spatial frequencies to a DeVr1es Rose type of non11near1ty (a B = kB]/Z) at
high spatial frequenc1es. In this papen, these regions of 1inearland non-
linear adaptation,are‘mappeo in-a general way by varying both spattal and
tempora1 frequencies as well as the background level. The resulting spatio- ,

tempora] adaptat1on maps are interpreted in terms of retinal mechanisms.

CIG Imp11cat10ns Contains a complete representation of the contrast sen-

-sitivity surface as a function of temporal and spatial frequency as well as

background i]]um%nance. These are the data required to implement contrast
management a]gorithhs tailored to the modulation transfer funétion of the
humari visual system. These data are most relevant when the contrast of

.
i
‘s, ¢ .

periodic patterns is at issue. - fo T ..

s Lo
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Kelly, P. H. Theory of flicker and transient responses,I. Uniform fields. ;
dourne] of the Optical Socjety.of America, 1971, 61, 537-544.

Key Words: ™ Modulation transfer}"%1icker ‘

Photopic flicker data are explained in terms -of a theoretical model
- . . T
of two retinal processes. The fTrst is a linéar diffusion process (presqm—
ably in the receptors) with éi1afge dynamic raﬁge 60105). fhe second is a—‘
nonlinear inhibiting network (neural feedback at the synapses of the plexi-
form layers) that adaptively controls the sensitivity and time constants of
the model. The magnitude of its transfer fgnction fits éhe f]iE*gr data%
quantitatively at all frequencies’, over a wide range of adaptation 1evé1s.
- The corresponding small-signal impulse responses are also calculated: their
latencies and 1eéding edges (associated with réceptor aqtivity) are invarfgnt
+ with _adaptation levels and the re@aining phases of these transient waveforms
(associated with the graded potentials of secondary neurons) adapt strongly,

-

in accord with current histology and microelectrode findings. e
g

* CIG Implications: Presents basic;data on the perception of flicker., The

article is useful for determining -the required update rates*tq eliminate
flicker and when aliasing problems will result in\an undesira61e'f1icker
resbonse. Furthemore, theﬂsimpfe theory presented may aid in the develop- S

ment of algorithms to deal with theég issues.
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Kitterle, F. L., and T. R. Corwin. Enhancement of apparent contrast in
flashed sinusoidal gratings. Vision Research, 1979, 19, 33-39. 4

Key Words: Apparent contrast; exposure duration ’ )

The apparent contrast of suprathreshold grating targets was ‘measured
. -
as a function of their spatial frequency and exposure duration. For targets

LY

of Tow spatial freqyency,'apparent contrast reaches a maximum at exposure
durations of 80 to 100 msec relative to its value at shorter and longer

durations. Contrast-durétion curves thus resemble bribhtness—duration curves
whenithe Broca-Sulzer egfect is pfesent. For grétings of higher shatia] E
frequency: apparent contrast increases ﬁonotbnica]]y with duration. Thus,
temporal contrast enhancement occurs only for low spatial frequency targets.
The enhancement effect occurs foveally as well as for peripherally vieWed
'taqgets, but it is abolished by decreasing the~vert{ca1_gxtent of the

ot

grafing.

4 L[]

* CIG Implications: The temporal parameters required for effeqtivé contrast

maqagemenﬁ apply to the apparent contrast of suprathreshold st%mu]i as well.
as to visua]»fg;m§ at threshold contrast levels. Thus, in order to maintaip
real-world values of relative contfast within the diép]ay's Timited .dynamic
rangé, an object's presentation duration must be considered for Tow spatia¥

frequencies.

. \
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Koender1nk J. J., M. A. Bowman, A. E. Bueno de Merqu1ta and St Slappendal.
o Per1metry of contrast detection thresholds of moving spatial siné wave
“patterns, I. The near per1phera1 visual field. Journal of the Optical

Society of America, 1978, 68, 845-349. . -
Key Words: Peripheral vision; contrast detection . ' ~

. [}

~Lontrast detection thresholds for movtng spatia] sine wave gratings
were obtained’ for two subjects at the fovea and at eccentricities of 1°,
2;, 4°, 6°, and 8° on the nasal horizontal meridian. The target field
subtended 50 x 30 min of arc. The spatial frequency range extended from
2 cpd'up to the spatial resolution limit; the temporal freduency range from
0.1 Hz up to the CFF. Mean ‘retinal i11nminance was 10 trolands. For these
conditions: 1) contrast detect1on thresholds are higher, the higher the N
spatial and/or temporal frequency of the stimulus; 2) acu1ty appears to be
independent of the tempora1 frequency and the CFF appears to be independent of
the spatial’ frequency, and 3) the h1gher the eccentr1c1ty, the h1qher the
contrast detect1on*thresho1d for any drifting s1ne wave pattern The
thresho]d doubles rough1y any 2° to 3° for spatia1‘frequencies_of 2 to Zdrcpd,
except that the visual field for a g1ven fineness of grating is blind beyond &
a certain critica1 eccentricity. This critical eccentr1c1ty is a monoton1ca11y
decreasing funct1on of the spatial frequency of the grating. These measure-

ments do not support the hypothes1s that coarse patterns are preferent1a11y

detected at extrafoveal s1tes in the visual field.

1 / i
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) CiG Imeicat{ons: The data indiéated that peripheral coniras; threshons_'
may be ignored for setting contrast 1e§é1s in the data basé since foveal
visign is more sensitive. ngeverﬁ if it Qere known where on the disp1ay
a pifot was looking, the level of detai) disp]ayed\ig_periphera] fields

could be Eub§£éntial1y reduced. , -

q
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" Koenderink, J. J., M. .A. Bowman, A. E. Bueno de Merguita, and S: Slappendal.
Perimetry “of contrast detectjon thresholds Qf'movingisnatia1 sine wave
_patterns, II. The far peripheral,-visyal field. Journal of the Optical

Society of America, 1978, ‘63, 850-853. ' -

Key Words: Peripheral vision; cqntrast qstectiodc

[}

Contrast detection thresholds for moving sine wave gra!ings were
obtained at the fovea and at eccentricities of 6°, 12°, 21°, 32°, and 50°
on the nasal horizontal meridian. The field subtendéd‘4° x 4°. Spafia1

frequencies ranged from 0.25 cpd up to the resolution limit; temporal

frequenctes from 0.1 Hz up to the CFF. Mean retinal illuminance was 10 !

I4

trolands. For these conditions:” 1) for any eccentricity there exists a

3 .

unique combination of spatial frequency and.velocity for which the thresh-

( -1

old is a minimum (extréhfs are 2 cpd and 2° s ° at the fovea, and 0.5 cpd

4

and 12° 71 at an eccentricity of 50°);¢2)- acuity depends little on Velocity,
AN ) . .
and the CFF only 1ittle on spatiq] frequency; and 3) the higher the eccen-

tricity, 'the higher the threshold for any drifting ‘sine wave pattern.

@

Except for these cases, the qualitative threshold behavior as a function
Y

of spatial and temporal frequency is identical at the fovea and at eccen-

. . ) ®
tricities up to 50°. ,The thresholds double every 12° for spatial frequen-
cies of 0.25 to 2 cbd: For a given spatial frequency the vfsdé] field is

/ blind beyond a certain critical eccentricity.  This critital eccentricity

is a monotonically decreasing function of spatial frequency.

1)
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CIG Implications: The superior sensitivity of fovaal vision allows one to
ignore peripheral thresholds for detérmining.contrdst.1evels“for-objects v
and levels of detail in the data base. - However, the result is that much
more detail is displayed in thé peripheral visual fi€lds than can be
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. "16° x 16°. It was found that the contrast detection .thresholds depend

»

) then the spatiotemporal contrast’detectipn thresholds becdmelidentical over

, several just-resolvable distances across, hég to be stimulated before-suc-

« at least T02 just—reso]va¥1é distances. The:justJresolvaﬂle distance

~\

»

Koenderink, J. J., M. A. Bowman, A. E. Buen
Perimetry of contrast detection thresholds. of moving spatigl sine wave
The target extent as a sensitivity controlling parameter.

Jourhal of the Optical Society of America, 1978, 68, 854-859. -

patterns, III.

4

9.

0 dé Herqufia,;and S.-Slappendal.

" Key Words: Peripheral vision; contrast detection

the whole visuad field. It is shown that a‘smallest area, measuring

4

Contrast detection thresholds for moving sine.wave gramﬁngs were

obtained at the fovea and at eccentricities of 6°, 21°, and 50° on.the nasal

horizontal meridian. The targets subtended from 30 x -30 min of arc up to

crftica]]y'on theé extent of ﬁhg pgrget fﬁe]&. If this extent is large

v

enough, peripheral. detection thresholds, are’on a par with’ﬁhogé mqaéuredf%f:w~——.

the fovea, but“the sensifivity range is' shifted to Jower spatial frequen-
Eie§.° If the just-rekb]vqb1e.distance af'any ectentricity is taken as a

yardstick, and field width and spatial-feequency are scaTed according1§i_

héisive or simultaneolis contrast detection i possible at all. Detection

.

-

t

L

performance improves if the stimulated area is -enlarged up to diamgiers of

correlates we{;\gith mean ihterganglion cell dist
E g

-

* magnification factor.

13

CIG JImplications: Provides-data relevant to more effective contrast

.

J

/

managemerit in the peripheral visdal field.

]
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Kulikowski, J. J. Some temporal parameters affecting spat1a1 and
) gempora1 resolution of human ‘vision. Vision Research, 1971,.11,
3-93. - .

Key Word: Contrast ' o
’ Contrast thresho]d was measured psychophys1ca11y for a s1nus01dai

grating presented periodically with a war1ab1e tempora] frequency for

various parameters of patterns. Special attention was paid to the range

of high spatial frequencies as defining tbe resolving power of .the eye.

°

Within this range, the contrast threshold were found to be almost inde- -

~

pendent of many parameters of patterns. It was also found that the sum

of certain spatfa1 and temporal resolution indices was proportional %o.
the logarithn of tHe contrast; this sum was dlso a logarithmit function -
of the average 1um1nance in tng mesopt1c range of Tuminances.

' -CIG ImpJ1cat1ons For high_spatial frequencies, tempora1 parameters may

-

be treated s :indepéndent of spat1a1 parameters for the deve]opment of

4

‘contrast man gement h]gor1thms

LY .}“ o
] .o
.
. N - e
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Lamar, E. S., S. Hecht, S. Shlaer, and D. Hendley. Size, shape, and
. contrast in detection of targets by daylight vision, I. Data and

analytical description. Journal of the Optical Society of America,
1947, 37, 531-545. ‘

Key.Words: .Contrast; target size and shape - . et
- LY - i « ‘}

The infllence of size and.symmetr§ has been studied on the contrast

required for the recogﬁition of réctangu]ar targets against background
] 2

brightnesses -of 2950 and 17.5 foot-]amberts. T§r§ets 1éss than 2 minutes
fn diaméter require the addjtion of a constant- total 1ightwf1ux to, the
background. ‘Larger targets require.less contrast but more total flux as
%he areé increases, until beyond 200 square minutes when the reguired
contrast becomes independent of area.. For ‘areas below 100 squg}e ﬁinute§,
sqﬁgre targets are most efficient f&?ﬁtheir area; the greater the ratio

of length tQ,width,thé‘gneaterlthe contréijjfgquired. ATl the measure-

ments can be-unified on the supppsition that he visually critical region"’

of a targét is a ribbon just inside its perimeter and about.1 minute wide. c

+

Evident]yﬁi%ontrast is not judged over.the area of a target, but across

%ts'boundary.‘ T

a~ M ¢

3

CIG Implications:* Provides a great deal of basic data relevant to the
»

- implementation of more effective contrast management, as discussed in
LI o . A
2. o s . . .
Subsection-2.1. . TR R ' S
* . : 9
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Legge, G. E. Space domain properties of a spatial frequency channel in
human vision. Vision Research, 1978, 18, 959-969. )

Key Words: Spatial frequency; sine wave gratings; contrast sens1t1v1ty
: function; spatial -summation; probab111ty summation

. . . e . o
Many propeﬁties of contrast detection in human vision may be g .

described with reference to a set of tuned spatiajcfrequeecy channe]s.l The

spatial sensitivity of the’ channel with optimal sensitivtty at 3.0 c/deg

was studiea by measuring’theshald as‘a function of the width of truncated

3.0 c/deg sine wave gratings that‘ranged from 2.3' to 4.6°. Three

strateg1es were used to 1so1ate .the thresho]d regponse of the channel: "\\>\\\\

1) the channel at 3.0 c/deg was*ghosen because of its pos1t1o; at the

peak of thelcontrast sensittVity function; 2) a discrimination haradigm

was used in which test stimuli were suberimposed on a low contrast grating

which was shown to selectiyely faci]jtate their,deteftioh; 3) the detect-

ing charnel Qas more sensitite.to the sine’wave configaration of the test

stimuli than to more conventional spat1a1 summation stimuli, such as .

rectangu1ar bars Resu1ts of the main exper1ment showed_that\thresho1d ‘

contrasts for ‘the truncated sine wave stimuli dec]ingg\in two §tages. From

——

2.3' to 40', the’threshold decline was steep, with a plateau at 10'.  From

.
- \J

40" to 4.6°, tﬁreipd1d declined as alpower function of stimulué width with
* an exponent of -0.35. The data of the ma1n exper1ment were ysed to derive = &

2

the spatial recept1ve f1e1d sensitivity for the channel at 3.0 c¢/deg. The

data were accounted for by spatial'summation’within a reteptive ffeid and

- [l

probability summation in space across receptive® fields.

136
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CIG I«mﬂications: ‘ e &
] 1) Prov1des detailed 1nformat1on re]evant to contrast management
in &he spat1a] frequency range where the visual System 1s most-sensitive.
s . ' ’ LS
. 2) The 1nteract1pn of other smu]taneous]y present spatial fre-

quencies wi th a 3. 0 c/deg target is re]evant to raster efFects wlnch are. .

typ1ca11y between 6 and 8 c/deg ‘ - ~ o
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iegge G. E. Sustained and transient mechanisms in human vision:
temporal and spatial properties. Vision Research, 1978, 18, 69-81.

Key Words: Modulation transfer; spatial frequency

»};— In two expériments, properties of sustained and transient mechanisms

.were studied psychophysically. In the first, contrast thresholds were .

L

measured for § sine wave gratings ranging from 0.375 to 12.0 c/deg at
710+ durations ranging from 18"to 3000 msec. Thresholds were measured in
tne presence and absence of'high contrast 20 msec dratings which masked
the onsets and effsets of the signals. At 1.5 c/deg and above, the
unmasked thresholds decreased as power fung;ions of duration in two
stages, reaching an asymptotic level near 1000 msec.';Below 1.5 ¢/deg,

- the unmasked threshold became independent of duration beyond 100 msec.

At all frequencies, the masked thresholds decreased as power functions

.

of duration to 1000 msec or more but the curwes for 0.375 and 0.75 c/deg
- never reached the unmasked asymptot1c 1eve1 In the second exper1ment
sbat1a1 frequency bandw1dths were obta1ned for sine wave gratings rano1nq

" from0.375 to 12.0 c/deg by measur1na threshold elevation as a function

of the spatial frequency of mask1ng gratings. At 3.0,,6.0 and 12.0 c/deq, .

-the bandw1dth ‘functions peaked at the signal frequencies and showed medium
bandwidth frequency se]ect1v1ty Below 1.5 c/deg, the bandwidth functions
1exh1b1ted broader spat1a1 frequency tun1ng and were of higher magnitude,

and there was a shift, in peak-mask1ng to frequencies near 1.0 to 1.5 c/deg
which were above the signal frequencies. The results of ‘both experiments

are discussed in terms of the sustained/transient diehotomy.

?

138
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CIG Implications:

-

“ 1) The detection of highgr spatial frequencies increases with
stimq]ué duration up to about 1 sec: Therefore, if an object or level
of detail is switched in at.or near threshold levels, its perception
wi[] increase in a natural manner after it is displayed.

2) The increased sensitivity to' Jow spatial frequencies will
cause large objects to pop in and out—of’view as they approach the edges

of the display field. Methods for mitigating these effects are discussed

*

in Subsection*2.1. . N

-
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Marks, L. E. Brightness and retinal logus: ..effects of target size and ﬁ
spectra]lcomposition. Perception angDPsychophysics, 1971, 9,, 26-31.

. Key Words: Brightness; foveal and peripheral sensitivity’ ‘

Subjects gave numerical estimates ofjbrightness for stimuli presented:

to the foveal and peripheral retina. Experiment 1 showed that the peﬁiphery's

superio} sensitivity to white light is relatively indepgndént of targéf
size. E{periment 2‘sh0Wed that the.beriphery is more sensitive than tﬂe
fovea to violet 1ight, but is Tess sensitive than the'fovea to red light.
These results are explicable in terms of differences between roa and cone
mediatign of brightness. ‘

* — . . _
CIG Implications: ~The development of effective contrast management

algorifhms can, be based egtirely on the°sensitivity of foveal.vision.

Peripheral sensitivity in terms of brightness and color is less than foveal
sensitivity with only a few exceptions that have no practical significanée

“in currept display systems. ~

©




-

Osaka, N. Perceived brightness as a function of flash duration in the
peripheral visual field. Perception and Psychophysics, 1977', 22, 63-69.

Key Words: Peripheral vision; perceived brightness N

»

Uéi@é a method of direct magnitude estiﬁation, percefved,b;ightness
was measufed in the darkj;dapted e;e with brief flashes of varying dura-
tion (1 to 1,006 msec), size (16'-to 116'), and retinal loci (0° to 60°)
for the lower photopic luminance 1éve1s‘covering the range between 8.60
and 9.86 cd/m2 in steps of 0.5 1og:units. Perceived brightness increased
as a function of f]aih duration as - well as 1um}ﬁance up t0'épp;oximape1y
100 msec, then remained constant aBove 100 msec. The enhancement of
brightness at about a 50;msec flash duration has been observed not ;n
the:fovea but in the periphery. T;rget size also ha; beén found to

effect brigfitness. |

)

CIG Implications: The increased sénsitivity of peripheral vision' to

¢

transient stimuli %uggests‘thét the unnatural and abrupt appearance of
objécts discussed in Subsection 2.1 may be enhanced when viewed peripherally.
This effect can result in inappropr?ate eye movements toward objects

that suddenly pop into view in peribheYa] vision.
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Rose, D.' Monocular versus .binocular contrasﬁ-threshé]ds for movement
" and pattern. Perception, 1978, 7, 195-200.~ ,
»

. ! s .
Key Words: Monocular and binocular vision; apparent movement
. § ~ .

. The éuperiority of binocular vision oéer‘mOnocu]ér vision was
compared both for the detection of stationary sinusoidal grating patterns

and for the detection of the apparent movement -induced by rapidly phase-
@ 1 s

reversing such gratings. The thresholds for binocu]ar and mqndtu1ar

1/2

pattern perception were in the ratio 1:2°'", as found by previous workers.

For apparent movement, howgver, binocylar thresholds were lower than
monocular thresholds by a factor of 12%%_for every subject tgsted

. . . v -
(n=20) the ratioe for movement detection was larger than the ratio for

3
pattern detection. The ‘effects of combining inputs from the two eyes
] L)

“cannot be exp]a%ned solely by linear summation models, but may in some

4

circumstances depend on the nonlinearities of certain types of nerve

cells.

CIG Imp11cat1ons « Since much of the psycho;¥y51ca1 threshold data

ava11ab1e used monocular viewing cond1t1ons ‘these thresho]ds shou]d

. be modified to reflect téf;iliiiijar v1ew1ng of the s1mu1ator d1sp1ay.
~ v ' .

~
@

-
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Schade,- 0. H. Opt1ca1 and photoe]ectr1c analog of the eye
Journal of the Optical Society of America, 1956, 9, 721-739.

Key Word: Physical eye model = .- , . .

}
A photoelectric analog of the visual systém is constructed in
confonnance with anatomical- data. The apalog has the form of a color

te]ev1s1on camera cha1n-feed1ng e]ectr1ca] signals to a "computer"

" (the brain). Evaluation of characteristics is limited to elements pre- T

..

ceding the tomputer and particularly to the "luminance channe]" of the
color system

The primary photoelectric transfer characteristics n —f(E ) of the
receptors (rods and cones) are computed as a function of retinal 1]]um1n—
ation’ (E ) from thresho]d signal- to-no1se ratios in the effect1ve 1mage
area of point sources,'d1sks, and other,.fest objects. The effect1ve
1mage area, which is the convo]ut1oh§of the obJect area with the sampling
area of the V1sua1 system, is determined from “its Fourier spectrum The
constants of the transfer functions are established from the optical con--
stants of thé eye, 1ts storage time funct1on4\and the max1mum transfer
ratio of stat1st1ca1 units of the.rod and cone systems There is a
little _room. for var1at1on of9constants, if they are to.remain in agree- )
ment with observed va]ues

LIRS

The inodmp]ete DC. restoration in the séstem'(differentiatjon of »

edges) is taken into account as a negative image component caused by
' : \

feedback. System design principles are used as a guide in calcylating - .
. . "\ﬁ. -
the signal integratidn by retinal-elements and the relative thtoconductor

el

143



gain characteristics of the receptors which are part of a system of inter- h
debendent functions including the primary‘characteristic, the overall .
transfer characteristic to the gﬁtic.nerve lines, and the four spatial
integration chara;teristics represented by the equivalent péssbands of

lens and-retina for the r%d and cone systems. . -

The final solution is perhaps not completely unique for all functions,

but does not violate or disagree with fundamental principies or observations

as demonstrated by a cofiparison of the operating characteristic of the

analog with the Munsell lightness scale, its noise level with perception

»

of external noise, and its statistical transfer ratio, re]ative‘gain,
gamma, and feedback with observed data. The héuity, contrast sensitivity,
and threshold visibility of point sources of the analog are, of codnse, )

in inherent agreement with corresponding propertﬁes of the eye.

" CIG Implications: This article is the first attempt at using Fourier _
analysis to describé the human visual-system. The optical and photo-
electric analog presentea_iﬁ this paner may prove useful in the

deve]opmen€ of algorithms for effective contrast management.

N

.
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Shlaer, S. One relation between visual acuity and i11umjnapién.
Journal of General Physiology, 1937, 21, 165-188, : .

Key Words: Acuity; illumination; historical development "
1 4

- -" ‘a 4
An. apparatus for measuring the visual acuity of the eye at different

(///,fﬁ11uminations is described. Th:J;e]ation of visual acuity and illumipation
for trained observers was measu using a broken circle and a grating.
Both test objects show a break at a visual acuity of 0.16; values above

0.16 are mgdiated by cones and values below are mediated.by rods. The

gratingsgives higher visual acuities at intensities less than 30 photoq;

-
—

and lower visual acuities above that. With conditions equal, the.maximum
4

visual acuity 9btainab]e with'tﬂe grating is appr&ximate]y 30% Tower than
that with the circle. When pupil diameter is less than 2.3 mm, it is the
Timiting factor in resolutien of the eye for the grating; when larger than
2.3 mm, the size of the central cones is the limiting factor. The data !

. s
derived from the cones with both test objects are adequately described
by previously derived equations foF the photoreceptor s&stem. The authors
conclude that detail perception is a_function of a distance rather than

an area, ‘ oo <

- CIG f:;ﬁicatioqg: Although some of the explanatory mechanisms, presented
here have undergone changés since the publication of this article, the - !
* , data are still quite relevant to -contrast management viewed as a line

.~spread function., ’ . ,
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. Stromeyer C. F., A. F. Lange and L. Ganz. Spatial frequency phase

« effects in human vision. Vision Research 1973, 13, 2345-2360.
Key Word: Spatial frequency phase effects )

9
’

Color aftereffects (McCou]]oGgh effects) were generated specific
to“each member of a pair of ve(tical gratings which had identica] frequency
spectra but which differed in the phase angles between thelr frequency
components. The pairs were either teft- and r1ght fac1ng sawtooth gratings
or gratings comprising the sum of two harmonies—ifirstﬁand second, first
and third, or first ahd fourth. Color aﬁtereffects were readily obtained
with sawtooth gratings (which had sh;rp eddes) andfwith.batterns comprisingv
first and second harmonics; the effects were'Very weak with*the first and '£§§
third harmonic patterns and almost absent wtth»the.fir;t and fourth har-

\ - / »
monic patterns. The resuits suggest that there are phase-sensitiva broad-

band mEchahisms within the visual system and that each "spatial frequency

- . - B

.. channel” cannot be simply represented by a“singie, symmetric line spread

function. , ' ‘

@

CIG }mp]ications: Relevant to the masking effects produced by a visible
raster and the Timitatiens—of-using only the line spread function for /,

the development of contrast management algorithms.

.
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Thomas, J..P, Sbﬁtia1 summation in.thé.fffeag asymmetrical effect; of
*  longer and shorter dimensions. . Vision Res h, 1978, 18, 1023-~1029.

Key Word: .Spatial summation ) T

Spat1a1 summat1on ugs measured for fovea1}; v1ewed rectang1es
super1mposed on_a 1000 td g:Zkground The Tonger and,shorter d1mens1ohs -
-of the stimuli wer-%gndepéndent1y var1ed‘from 0 to 50’ Visibility
increased as the 1er dimension was increased up to 40 or 50:."‘ ¢
Howéverg changes in the shorte; dimensidn affected Yisibi]it;>sysiema§:
(ica]iy only when the shorter dimension was less.than 5°'. when“thg
stiﬁu1ﬁ§\was ﬁéag the 1umin$nce fhreshe]d,’?ﬁa;shorter dimension was .

e

more accurateiy;estiméted than the Tonger dimension. , The results suggest
that the defection is mediated by onlythose spatfa1 frequency componeﬁtfdllﬂ

which 1a¢ pa2511e1 to- tﬁe 1ong axis of the st1mu1us

‘.

CIG Imp11cat1@ps, Prov13es data requ1red for the 1mp1ementat1on of more
B & .

effe%$wye contrast managément Given that a p1xe1 typically subtenus
¢ " ¢ ki
' approx1mateﬁy 4 o 6 m1nutes of VT’hﬁQ ang]e, controlling the appearance

N
of objects as vfew1ng d1stance decreasesgwf§1 requ1re setting the con-
trast threshold in tterms of the gﬁaect S 13'ixg’en dimension. .
[ S I e I e
. . o

apm e L ‘
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Van Nes, F. L., J. J. Koender1nk and M. A. Bowman, Spat1otempora1

. modulation transfer in the human eya. Journal of the Optical Society of
. America, 1987 57 1082-1088. ' -

- ¢

Kex Words: Modulation, transfer; contrast sensf%ivify; flicker

L3

changes in space anq-time, obtaine_ by means of traveling-wave stimuli, was
measured as a function of spatial a temporaJ\frequency for waite 1i§ht.
The average retinal illuminance was vagxed betweea 0.85 and 850 tao]ands.
The threshold modulation for perceptioh.of a moving grating istgenerally

««  higher than that for detection of brightness changes, in space and/or time,

N . . that give rise to flicker phenomena.. Flicker-fusion characteristics,ﬂas .

“

determ1ned from the thresho%ds for the f11cker phenomenon, are found to
lose the1f”5and pass f11ter resemb]ance for spat1a1 frequenc1es of more
than 5 cycles per degree of visual angle. “The thresho]ds at flicker fusion

“™for spatial- and temporal-frequehcy combinations in which at Ieast one
P -~

frequency is not very low appear to be proport1ona1 to the 1nverse,of the

-

square root of mean retinal 111um1nance (in the 1nvest1oated range) Th1s

suggests a photon -noise-dependent threshold mecn4n1sm wh1ch is operative
in a wider illuminance range than*that found with contrast-sensitivity

., = . %
measurements for periodic illuminance, variations only in space of only “in
7 T ' ! f

time. ) . :

i~

148 - ) X

- v - F 2 - )
The contrast sensitivity of the-human eye for sinusoidal ‘.Ht‘fﬁlinancec
s K .-

-

B




’ thre$holds

CIG Implications: Effebtive contrast Tﬁnagement requires a knowledge of

-

“the-effect that spat1a1 and tempora] st1mu1us parameters have on detect1on

The tempora] parameters are especially important for dynamic

CIG displays. Th1s art1c1e conta1ns a portion of the available data on the

-

detection of flicker at various spatial frequencies and the human's contrast

sensitivity to these spatial frequencies as a fuhction of the signal's

<
< ! .
1

temporal modulation.




Wilson, H. R., and J. R. Bergen, A four mechanism model for threshold
spatial vision. --Visien Research, ]979, 19, 19-32. .

Key Words: Line spread function; threshold spatial function

data on the threshold visiHi]?t&_oﬁvspatially Tocalized, aperiodic
patterns are used‘to derdve the‘qroperties,of a general modé] for.threshold
spatial;mision. The mode]vcdnsists,of four diffeEent size—tuned méthanisms
centered at each eCCEntr1c1ty, each with a eenter-surround sens1t1v1ty pro-
F11e descr1bed by the difference of two Gauss1an functions. The two sma]Ter‘
mechanisms show re]at1ve1y sustaified tempora] character1st1cs, wh11e the~
larger two exhibit trans1ent propert?es ‘ A1l four .mechanisms increase
linearly in size with eccentricity. Mechanism responses are combined
through spatia] prebabi]it& sunmeti%e-to‘predict visual thresholds. -The
model quantitatively predicts the,spatfa] ﬁodu]ation transfer‘function.
(cosine grating thresho]ds)zunder both sustained,ane.transient conditions
with no free parameters. ’
(5 IMp11cat1ons . o - s:

’ : ‘s -
1) Conta1ns basic threshold data for s1ng]e objects as a funct10n

of size and temporal waveform. Thresholds for s1ng]e obJects ‘cannot be .
accurate]y estimated from studies using sine wave gratings or other com-

“r

plex periodic patterns. B ) s N‘\\.

\
.. 2) Hypothes1s that there is a limited number of size de(fttors e

in the visual system m1ght prove usefu] in future construct1on of CIG data

bases in the same mgnner that the~v1sua1 system's three color- detect1ng
A

N /
mechan1sms’have been exploited for the representation of colort ()

®
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B.2 RE

LUTION .o . ] nl

A11 the d1sp1ays exam1ned were 11m1ted in resolution re]at1ve to the

acuity of foveal vision. This- limitation restricts the range of perceptua1
tasks that can be rea11st1caT1y\s1mu1ated in current d1sp1ay systéMs The
research summarized in this subsect1on documents those perceptuaﬂ ab111t1es

that exceed the tapabilities of eurrent s1mu1ators. .
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, Baker , E. E. Some variables 1nf1uenc1ng vernier acuity. Journal of the
0pt1ca1 Society of Amer1ca, 1949, 39, 567 576.

Key Words Vernier acuity; 111um1nat1on, exposure color

Funétibns relating vernier acuity to i]Thmination were obtained for
,twb differeqt exposure times and at ? regions of Z#f@ visual spectruﬁ.
' Vernier acuity is Tow at low levels of brightness, risés with an increase
in illumination, and°1eve1s off éi high brightness levels. Vern1er acuity
is d1sp1aced downward for short exposures; the maximum vernier acu1ty is
best reached by pigher illuminatiors than by Tong exposures. Variations
in the funptfbné with exposure durations of the acuity objeEt are inte;-
préted By inte;sity-time relationships and previbus findings on thé effect
of exp&sure time on brightness discrimination.

- Investigations of the influence of color on vernier acuity show

that a]loﬁunctions are similar, but different maximum acuities are reached

N
a“. .

N, L T . - <
¢ witly different colored illuminations. The colors give acuity in the
— fo]]oWing‘qyder, from highest 'to least: red, yellow, whitg, b]ué. If

refractive éorrection is made to allow for sharp focusjng with b1£e illumi-

-
= 4 e

~

natidn, highe§t acuities are found for this color.

- Color of i]]umihqtion is significant for vernier acuity, sincg
higher acuities are found with nearly monochromatic 1i§ht than with white.

" The blurring of retinal images that is caused by restricting the range of

£

wavelengths may.cause this improvement.




. N ! s . .

CIG Implications: _Under optimal viewing conditions the human observer can

easily detect changes in position, size, and orientation which are very
RN
small relative to a pixel (the resolution limit of a display).” However,

these changes can be répresented'in the display by convoluting the image

) —
with a blurring function, as discussed in Subsection 2.2. '
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Buf]er, T. W, and G. Westheimer. .Pnferference with stereosébpic:mcuity:
spatial, temporal, and disparity tuning. Vision Research, 1978, 18,
1387-1392.

Key Word: Stereoscopic acuity

Y

-~ .
s

Stereoscopic acuity (the ability to detect differences iﬁ the depths .

of objects as small- as 2") }s conspicudusly reduced by the presence of
coqtours'contiguous to the test pattern. F]anki;g contours inter%ete
maximally when they are placed about_2.5d~from a test line, and 1es§ when
this distancé is increased or decreased. The largest interference effect
 is obtained when the flanks are presented.loo msec ﬁfter the onset of the
test pattern. The interference has é“ﬁuite narrow depth tuning: to halve

the "threshold elevation the f]aﬁ?s must be presented only 12", 17" and 40"

out of fixation b]ane for the three subjects, respectively. .

CIG Implications: Steroscopic acuity of .the human visual system greatly

_exXceeds the resolution 1imits of current simulator displays. .Some‘of -the *

displays' resolution limits can be circumvented by convoluting the image *

with a b]urringtfunction, as discussed in Subsection.2.2.

\

-
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.. < i . . .. e e .
selectively sensitive to limited ranges of spatial frequencies.

Campbell, F. W.; and J. G. Robson. Application of Fourier analysis to the
visibility of gratings‘ Journal of Physiology, 1968, 197, 55] 566. .

Key Words: Modulation transfer; grating shape ‘ %
.

__/
Th1s study measured the contrast thresholds of a variety of grat1ng

patterns oVer a w1de range of spat1a1 frequencies. The results showed

-

that contrast -detection thresho]ds for gratings whose luminance profiles

‘are sine, square, rectangular or sawtooth waves can be simply related

using Fourier theory. Over a wide range\of spatial frequencies the con-
trast threshold of a grating is determined only by the amplitude of the

fundamental Fourier component of its waveform. Gratings of complex wave-

. form cannot be distingpished from sine wave gratings until their contrast

.has been raised to a level at which the nigher harmonic components reach

~

their independent threshold. These findings are expﬁained by the existence

within the visual system of linearly operating independent mechanisms

r

CIG Implications: - ' -

Y

1) _For the detection of complex perioﬂié patterns; only the funda-
mental Fourier component need be disp]ayeé when contrast is near threshold

Tevels.

*

2) Discrimination among different complex patterns requires the

£y

display of the1r higher harmonics which may exceed the reso]v1ng power of

the d1§p]ay system. B

-

b 1 - . ']55
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Kulikowski, J. J. Effect of eye.movements on the contrast sensitivity :
of spatio-temporal patterns. Visioh Research, 1971, 261-273.

Key Word: Contrast sensitivity

The contrast sensitivity (the reciprocal of the contrast threshold)

was measured under various conditions of fixation such as normal involun-

tary'eye movements, tension tremor,,pqst—notat%on nystagmus, and the

.

* coarse stabilization of the retinal image. Most of the exagderated eye

movements reduced the contrast sensitivity for patterns of either Tow

.spatial or low temporal frengﬁties, and increased the Qensitivity at
high spatial and high temporai frequencies. Possiﬁ1e roles of the eyé
motion in detection of the spatiotemporal patterns are discussed.

-CIG Implications: For most practic&1_phrpbses, large eye movements de-

crease acuity and effectively narrow the gap between thé keso]utiqn of

-

the eye and the simulator display. The display's limited reso]utiyn-is‘

~

most prob]ema;ic whien the observer is able to fixate on stationary or

~

siow1y mbviﬁg objects.

-
-

»




Sloan, L. L. The photopic acuity-luminance function with special
reference to parafoveal vision. Vision Research, 1968, 8, 901-911.

Key Word: Parafoveal vision

A~ . The Tinear re]ation«between decimal acuity and lod luminance,
well eétab1i§hed for the fovea, js also found for parafoveal areas of
the retina.: The parafovedl acuity—]hmi;ance function has a siower rate
of change of acuity with log luminance And réacheé maximal acuity at a
Tower Tuminance. Chénges‘in retinal organization and their effects on

| ’the density of functional receptor units probably contribute to the ==
observed regional différences.

" CIG Implications: Since parafoveal acuity is less Than foveal acuity,

only.foveal acuitfy need be considered for simulator displays. Furthermore,

4 r

given the limited resolutfon of most displays, scene elements falling in
~ { N .
. -periphegal vision will appear more realistic than those elements on wiich

i the user fixatesa
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Thomas; J. P. Spatial resolution and spatial interaction. In Ed. C.
Carterette and Morton P. Friedman (eds.), Handbook of Perception, V,
New York: Academic Press, .1975.

Key Words: Spatial visual perception; pattern reso1ut1on,
spec1a1 interaction - . :
~ -’

This article discusses two aspects of spatial- visual perception:
resolution of spatial patterns and phenomena of “spatial interaction:
The°pobics aré treated separatefy and then integrated with respect to
theoretical interpretation.

Spatial resolution is discussed in terms of'measurement (acuity

and contrast ggnsitivity) and as a function of several stimulus variables

affecting perfarmance, e.g., 1n£ensity of illumination, retinal locus, °

pupil size, spectral composition of illumination, orientation and viewing
\

distance. Theoretical issues involving 1) effect of the intensity of

field illumination, 2) optical or neural limitations, and 3) spatial

.- ¢ - z o

frequency tuning are discussed.

3

“Spatial interaction is similarly tr ;Fed wffh discussion of types
of jhtéréctioné that occur and measurement of the effects of a number of
variables (ezét, size of test-stimulus, background illumination, and

. sharpness of stimulus contours). 7/ .
| Three mechanisms are describea which must be considered when inter-
preting the phénomena_of spatial interaction: stray light, eye movements

-

and neural interaction. .

-
P

CIG Implications: Provides an overview of those variables affecting

® _ : .
" the detection and identification of visual patterns that must be con-
sidered to control the appearance of objects as a function of this
calculated view distance, i.e., contrast management and resolution. -
. 158 .
) N \ ~ '
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1
Van Doom, A. -J., J. J. Koenderink, and M. A. Bowman. The 1nﬂlnce of
the ret1na1 1nhomogene1ty on the perception of spatial patternS)
Kybernetics, 1972, 10, 223-233."

Key HWords: Retina 1nhomogeneity;,reﬁina1 model; foveal vision

<

-

From the fact that the retgga is rather inhomégeneous, it can be
inferred that the perception of spatial patterns of appreciable extent
will be dependent on the retinal 1ocat{on. Anatomical, electrophysiological
and psychophysical findings sub%}antiate the claim that the composition of
the retina is very inhomoéeneous: To invéstigaté the influence of this in-
homogZﬁEngﬁon the percept1on of patterns, a mode] _of spat1otempora1 sig-
nal processing in the retina was developed on the basis of.a paradigm for
the Weber-type adaptation. Such "sca]ing-ensemp]es" proved successful {;
the prediction of spatiotémpora] modu]a%lon transfer in the human fovea. .
One prediction of the presenf model is that certain spatial patferns.ane
optimally detected‘ag well defined retinal locations. A confrontation of
the model's predictions w{th measurements pubTished by‘Bryngdah1 (1966)*
made it possible to est1mate some of the reIevant parameters of the retinal
recept1ve f1e1ds as a funct1on of the eccentr1c1ty Obtained estimates .
compare reasonab]y well with previously known values; for instance, With
values of acuity and anétoﬁica] measdrements. The discu5§ion.is’ré1eyaht
to the quéstion of whether the retina is composed of independently tuned

spatial frequency filters at any retinal 16batjon, or whé<EEz/the tuning i's

with respect to the‘eccgntﬁicity.

Bnyngdah] 0. Perceived contrast. variation with eccentricity of

spatial sine-wave stimuli: size determination of receptive field centers.
Vision Research, 1966, 6, 553- 565




- !
© -

CIG Implications: Peripheral visual acuity appears to follow the same

Do psychopﬁysica] Taws found in foveal acuity once the differences in the dis-
tribution of rods and cones are ‘taken into account. Thergfore, the reso-
Tution of currént CIG systems is adequate for peripheral visi&n acuitx .
and does not require speci&1-algoﬁithms to effect apﬁropriate confrast

management.

w ¢ -

- ' 160 .
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Westheimer, G. Spatial phase sensitivity for s1nuso1da1 grating targets.
Vision Research 1978, 18, 1073- 1074. :

Key words: Modulation transfer; phase
o ° .o
) .
Because the full spec1f1cat1on of a sinusoidal grat1ng target must -

Jnclude phase as well as amp11tude a@ experiment was performed to deter-
mine the phase sens1t1v1ty for sinusoidal .gratings in centra] vision for
qorma] human observers. Phase disp]acement.thresho]ds for sinusoidal
gratings ranging “in spatial frequency .from 3 t% 25 cyc]es/degree are a
linear function of spatial frequency (1° of’phase angle per c/deg). The w

just—detectabre Jateral di

es ére constant .and equal to those for a

o

“single line.
ghe visual systex to detect changes or

. CIG Implications: ‘The ability of

differences in position (i.e., phade) far exceeds the resolution limits of

~

CIG displays wheh represented by a single line. However, the findings of
) ° . ¥
this st%dy indicate that thaese small displacements can be represented in

the display by a gradient of i]]umiration_which exgsgds over several pixels.

(See Subsection 2.23)

°
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Westheimer, G., and G. Hauske. Temporal and spatial interference with
" vernier acuity. Vision Research, 1975, 15, 1137-1141,

Key Word: Vernier.acuity

F Vernier. resolution i; substantially reduced when onset asynchrony of

the two lines of the target reduces the simultaneous exposuresof botkgl ines
' , * Ve L N
to 100 msec or_]eSSx It is shown that this reduction is caused by back-
~ .

) waid “interference of the target component that remains exposed. Temporal
interference of short-exposure vernier reso]htioh is limited tor the 150
msec fo]]owihg the target presentation an& tb a spatial region of about 10 ft
~ flanking the igimuli. The most effécfive interference is caused when line-
interfering stimﬁ]i é(e at a distance of.3 to 6 ft, not when they are super-
imposeq oﬁ the vg}nief target. The orientation of the interfering lines is
notxcritical. Quantitative analysis of the results eliminates ocular light ~
scatter as the principal o}iéin of the phenomena, and the fact tbét inter-
ference with vernier acuity still occurs with dichoptous testind’rﬁ]es out
the retina as the site of interaction. —
CIG Implications: Jernier-a;uity'(the ability to detect very small mis-

"

, alignments of two line segments) is well beyond the resolution limits or

pixel size of current,simu]ator,displays. However, as explained in Sub-
section 2.2, these small differences in position can be represented in
the display by convoluting the edges of the line segments with a blur

function. The\présent study indicates that this procedure may be neces- .

sary only when the line segments have thessame temporal onsets of phase. *
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Westheimery G., and S. P. McKee.

image motion.

8533
Key Word?

.

Journal of the Optical Society of Amer1ca, 1975,

| o
-

-

Visual acuity in#the¥presence of retinal-
, 847~

N
R&solution thresholds

:

Resolution thresholds for Landolt C ahd<§ernier targets remain the
7
same whether the farget is statiomary or moving with horizontal of vertica

[N

velocities of up to 2.5°/sec for foveal, presentation 1ast1ng 0 1 and 0.2

sec. 0b11que target motions are to]erated only up to 1° /sec Because

1

visual pursu1t is ruled out by random1zat1on of d1rect1on of motion and by @

the short; exposure, 1t is concluded that a stationary retinal image is not
a prerequisite for good acuity.

1) Convolution of vernier targets with a_blur function.

CIG Implications:
is required to represent these sma]l spatial disp]acemengs even when the
targets are in motion, and 2).the'breakup of edges and contours due to
a}iasiﬁd' is especially noticeable when they are in motion.
decrease in vernier acu1ty with mot1o? may account, in part, for this
effect. Furthermore, the convolution of moving contoﬁg:awith a blur ~ °

func;ion may'attenuate the perception of some of the§e'aliasing problems.

4

~n

*

The neg]1g1b1e\
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B.3 DYNAMIC RANGE -

\

The range of light 1ntens1t1es in the natura1 world is orders of -

magnitude greater ‘than that of any ex1st1ng or foreseeab]e CIG system.

The

Timited: dynam1c range of the CIG system manifests itself in several ways.

- For example, point sources “of light cannot be represented with enough

. intensity to have the same visibility or apparent brightness that the

. “sources have in the real world
- ¢ ¢

.- (For other examples, see Subsection 2.3.)
However,-since the Visual system is more Sensitive to relative brightness

or contrast than to the absolute igtensity of illumination, some simple.

steps can be"teken to mitigate the problems posed by limited dynamic range.

The basic stretegy is to accurately repreéent ‘the relative brightness of
objects in the real world within.the display's limited dynamic range.
“Art1c1es “describing the basic character1st1;§ of the v1sua1 system that are
* required to 1mp1ement this strategy are summarized on the fo11OW1ng pages.
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Bryngdah] 0. Perceived contrast vawiation with éccentr1c1ty o£_96§t1a1
-sine-wave stimuli: size determination’ of receptive f1e1d‘centers

Vision Research, 966, 6, 553-565. . s
.Kex Words: Subjective contrast; receptive:fields ' ‘
. . ' . . -~ 1

The perceived brightnesses of the maxima ang minima in a s1nuso1da11y

varying luminance dtstribution in space has been examined by supra-,

threshold techniques. The stimu]us variables were the eccentrici

L 4

°'the'spatia1 wave]ength of the sine wave pattera.: The - -psychophysical methed

used and the measurements performed are descr1bed The-sine wave patterns

S

had 50% 1ntens1ty mddu]at1on and an average 1um1nance correspond1ng 063

LY

trolands. = A c]ear dependence 0€ the extreme response 1evels upon retinal

location was found; the Tfi}M6; perce1ved contrast and the spatial wave-
1ength for which- th1s max imum occurs increase w1th increasing d1stance
<

from the fovea centra11s ‘An e§?1mate .of thé size of the recept1ve“

f1e1d eenter is g1ven A sens1t1v1ty d1str1but1on within the recept1ve

assumed. The hor1zonta1 ameter of the - recept1ve f1e1d center was found

<

) w vary from: 20u at, th.e fovea centrahs to 100u at 10° eccentricity. N

CIG Implications: Since the ahove «changes in apparent brightness with

retinal 1bcation will dccur normally in actual flight conditions, they wili

also occur in the simulator in a natural manner if foveal brightness func-
' o © ' N :
tions aré used to model algorithms for dynamic range compression. i

. . . - v
£l : - ’
' . -
» .
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. in test.lum1nznce as a function of test area.
‘ ( i

f’creased as a

e
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D?amond A. L. Brightness of a field as a functidn of-its area.
- of the 0pt1ca1 Soc1ety of America, 1962, 52, 700- 706

Key Words;

Journal

Br1ghtness, spatial summation N

‘'

The br1ghtness of a test field as a function of its area was 1nvest1-~

4
gated Jn the fovea at different levels of luminance.

f1e1d that var1ed in area was presented to the subject's right eye

w

circular match f1e1d that was held at a constant 1ntermed1ate area was o

A c1rcu1ar test

® -
<
\

A

N s,

presented to the.subject's 1eft eye. The subJect s task was to match the

two fields in br1ghtness by us1ng the psychophys1ca1 method-of 11m1ts The
dependent var1ab1e was the test Tuminance requ1red e1ther to match a con-
stant 1um1nance or to produce a constant thresho]d effect.

3 . .
field radjus was varied in six steps from.2.69' to 26.86' for any one

The test—_

-

“of six 1eve1s of match-field 1um1nances from threshold to 2.56 1og mL.
'The resuT}s showed that on]y at threshold were there systemat1c differences
Thresho]d luminance de-

rea increased. At suprathresho1d test luminances, differences

that d1d occur were ne1ther systematic nor greater than might occur from day
~ )

to dby A theoretical account is presented based upon possible 1nh1b1tory x

1ntenact1on in‘the ret1na of "on“ by "off" nerve f1bers Curves generated

by th1s theory are f1tted to the data, . = -

o

CIG Imp1fo@t1ons

e

Relevant for- determ1n1ng the re]at1ve contrast or bright-

ness among‘Scene elements that w111 produce a realistic percept1on of con-""

trast w1th1n the d1sp1ay S 11m1ted dynan1c range Accord1ng to th1s study,

the s12e of a light cource does not affect apparent brightness. Other

' .
] - LS N -
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S . C,
: ~ studies have indicated that size dees have a small effect on.brightness.

S

14 * .
| In either case, one can ignore stimulus size for suprathreshold illumina-

.

{ “tion and still obtain a good approximation of relative contrast.
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Diamond, A. L.- Fovedl ‘simultanequs cofitrast as a fuqé%jpn of inducing- ;
field area. Journal of E;periﬁbnta] Psychology, 1955, 50, 144-152.

\
Key Norqjj Contrast; foveal vision e
T - '

4. The apgfrent brightness of a 33' test-field square is'studieg as a

Ll 1

function of the area and luminance of an inducing-field square, the area

~

VL

-yarying from zero to douQ]e that of the tést field. A binocular matching
technique is used in two experiments. These differ in the method ofvho1ding
constant the gpatia1‘separatioh between th-test.and.inducing fields while
___ . the inducing-field area is varied. Expériment I holds constant the dis-
tance betwéen the near bbrders o%‘the two fields. Experimen? II ho1qs
constant the distance bétween their centers. It is pointé& out that neither
method of spatia1-sepafation tontrol is justified, and that it is theoret-
ically more correct to assume that, dlong with inducing-fie]d‘aréé variation,
' spatial separation is also being varied: ' : . !
The results for both experiments shew that the.testifie1d apparent
bFighfhess decreases as’the area of.the inducing fiéﬁd increases, but oniy.
for indpcing-ffe]d Tuminance equal to or greater thaﬁ the test-field
Juminance. In Expériment IT, the test-fié]d~qppare£¥ brightnes; is rela-
tively 1es§ affected by the sméf?er.iﬁducjng-fie1d areas than it is in

.3

Experiment T. although the effect 1s ‘the sawe tor the .argest area ,
. * -

€16 Implications: This eXperiment is relevant to maintaining natural levels of i
relative contrast amBng objecfs within CIG.display's limited dynami¢ range. °
The decrea§ing apparent brightness of an bbject with increasing size'bf~the

'background field will beJ;éalisticaW]y simulated by simply settiﬁg the relative

° * . y -
contrast of objects in'the data base to match those of the.real world.
Q ’ .- -

TR ‘




Furchner, ¢. s., J. P. Thomas, and C. W. Campbell. Detection and
a1scr1m1nat1on of simple and comp]ex patterns at low spatial
frequencies. Vision Research, 1977, 17, 827-83¢.

- Ké&.ﬂgﬁgéi Low spatial frequencies; detection; diserimination ) )

.
A

These exXperiments examined the extent to which low spaERa] fre-

°

quencies are processed indgpendent1y. The assessment was carried o&t with
respect to both defectibn and\discrimination performance. For simple .
sinusoidal gratings, pairs of stimuli could be discriminated when their
contrasts reached threshold if the 'ratio of their spatial freéuencies was

2 3:1 or larger, a result thét'suggests independent processing in separate

v

channels. For smaller frequency ratios, slightly more contrast was requ1red

for discrimination than for detect1on, suggest1ng that stimuli were.not

\

processed by entirely separate channelé. The detection and discrimin-

*

ation thréghblds of complex grating stimuii fell within the ranges which

would be expected if probﬁbi]ity summation effects and Eummation of dif-

- -

erent tlosely spaced harmonic frequencies Within~sing1e channels are

considered. This result supports the .hypothesis of independent processing

[ N 4

of low spatial frequenéy information. . The single exception to this sdbport

involved discrimination of a square wave from a square wave with its funda-

-~

mental component removed. .In this case, discrimination required considerably

. ‘more contrast than detection, even when factors of probability summation " .

! 14

and within-channel symmation of harmonics were considered. T

—~

CIG" Implications: The visual missing fundamental provides an example of

a filtered display that cannot be perceptually di'scriminated from an
s

unfiltéred display. Thus, these results demonstrate an instance where
a - [ .

. . ) £ 169
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w—iat . . L. . o, .
; y spatial filtering emp1o¥ed for the compression of dynamic range will

ggﬁé result in a realistic perception of relative contrast.
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Higgins, K. E., and E. J. Rinalducci, Suprathreshold intensity-area
relationships: -a spatial Broca- Su]zer effect. Vision Research
1975, 15, 129- 145, . )

ng_words: Intens1ty area thresholds; spatial Broca-Sulzer

Three experiments are reported in which a brightness-matching
procedure was used to determine the form of the foveal intensity-area
relationship at varying suprathreshold levels. With two exceptions, the

. , , o
results of these experiments were consistent with previous threshold-Tlevel

investigations of the intensity-area relationship. First, the nominal
\ .

.degfee of spatial summation at the smaJ1est‘;¥?ﬁh1us size (less’than 2 to

3 ft) consistently gxceéeded’ that predicted by Ricco's law at all visibility

levels. However, further analysis indicated that this "supersummation”

phenomenon 1is more than Tikely attributaﬁ]e to calibration errors intro-
duced by diffraction. §pcond--and more Tmportant--at the higher supra-

threshold levels the coeff1c1ent of spatial summation becomes negat1ve

between 3 and 6 ft, indicating ‘that brightness decreased_w1ﬁh increasing

stimulus size. This effect was term§6\the "spatial" Broca-Sulzer effect by

analogy to its more familiar temporal counterpart. The third éxperiment

indicated that the form of the suprathreshold intensity-area relationship
%

depends,_ to some extent, on the size of the standard stimulus used in the

br1ghtness <matching task - L i T

CIG Implications: jhese results indicate that in most practical situations .

the contrast management procedures suggested for near-threshqld stimuli

« may also accurate1y represent the natural relative contrast among objects

‘ w1th1n thg)d1sp1ay S: 11m1ted dynamic range.- Further research is required

)

. to c]ar1fy this 1ssue

171
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Hood, D. C., T. Ilves, E. Maurer, B. .Wandell, and E. Byckingham. Human
cone saturat1on as a function of ambient intensity: a test of models of

shifts in the dynamic range. Vision Research, 1978, 18, 983-993.
. Key Hords: Adaptation; dynamic-range

Cone saturation refers-to the fact that an 1ntens1ty (the saturat1ng
1ntens1ty) of a f]ash Gan be found such that the cone system cannot detect
1ncrements upon this -flash no matter how intense these increments are made.
By making assumptions which relate both the psychbphysica11¥ obtained
threshold and saturating intensities of the flash to a supposed physiologi-
cal response, models describing the shifts in the dynamic'range can be
tested. The present study examines tﬁe effects on thresﬁo]& and saturation
produced by various steady adapting intensittes. The data are fit by a
model incorpprating changes in both -the semisaturation constant of the

°

system and the maximum response elicited by a flash.

CIG Implications: This articlé is relevant to the problems associated with

Pl

the Timited dynamic range of simulator displays. Since the visual system

tends to be more sensitive to spatial and temporal changes than to the
»

absolute Tevel of stimulation or brightness, a realistic perception can

be achieved if the relative contrast among real-world objects is -accurately

~ e - - e Y
represented within the display's much more limited dynamic rang®. This can

be cone by devb]oping a contrast compression\élgorithm that matches -the

compression accomplished by the visual system} The model presented in this

article should provide a sound basis for such an algorithm.
g

-

~

.
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Kulikowski, J. J. Effective contrast .constancy and linearity of contrast
sensation. Vision Research, 1976, 16, 1419-1431.

Key Word: Apparent contrast !

Apparent contrast of gratings and edges was evaluated either by
matching the contrasg of an adjustable pattern to a reference contrast
c s A ~

or by subjectively setting a fraction of the reference contrast. In the

matching task, patterns appeareé ;o have the-same contfast when their
suprathreshold contrasts (physiéa] mjnus-threshold) were equal. This
result means that there Qﬁs effective contrast constancy of various pa;-
terns of high contrasts, since at, these levels targe just-noticeable

'dtfferences in contrast exceed the differences in contrast thresholds.

CIG Implications: #Appropriate relative contrast within a display system's .
1iﬁiped dynamic range ﬁay be modeled from the eye's contrast sensitivity

function for both.threshold and suprathreshold contrast levels.

>




Mansfield, R. J. W. Brightness function: effect of area and duration.'
Journal of the Optical Society of America, 1973, 63, 8, 913-923.

Key Nor@s:‘ Brightness; Tumination; Broca-Sulzer

The dependence of perceived brightneés on f]gsh Tuminance and dura-
Ltion was determined for dark-adaSted pbservers for various target sizes,
retinal 1ocation§, and wavelengths. In the E;rgt series of expeiﬁmenls,
observers made magnitude estimations of the brightness of flashes of

varying luminance and duration. Pérceived brightness varied as a

power function of luminance with simple fractional exponents: 1, (1/2),

(1/3). The exponents for brightness depend dﬁSﬁ both target size and.
flash duration. The second series of experiments deternrined how the Broca-
Sulzer brightness enhancement shjfts to briefer or longer durations with’.
changes of 1umiQ?nce. Observers aqjusted the dUrafﬁoﬁibf constant-' |
luminance flashes to produce a maximally bright flash. The f{;sh duration
producing maximum brightness varied as a powe}-fpnction of Tuminance with
simple frdctiona1-exponents: (1/2) for point sources and (1/3) for ex-
tended sources. .The«reguiarity of the exponents suggests fhat a simple’
mechaﬁism 6nder1ies the encoding,of brightness information in the dark-

adapted state. . 4 —

CIG Implications: Relevant for the development of algorithms for. the com-
pression of dynamic range as a function of stimulus color, size and dura-
tion. Such algorithms are intended to produce the pengeption of realistic

dynamic range within the limits of the display.
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Marks,L. E. Br1ghtness as a function of retinal locus in the light-
adapted eye. Vision Research, 1968, 8, 525-535.

ng_ﬂgrgg; Apparent~br1ghtness, relative brightness
q -

Apparent brightness was measured by the method of magnitude estima-

tion as a function of three parameters: 1uminan%F of the target, locus bf

stimulation, and level of light adaptation. For any given 1evé1 of light
adaptation, brightness grows as a power function €f luminance and thereby
conforms to 5he~genera1 psychophxsica] law proposed by S._S. Stevens.* The
exponent of the power function does_not appear to v;>y\appréciab1y from

one retinal 1ocus‘to another. From the br%ghtness funct%ons it can be

"~ shown that a 1° white target of constant Tuminance appear; brighfgst in the
fovg%; its brightness decreases steadily as the fbcus oflstimulatisn'is

made more and more eccentric. . Relative sensifi;ity'(reciprocal of luminance
at threshold) also decreases with,distance from ‘the fovea, eicept at Tow
levels of 1light adaptationﬁgwhgre sensitivity is jreatest at about 5%,

.

CIG Implications:! The data are relevant for the simu]ation of the relative

»

“contrast among elements of the v1sua1 scene within a ¢1sp1ay system's
Timi ted dynam1c_range. Appropriate contrast 1eve15 can be set in the data

base by using the power function once the system's average brightness or

adéptation 1evé1‘has been calculated. This strategy a]]oWs the determina-

tion of relative contrast for all rglina1 locations. \
' ¢
* ' ' / \ . ‘ .
- Stevens, S. S. Is. There a Quantal Threshold? in Rosenb11;h, W. A.
(Ed.), Sensory Communication. New York: Technology Press and Wiley, 1961."

-
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Mark's, L. E. Visual brightness: some app]icationé of a model. Vision
~ Research, 1972, 12, 1409-1423. \ .

Key Words: Brightness; areal summation

.o
&

Severa] models have postulated networks analogous to e]ectr1ca1 ) .

.-

f11ters in order to account for neurophys1o]og1ca1 and psychophxs1ca1
behavior of the visual system. A filter system that contains 1nh1b1tory s
feedback can be used to accoynt for the cube-root re]at1on that typﬂcally )

obtains between Judged brightness and intensity of light f]ashes Elabora-

tion in terms of Jatera] facilitation and lateral 1nh1b1xory feedback .

- . . .

7nab1es the -model to account for.differences among brightness-intensity

functions measuréd at different retinal lpci.. This type of.e]aboﬁa- - \\\;—LJ/
tion may also help to, account for the way brighEness debends’on séimu]us —
area. - ‘ L N o Lo

] M N L]

CIG Implications: The model presented 4n-this sfudy can be useful in

efforts to deve]op a]gorlthms that simulate the rea11st1c appearance’ of
-relative’ br1ghtness w1th1n a display's 11m1téd dynamic range.

<

&
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" Owens, D. A., and_H/ W. Leibowitz. N1ght myopia: cause and a possible y

bas1s for ame]1orat1on American Journal of Optometry and Phys1o- ~
.’llqg1ca] 0pt1cs 1976,753, 709- 7]7 R \ ‘ A

-
.

- -

" Key Words: Night Vision myopia . . ' .

-

The re]at1onsh1p between n1ght myopia under simulated p1gh\‘dr1v- ) .

1ng conditions and the dark focus of accommodat1on was exam1ned Over’

l:

a range of luminance and coptrast.cond1t]ons typical of’the night, . R

. driving situation, cpllege-age subjects accommodated to about ope-half

the-difference between a distdnt simulated road sign and.their individual

- i i

r~dark focus. Spbseduent-]aboratory and field e?geriments demons trated
Hy v - 9

— ————— -

‘e

~

that 1) a negative correction edual to half thdfvg]ue of the dark focus -

[

resu]fed'in night visual performance that was signifjfipj{y improved over
that for normal or fFull dark-focus correctiony and 2) greafer improvements
in performance were obtained for, subjects who exhibited a re]atjve]y near

-

dark focus.

CIG_Implications: The illuminance of daylight’ scenes in a simulator

. -~ 7
,disp1ay is considerably below that prESent in actual daylight. The N

.

reduced illuminance may,resw]t in‘a shift towards rest1ng accommodat1on
]!V%]s which are 1napprop?1ate for normal day11ght viewing, and may

decrease the amount of positive. transfer begween the simulator and

actua].f11ght cond1t1ons. \\
A .
» = »>
. ™
. 177 .
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Sullivan, G. D. , and M. A. Georjeson. The’ m1ss1ng fundamental 111u51ons
variation of spatio-temporal characteristics with ddrk adaptation.
Vision Research, 17 977-981. ¢ s .

Key Words: Craik- 0i§r1en 111qs1on;‘dark'a tation; contrast sensitivity
. . ¢ . Lo - . ) ‘_.

¢ ©

" When the fundamenta1 frequensy of a square wave is’ f11tered out, a

scalloped spat1a1 Tuminance profile rema1ns. At Jow spatial frequenc1es
. b : ¥
and low contrast the perception of a square reméins unchanged when’thg

oo . . oot . o ..
* fundamental frequency is missing--a phenomenon known as the missing funda-

"mental version of the Craike0'Brien illusion (CS?nsweet, ]97]).* This
. .- :

article presents a clear description of the conditions under which this
. i
illusion is,.oBserv&d.. .-,

[ .

- ’ ~

CIG Imp]ications: °This i1lusiqy represents an exémp]e of a fi]tered or

d)fférentiated d4splay that ma1nta1ns the apparent rglative contrast of

an unf11te?ed d1sp1ay It is re]evant for dynamic range compress1on

-
a]gor1thms d1scussed in Section 2.
¢ *’ » R ) . H '
. };Gérnswegt,~T4 Visual Perception. New York: Academic Press, 1970.
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Thomas, J. P. Threshold measurements of Mach bands. Journal of the
Optical Society of America, 1965, 55, 521-524. - R

“Key Words: Mach band thresholds; dynamic range : “ s

. Y N

v

Thresholds for Mach bands were obtained by filtering disContinuous
luminance gradients until the bands disappeared. ‘yisibiﬁity was.related

Yo two properties of the stimulus discontinuity at which the bands were
. . 9 . . ' .

seen: the change in the rate of .change of luminance with respect to
. . /\ M .

- distanée; and the luminance at the'discontjnu}ty. The former clearly,
affects visfbi]ity. The_lgﬁter also appears to affect visibility, but
its influence was not always demonstrable. Light and dark -bands are

Y l\ .- .
independently perceived. Light-band thresholds vary with exposure
& . * - )

duration according to Bloch's law. , T Ny ‘

¥

CIG Implications: Relevant for dynamyg range cdmpres§10n algorithms.

¢ v
'

contras 'than to the absolute level of illumination.

Co,

.t
N -
-

\‘1‘” ) .4.&.» ~
RIC U T

Mach .bands demonstrate the visual system's greater sensitivity-%o rélative ~
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“Kex Words

. of a solid f1e4d‘of equal phys1ca1 1um1nance

. luminance "in accordance with’ Talbot's law.

'frequency or changec in 111um1nat10ns 1n;the spat1a1 doma1n Thus ™

J\
~ v

A . :

Walker, J \T ®rightness enhancement and the Talbot level in stat1onary
+ gratings. ~*Perception and Psychophysics, 1978, 23, 356-359.

,SubJect1ve br1ghtness est1mat1on, Talbot's Law

§

¢

At 1ow spat1a1 frequencies, the perce1ved brightness of the 11ght

.

phase of a stationary square- wave grat1ng is greater than -the br1ghtness

That increase in the per—
ce1ved br1ghtness of a grat1ng,at Tow spat1a1 frequenc1es is ana]ogous to

"

the br1ghtnes& énhancement observed in 2 f11cker1ng 11ght at Tow tempora]

.

@

v

frequenctga, At 'or above the cr1t1ca1 spatial frequency--the visual reso-

Tution thresho1qﬁ—the brightness of a grating is determined by its space—'

average 1um1nance just as the br1ghtness of a flickering light at or
é

‘above ‘the cr1t1ca1 f11cker . frequency s determined by 1ts .time- -average

Thus, Ta]bot s law applies in . °
the spatia] as well as theﬁtempora1 domain. The present study adds to the.

ay1dence that. tempora1 %nd spat1a1‘frequency p]ay ana]ogous .roles in some

N .
P

) aspects of br1ghtness v1s1oﬁa e > - . T . K

cia Imp11cat1onsw Re1evant for contro111ng the apparent brightness or

contrast of obaects w1tn1n the 11m1ted dynam1c range of. a~s1mu1atpr d1sp1ay
This ?éudy prov1des anothér demonstrat1on that the v1sua1 system is ‘more ' .

sensitive to changesfnn 111um1nat1on than to, the absaﬂute 1ntens1ty of

« < - . i v e

st1mu1at1on In thns €ase. apparent br1ghtness ﬂS scaléd in terms-of spatial

k'

_~algor1thms for' the compress1on of dynam1c range shou]d 1ncorborate spat1a]

°
G, . ° v
¢ % - . “ “

_.frequency changes . v




B.4 DIRECTIONAL ILLUMINﬁTION EFFECTS .
The absence of d1rect1onaT illumination din current CIG. systems con-

tributes to the unrealistic appearance of the disp]ay The articles dis-
cussed in this subsection describe the basic physical propert1es of
directional illumination, e.g., surface ref]ect1on, shadows, and glaret

These data are needed to incorporate d1rect1ona1 d1lumination into the

data base.-

-~
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Fry, G., and M. Alpern. The effect of a peripheral glare source upon
the apparent brightness of-an object. Journal of the Optical.Society
of America, 1953, 43, 189-195. . o

i

Key yg[g§:_.Periphera} gJare;_appareut brightness

£l

The decrease in perce1ved br1ghtness of a fovea] _test object pro-
¢

duced by a peripheral glare source can be accounted for in terms of a

\ .
ve111ng 1um1pance produceo by stray light falling on the fovea. The same «
. : ) N Ny i . *
effect can be produced bycan artifical patch of veiling luminance super-

E

imposed on the“test object. The effect of increasing the angle between

.
* /,
Y

the q]are source and the test object is equivalent to that of reduc1ng’the Y
br1chtness of the g]are source in accordance with the ‘stray 1ight hypothesis. /// ’

The measured amount of ye1|1ng Tuminance conforms to that found by previous

investigators. The changes'in brightness that occur immediately fo]lowing

*

the onset of a pecipheral glare source as well as the changes which oecur

fo]1owing remove1 of the glare sdlirce can’atl be accounted. for in temms. ) ,
vt ¢

of the ve111ng 1um1nance produced by stray light falling on the fovea

CiG Imp11cat1ons The veiling g]are‘that is norma]]y produced. by strong

3 . 3
! d1nect1ona1 illuminat#on sources (e.g., the glare of direct.sunlight) or
+  the iight scattering caused by the windscreen are not present in current
CIG—disblays. This article presents data deseribing the pecceptual effects
‘ * * - ! ' ' ]
of glare and provides the basis for deve]op’ng algorithms to simulate these N
éffects. . ' °
M / '
3 ‘./0 . ) \
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Legge, C. E., M. A. Cohen and C. F. Stromeyer." Spatial- freuqency masking
with brief]y pulsed patterns. Perception, 1978, 7, 161- 166. N

Key Words: Spatial frequency; masking

-
4

Spat1a1 freguency masking was studied with br1ef1y pulsed (25 msec)

. vert1ca1 gratings. The’mask was a noise grat1ng, and the test pattern was

o

a sinusoidal grating. A 1ow-frequency band\of noise masked a 1ow- but not

a high=-spatiai- frequency test grating when the patterns were presented
2 ~ v
simultaneously. A h1gh frequency band of no1se did not make a 1ow-

A}

@

frequency test grating when the pa}terns:were presented s1mu1taneous1y‘or
when the mask was presented after the test pattern- (backward masking)

Mask1ng was observed however, when the mask or,test pattern was of a.

N v
L] - .

high enough contrast that the stimuli had nonlinrear distortion and thus -

) produced DC sh1fts of the field luminance.

- A}

CIG Imp]icat1ons; In actual flight conditions 1arge and abrupt changes in -

the 1eve1 of 111um1nat1on can, occur. .For examp]e, such changes w111 occur

when mov1ng in and out of the sun]ight because of patchy cloud cover. 'A]so

ref]ect1ons from highly reflective surfaces will cause ,an abru t and short-,

Y

. 11ved elevation of 111um1nat1on Under these cond1t1ons -masking may*resu]t'
.4in an 1@i§1rment of the detection and 1dent1f1cat1on of patterns in the

/

> darker field of 111um1nat1on -At present none of these effects are

-
.

incorporated in-simulator displays. - *
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‘ CIG Im311cat1ons ' _ . - . ' )

~t .

Overington, I. V1s1on and acqu1s1t1on London: Pentech Press, 1976.
Key Word: . Survey of visual research

.

. ~ 'The purpose of this book is to provideé, in one vo]ume a survey of

basic and applied research relevant to practical prob]ems im the v1sua1
acquisition of information. The book deals with a wide range of applied
brob]ems but does not directly discuss the issuesfinvoTving f]ight

simulators in aebth.~'Neverthe1eSS, this vo]ume represents the most cur-

rent single collection of research that may be app11ed te CIG problems as .

1nE%cated below. \ '

‘data base that are most apQr2£r1ate for a range of individual ab111t1es

CIG systems. ‘ ) T {(//

. [N
£ 3

1) Chaptert3 presents the few studies describing the variability .

of visual performance both within and between 1nd1v1duals .This infaorma-

’

t1on is qu1te necessary for setecting the stimulus:threshold values in the

) - !

2) Chapter 4 surveys all the major st1mu1us variables affect]ng
detection thresho]ds, wh11e chapter 5 covers a comparab]e Portion of relevant
data on rec;§n1t1on thresho]dS'and acuity. Beth these séctions cover the - -

basic information required for the implementation of more,effective con-
trast mdnagement. . ) . .o o o
-
3) Chapters % and Z«survey attempts to model human v1sua1 per-
L 4

formance and may prove- useful“for the deve]opment of contrist management

algorithms »

~ . L]

s - . . b ’ ¢

. 4) Chapter 14 presénts physical data on surface reflection which _

0]

shou™ prove- quite ‘useful in efforts to add directignal idlumination in -3'

184..'_ ' . 43*‘“”’5
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! .
.

"+ 5) Chapters 15 and 16 survey thé basic physical effects that the

i

atmosphere has on the propagation of 1ight. The data are presented in a*
N E

form appropriate for the addition of aerial perspective in simalators.

.
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B.5 RASTER EFFECTS \

In the displays examined, the CRT was megnified to the point where

the raster structure was resolvable. The présence of a visible raster

structure tends to mask -or prevent the detection of small objects or fine
patterns. 'Hua%rt1c]es summarized in this subsection describe the condi-
tions under which these masking effects impair the realism of CIG displays.

' \.w
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Burr, D. C. Acuity for apparent vernier offset. . Vision Research, 1979,
19, 835-837. . “ / ‘ )

Key words:, Vernier acuity; dynamic acuity ' K 1 C—
-~ Observers viewed an apparent]y mov1ng uert1ca1 bar that was d1sp1ayed
sequent1a11y -at a series of dqscrete pos1t1ons on an oscilloscope face.

_When the plottang sequence«was such that the upper half of the bar was

': a]ﬁaysH31sp1ayed s11ght1y before the lower, the bar appeared to be broken N

and offset at the middle, w1th the upper segment leading the lower

»/(although they are actua]ly displayed at-identical horizontal positions).

’Aculty for detect1ng this 111us10nary offset is very f1ne, 1ndeed a]most

. as fine“as that for detécting real offsets It is further_shown that such -~

an’ offset can be detected: enly if the bars are seen to be in motion.

CIG Imp11cat1ons. An interlaced raster structure may pnoduce 111us1onary

breakup of the components of mov1nq objects. - The small t1me delay between
. the two pargg of an interlaced raster scan is w1th1n the range that the
visdal system can somet1mes detect as a spat1a1 d1sp1acement e. g , at low .

update rates a doub]e 1mage of a sma]] moving- obgedt may result.

N

s ¢

. * .
. . .
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* De Valois, . k. Spatial frequency adaptation can enhance contrast »
sensitivity. Vision Research, 1977, 17, 057-1063, ] e s
Key Words: Adaptation; contrast sensitiyity; enhancenént
[ 2 Al : . W . :
LY . —

Aqaptat1on~to a high-contrast sihusoidéﬁ Tuminance grating*pfoducgs

«

— a temporary band-1imited loss in sensigi;;iy céntered around the adaptation
%requency. fhe'decrease appears to be both narrower and more symmetrical.
tﬁan eér]ier‘reports suggest. The effect falls to-zero by fli_} octave :
ahd is not rg1iab1y présent from f i.1 octave to f + 2 octaves. Eéhance—
ment of contrast sensitivity occurs for frequengies ﬁurtﬁer removéa,
peaking gt abouf f 1_2—3/4 t; 3 octaves. ThishsquESts mutual inhjbitory

. ‘ interééti;Qg among spatial-frequency-selective units of vary{ng filter

characteristics. Long—term‘practice produceé significant]y'higher contrast”
sensitivity functions and yparrower-bandwidths of the ar ational sensitivity
ensitivit e vid

10;2. o

. GIG Implications: Adapfatﬁbn to the spatial frequency of a display's
raster structure occurs, within several minutes of yiewing time. While
. P *

" -adaptatign produces an unrealistic decrease in sensitivity to visual

paﬁterns of similar frequency and,orientation, the sensitivity to dis-
S .

&

v : P

similar spatial frequencies is spuriously increased—"These problems can

be attenuated by demodulating the raster.

& .
-
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Erickson, R. A., and J. C. Hem1ngway V1s1b111ty of raster lines ip a
television display. Journal of the Optical Society of America, 1 70,.
"60, 700-701.

Key Hords: Image formation; raster']ines; resplution

»

A

¢
. .
- (-4

Ihe dJscr1m1nat1on of ‘raster line orientation was evaluated during

the d1sp1ay of air- reconna1ssance photographs and ‘triangles and c1rc1es of

d1ffer1ng sizes. D1scr1manat1on decreased with viewing distance for a]]

" display types, especially when the raster 11nes subtended Tess than 0.3'
visual anq1e Performance for hor1zonta1 and’vert1ca1 or1entat1ons Was

‘super10r to that for ob11que orientations. * ' ,‘ : .o

. S

CIG Imp]1gat1ons; Raster lines are somewhat less visibﬂe if they have an

ob]ique‘or1entat1on 1nstead of the usual hor1zonta1 or vertqca1 orientation.

Th1s decreaSe ins N1s1b111ty occurs because the human,v1sua1 system is 1ess

- ) ”

: sens1t1ve to pafterns with ob11que orientations. Furthermore, phys1ca1

reso]ut1on of the CRT 1s someWhat h1gher‘$%r patterns-ob11que1y oriented
to the raster 11ne§' Thus,-an+oblique or1entat1on of the raster lines:

will ﬁecrease their visibility and 1hcrease the CRT reso]ut1on in the  « _

' hor1zonta] and vertical® or1ent§t1on where the Visual system is most P

.
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’May“ J.- 6. Chromatic adaptation.of” or1entat1on and size specific perusa]
processes in man. Vision Research, 1972, 1509-1517.

;:u EQX_EQﬁQ, Adaptat1on 0r1entat1on, spat1a1 frequency

. Y P
g3
- -

" This studx 1nv01ved two exper1ments to 1nvest1gate the effects that
adaptat1on to chromat1c grat1ngs of (a) d1fferent or1entat1on and (b) d1f-
frent spatial frequency has on the threshold for chr0mat1c test gratings of
the same 0 diffenent wavelergths, orientations, and spatial frequfnc1es.
Threshe s were elevated by adaptat1on to grat1ngs that were of the same
wave]ength and ortentat1d” & the same ane1ength and spatial frequency as

the test grat1ng Adaptat1on tq grat1ngs that were of different wavelength

and/or or1entat1on or d1fferent wave]ength-and/or spatial frequency'from‘fhe

v:

" test grat1ng d1d not affect thnesho1ds significantly. In add1t1on, homo-

" geneous chromat1c adapting fields were used and_ 1t was found that the-
- thresholds for cﬁromat1c est grat1ngs were not s1gn1f1cant1y e]evated by

>

J
suCh adaptat1on .Jhese results were in general agreement with previous:
stud1es of or1entat1on specific and size- spec1f1c v1sua1 mechanisms ,. and-

it was concluded that these f1nd1ngs offer corroborat1on of the McCo]]ough '
. - : ¢

- .

effect us1ng thresho]d measures

- -

CIG Imp11catﬂons“ The decreased v1s1b111ty of visual patterns caused by

adaptation to a d1sp]ay s raster structure is specific to coior, spatfa]*

friequency and orientation. These unrea11st1c effects can be reduced only,

°

{
by decreasing the. visibility of the raster“j1nes through demodu]at1on or

“
.~

. Lo T g e .
other means. © -
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performs a two-dimensional harmonic analysis of visual stimuli.

> ey >

S R

<&

Pant1e,:ﬁ. Visual information processing of complex imagery.
- Medical Research Laboratory Technical Report AMRL-TR-74-43.

‘Key Word: Hermonic analysis of visual imagery

Aerospace

.
»

An-analysis of extant literature rdveals a.1arge body of\experi—
mental evjdence supporting the concept that -the human viéua] s&sfem
It
alsa reveals a“sma11er body of evidence that seems to contradict this

3

concept. Experiments berforﬁed in this report propbse a resolution of

these éppérent cbntradictions, and show how ‘existing congepts muit be

sTightly modified to include Ehanges in the kind of harmonic analysi§"

performed.

P
[N

spatia]-freduency reso]ution, seem to quantify human performance at
many form- percen;1on tasks; the kind of analysis performed depends on- ,

the ta§k A single p]QFTshow1ng the mask1ng effect of Bne spatial

w

frequency en another, prom1ses great ut111ty “ih target acquisition and

L4 -

detec§1on studies, camouf1agé\des1gns, and designs for opt1ma1 man/

° ve ©

mach1ne 1nterfaces

CLG Imp11cat1ons

A .
Thedpbi1ity to describe human visua] perception in

» .
5

terms of Four1er ana]ys1s is 1mportant becau§e sueh a formu1g}1on is

.quite amenable to the computational procedUres required in CIG systems.

» * -

for predicting the masking effects the raster structure will, have on thé

a .

. : w . .
various types of visual patterns represented on‘the display.» " <

P

Thqee kinds ef-analysisT—reéeesenting increasingty -fine -

,——

-n

. Furthermore,, the anh]ysis as treated in this report has special relevance .
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bo11ehn, H., and H. Roehrig. Effect of noise on the modulation transfer
function of the visual channel. Journal of the Optical Society of

America, 1970, 60, 842-846. .
Key Words: Modulation transfer function; noise thresholds /

v

The effect of noise on the;nodu]at1on transfer function was studied

by means of thresho]d measurements. Nh1te noise and 1/f noise of var1ous!

levels and different cutoff frequencies were dﬁsp]ayed on a telgvision
screen together with a sinusoidally modulated bar pattern. .The signal-
to-noise thresho]d necessary for percéption was mea§uned as a function

of the spatia] frequency of the bar pattern. This s1gna1 -to-noise
thresho}d which is strongly dependent on the bar- pattern fréquency,
is a1so*gepengent on the ms value and the frequency distribution of

the noise”as well as the dﬁfferenge between the bar-pattern frequency

and medium frequency of the noise. . An attempt was made to explain the « g .

results by visual observat1on of the bar pTttern in the presence of

- @
” -

' -

narrow bandw1dth no1se .-

'

CIG Imp11cat1ons. The mask1ng effects of "any.,noise-in a display system

will depend on the' spat1a1 erquency oﬁxbﬁthéthe no1se‘and the target..

'Targets that have spat1a1 frequenc1es Gear ,the medium frequency of the

-

" noise w111 be ‘harder to deteqt than any. other targets co

.e &F <

+
§
. s,
x
-
e
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Stromeyer C. F., and B Julesz. \S\atdal:grggggzey masking in visidn:

critical bands and spread- of magking.\ of the Optical Society,+
.« of America,” 197262, 1221-1232. . :

Key Words: Modulation transfer,amasking v

R .
M ” c e
. ¢ 3 :«

Vertical sinusoidal grat1ngs were v1ewed in mask1ng neise composed

bf vertical str1pes spread along the hor1zonte1 d1rectLon Mask1n func-

‘t1ons were obtained while vatying the grat1ng frequency re]ative to various

2 v LNRY

one-octave- wide bands of noise. These funct1ons ;1ose1y resemble cugyes -

der1ved from prev1ous exper1ments on adaptat1on to. grat1ngs Masking-was |

also measured as a funct1on of the width of4a band of ndi§e-centered»on

L)
~

the grating frequency. Masking. increased as the band was w1dened up to oo

approx1mate1y +1 octave; mask1ng d1d not increase further when the.band
3 4 ‘3 S e

was Widened beyond th1s range.s The results demonstrate that~a qrat1ng

- J

N » . -
1S'masked only” by no1se whose spat1a1 frequenc1es are s1mﬁ1ar to the |

v

grat1ng fréquency The exper1ments prov1de further 1nd1catfon of. the
‘ 6" "h o! a
ex1stence of channe]s 1n the.visual system “thats ‘are, se]eet1ve1y tuned

L ! M $ s 0¥ .

. 2 %‘* ,x’lf. ¥ . ~‘

to different spat1a1“frequenc1es o ) ntet Ty Tl
Coe e T a AR

:, CIG.qmplicat1onsv Raster 13nesn~1fl.tend to se1ect1ve1y‘ma3k V1§§al ‘ -

v' . Ty \ \
patterns Conta1n1ng s1m11ar spat{abvfrequenc1e§ and orJentat1on Thus,s .
’c' GQ "h:- % ' H . °

¥

[

:‘i'g dggectnon of patterns qgns15t1ngvof spﬁt1ai\\requenc1es hetween abqut
. 3 & g —
3 - to 10 cyc]esfdegree w1th a hovi Zontal or1entat1on w111 be, 1ﬁba1red

- Th1s 1mpa1nnent ¥s caused by the. properties of the visuad system and
- - .
- not” by ‘the aT1@s1ng/assoc1ated with” the raster structure. '

«
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* Tangney, J., N. Wejsstein, ard K. Berbaum Masking indepéndent of both
separation and spatial frequency. - Vision Research, 1979, 19, 817-S23.

Key Words: Forward masking; spatial frequency; distribution

[}

Thé brief presentation of a singie{dark bar lowered the apparent

L 4 .
contrast of a.subseauently flashed patch ofrgrating regardless of the ‘
- * \
- spatial ‘separation of the two patterns (up to 4° of visual angle). This

A

'» forward- -masking effect occurred when the bars of the two patterns were -

f
identically oriented, but not when their_orientation diff ered b/ 99°.

Such an orientation-selective Jinteration effect between Wideiy separated:

’ patterns could resuit‘frpm Fourier-like distribution of visua1 information, ,
but the magnitude of the masking effect is not\affected by the siniiarityh
of the patterns in the Fourier domain. Pattern coding by lot¢al features -

might exp]ain only the orientation specificity and the lack of frequehcy' ~

tuning, whiie pattern coding by« Fourier features might explain only the .

orientatign speCifiCity and the distribution effect. Therefore, neither

P v
.class of features completely describes tbe in1t1a1 coding of visual

patf‘erns. : - a ~ ' s L .
CIG Implitations:- Shows the existence of orientation-specific masking

?or'spatiaiiy nongyérlapping patterns. Indicates that raster Tines may
/ S N

produce masking éffects even in areas of the display where their visi-
bility is negligible. - o C | R
- ) . [}
v ) -cf‘ ! -
" . 194
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To]hurst,'D._J. Separate. channets for :the anal,sis of the shape and the
movement of a moving visual stimulus. Journal of Physiology, 1973,
231, 385-462. -

Kexwﬂqrgs: Adaptation; spatial frequency channels; temﬁorai modulation

[y

The gffects of temporal modulation on the properties of spatial

freauency channels wére determined using adaptation. Adapting to drifting sz‘
-
sinus01da1 gratings caused threshold elevation fhat was both spatiai-

.

,frequency and direction specific. Little systematic difference was -~

-

found between the bandwidths of the elevation curves for.drifting and :

stationary gratings. It was confirmed that adaptation fails to reveal

channels at Tow'spatial frequencies when stationary gratings are used.

However, channels were revealed at frequencies at least as low as 0.66

c/deg when the test gratings were made to move. The fact that these
channe]s are oniy minimaiiy adapted by stationary gratings confirms

their dependence on movement. The existence of movement-sensitive

channels at Tow spatial frequencies expiains the well known observation

that temporal modulation increases the sensitivity of the visual systém

>

to low spatigi frequencies.
Temporal modulation effectiveiy revealed these channels only when
the flicker or movement of, the test patterns was apparent to the observer.

Only at low spatial freéuencies,did patterns modulated at low. rates actuhiij

-appear to be temporarily modulated at threshold. Af higher spatial fre-

quencies, these patterns were findistinguishable from stationary patterns

¢ "

untii the contrast was above the detection threshold. It was' suggestedv‘
that the movement- sensitive channe1§ are responsibie for signaiing the
occurrence of movement and that the channels at higher‘spatia]wfrequencies
give no information about temporal changes. . ’ ’ g
2 ' 195 ' -
1 8; o -,




CIG Implications: . " »

Ty AdaptatiOH to the display's raster strutture will raise detec-

tion and identification threshéLJs ta patterns with similar ffequen;y

»

~ components. These adaptation effects can be reduced if the raster struc-

’
-

ture can be demdﬂu]ated in space and/or time.

2) Because direction- spec1f1c adaptation to movement may not be

simulated proper]y at low update ratés, there will be less pos1t1ve trans-

v

&~ ;
. fer of train1n9 to astual flight conditions. . )
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Tolhurst, O:-J.3 and L. P. Barfield. Interact1ons between spatial
frequency channe]s Vision Research,-1978, 18, 951—@58 .

‘EEX_HQEQE- Spatial frequency; masking S :;

* ’

The sens1t1v1t1é§ for s1ﬁuso1da1 grat1ngs of var1ous spat1a1 fre—

quencies were detenn1ned by a two a1ternat1ve, forcézchoice technique.

- ——

The effects of the s1mu1taneous presence 'of a grating of 4. 25 c/deg. on,
sensitivity were exa ined/ _The effects of pro]onged adaptat1on to the
same grating were a1so examined. when the testing frequency was c1ose

to the masking or adapt1ng frequency, threshald was elevated: when

the frquencies differed by 1 to 2 octaves, the threshold was Towered

°

(sensitivity was increased).

CIG Implications: fhese data indicate that ‘spatial frequencies close

to that of the naster will have e]evefed threého]ds, and EQqse 1.to 2 “

octaves removed will have lowered thresbo]ds.. .
. - A ’
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8.6 COLOR RS
\

' ‘The\éb1or represented in CIG displays is often des¢ribed as too
vivid and cartoonlike. The following summarized articles are relevant to
. - . _the reduction of this proplem. Other-articles in this subsection describe

how ‘color may Tdssen the masking effects produced by a visible raster
structure. :

~

b
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Ellis, S. R. 0r1entat1onrse;ect1V1ty of" the McCo]]ough effect analysis
by equivalent contrast transformation. Perception and Psychophysié%,
1977, 22,.539-544, - B

A . N
Key Words: Orientation; c&%ir; McCollough effect ~

i

L}

Using a cb]or-gance]]ation'technique, the strength of the McCollough
effect was measured in units of excitation purity. The strength was
studied both as a function of the contrast of the adapting gratings and as
a function of the angle X,between the axes of the test and the adapting
gratings: Results wére well described as a linear function of the con-
trast of the‘adapt{ng gratings and as a ch(ZX) function of the angle.
Both functions were combined to express an equiva]ent contrast transformation
wh1ch—conVerts the measurements of orientation tuning into a un1t comparab]e
“to that used for ,other kinds of or1entat1on\spec1f1c aftereffects . The
or1entat1on tuning was, found to be very broad %1th 4 ha]f width at balf
amplitude:of approximately 27°. .This estimate is considered to be'a sub-
stantial underestimate oﬁ’tne actual 'tuning of the aftereffect's substrate.

s

CIG Impdications: The masking effects caused by adaptatfon to the raster

2

structure will -have some degree of specificity to color as well as to .

spatial frequency and orientation. The co]dr specificity should occur only
\ .
in those situations where some portion of the display is one color

. for a considerable length of time. This problem can be attenuated by'& .
) demodulating the raster scan. \’
' g
199
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Indow, T. Scaling of saturation and hue in the nonsoectra] reg1on
Percept1on and Psychophysics, 1978 24, 11-20. .

Kex Words:

~

Co1or, saturation

~

¥

The saturat1on of two nonspectra] hues, magenta and violet, and the

P

hue sh1Ft between red and blué through the nonspectra] region -were both’

'

scaled by two methods-—equ1sect1on.to produce a difference scale (ub) and ~

ratioljudoments tQ produce a magnitude scale‘(ww) The‘coiored stimuli

were xgewed through apertures in a dark surround, with the 1um1nance kept
constant at one’of three leveéls--0.5, 2. 15, and 12.6 cd/m2 The resu1ts
were as previously found with saturation and hue shift between two adja-
cent primary hues in the spectral‘region That is, with exponents larger
than unity, wD was linear with colorimetric pur1ty for the saturat1en ‘of
magenta or v1o]et and w1th the mixture ratio of red or b]ue for the hue

shift, and wM was a power function of colorimetric purity for the satura-
tions and with the mixture-ratio for the hue shift. The uresent resu]tso
. wére combined uith\preuious results to give the change of parameters for
saturation funct1on§\over the ent1re hue circle. ~t.

" CIG Imp11cat1ons Useful for the selection of colar saturations to be

represented in thg data base.

> . s

) B . ’ X
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Lovegrove, U. Inh1b1t1on between channels selective.to contour- orienta-

tion and wavelength in the human visual system Perceptjon and Psythophysics,
Y1977, 22; 49-53.

ds: 0r1entat1on, co]or channel 1nh1b1t1pn S
Key WOr . ek

[}

-~

« 3

A

Recent studies have demonstrated'inhibition between channels selec-
tive to contour or1entat1dn in the human visual system On the basis of
adaptation stud1es, 1t has also been suggested that the human visual system
xontains channe]s joint]y responsive to both contour orientatian and wave-' )
length. The present paper investigates inhibition between channe]s Two
experiments demonstrated that, with s1mu1taneous presentat1on\of a center
vert1ca1 target grating-and a concentric—surremnd grating, the thresho]d
and the apparent or1entat1on of the center grating depended on the relative

i pr1entat10ns of the two gratings and a]so on whether ‘they were viewed in
“the same or in different co]ored 11ght Color selectivity in both experi-
' merits was found across a wider range of angu]ar separations than has
generally been reported for successive presentation of the two stimuli.
These resu]ts suggest inhibition between channels selective to comb1nat1ons -
of contour or1entat1on and wave]ength in the human visual system.

’

CJG Implications: The masking produced by a visible raster will be se]ect1ve
\
for cglor as well as spatial frequency Thus, mask1ng caused by the raster __~

structure may be less for color displays than for black and white displays.

This effect partly Just1f1es the additional cost of coJor disp]ays.
. .

L
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Uatanabe A, T. Mar1, S.<Nagata, and K. Hiwatashi. Spatial sine-wave
resppnses of the human visual system. Vision Research, 1968, 8,
1245-1263. b

Key words: Modulation transfer: frequency response.. .

/ \ . : -
#his article presents the sine wave response of the human visual
system measured under various objective and subjective conditions using
a monochrome television display system. ,
Generally, the sine.wave response curve of the visual system repre-
senteq the’shape of a bandpass fiﬁter, and the maximum contrast sensitivity
was observed in the range of 0.04'to b.l 1ine/min of arc.’

.

The response in the h1gh spatial frequency region was affected hy

the or1entat1oh of the s1ne wave pattern, and became minimum when the
pattern vias tilted %f}. The spatial frequency bandwidth of the response

1ncreased w1th the rise of both the contrast level and the average luminance

>
N [

) level of. the oatterﬁ The response increased remarkab]y in the h1oh fre-
queney. reg1on when the- contrast level rOse and a small dip appeared in
: the mfdd1e frequency req1on when the average Tuminance levdl rose above
30 ft-L. The cutoff frequency in the high frequency region:rose mono-

‘tonically with increase of the observation distance up to about 5 m.

. - 4 / .
The reduction of the pattern size largely decreased the response in
. x .

the Tow frequency region.. The ‘limitation of the.stimulus duration resulted
i

in the reduction of the response, especially in.th% medium frequency region.
The white stimulus exposed just beforé the presentation of the sine wave

Y

Pl - ? ,
pattern also reduced the sine wave response.

2
O‘QUL' o ‘ *
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. whgg the vertically striped sine‘wayé pattérn drifted hqrjzonta]]y
wjth constant velocities, the-response in the Pigh frequency region dg- .
creased and fhe specific vé]ocﬁty'was'found where the response in the ‘ .
low frequency fggfon became maximum and the sbeciffc velocity was a
%uﬁction of the spatial frequency.

‘ Coarse.stabilization of'the retinal image brought aboyt a reduc-'

tion of(response,‘@qd the contrast threshold rose from 5 to 15 dB in the

measurement in thelow frequenty region.

¢

\

No remarkab]e\gbange of response according to the spehtra] distri-
bution of the -pattern Qé observed; except for a slight reducf%on of
response to blue, patterns.

Yo . s

CIG Implications: This article .contains a large portion of the data .

required to implement the suggestions for more effective contrast manage-
ment discussed—in Section 2. Contrast thresholds were determined as a
function of spatial frequency, orientation, field of view, &verage _

luminance level, témporal ﬁodu]ation and color, The: findings show
x S .
that contrast management for color is basically the same as for white

) 4

1ight,ff\ﬁhe differing spectral %ensitjvit of the eye is takem\jnto

account.
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Willmer, E. N. Subgect1ve bnnghtness and size of field in the centra] ) A
fovea. -Journal ef. Physiology, 1954, 123, 315-323.

Key Words . mSubjective brightness; foveal threshold; fovea1 wavelength
sensitivity ‘ o

\ [

. - .
N .

. For measurements of threshdld, the velationship between the Size ¢
] -~ * 7 N

(i.e., area) of the central foveal field stimulated and the-luminance of

the fie1d is diffehe;t from what it is for the assessment of brightness .

by,comparison with another field of constant size and luminance.

When determining the threshold of vfsibi]ity~in the foveal center,

. \ . T . ) .
measurements of the relatiionship between area and luminance are essentially

indepéndent of wave1ength on ehanginq the size of the stimu]atea fie1d

This is not true when measur1ng brightness against a standard field in

I3

this region of the ret1na, because blue fields are found to behave .

differently than red or yelTow f1e1ds ' . : N

3

CIG Img]ications: Re1evan§ data for the development of dynamic range

t

compress1on a]gor1thms To maintain, rea]-wori//re1ative contrast "within .

the display's 11m1ted dynam1c range, the fact that the v1sua1 system is -
(
1ess sensitive to blue Tight than to other-wave]engths must be taken into

account ' . .
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. " B.7_ LEVEL OF DETAIL - ' s '

S~

The articles discussed in this subsect1on primarily gconcern the

¥ “a11as1ng effects common]y observed when a sW1tch 1s made from one level of
© detail to another.

Some of the articies also descr1be texture perception--
' “a topic that 1s re]evant to level of deta11 when an attempt is made to add
: texture to CIG displays. , , C
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*Braddick, 0. The masking of apparent motion in random-dot' patterns

V1s1on Research, 1973, 13, 355-369.

Kex word Apparent motion; masking ) o L
. h ) 3. > .

.
'
N

* “Two random-dot patterns were alternated to'gjve apparent motion of

a central sqﬁare region fﬁg appearance of the movtng squareﬂcou]d be

- ’

masked by expos1ng a un1form ]1ght field=in the 1nterva1 between the S
)

.patpyrns This mask1ng effect 1) was not found when the patterns and

* this masking also occurs for real motion and whether i

b]ank field were exposed tQ d1fferent eyes; 2) Gés of similar magnitude ,

i -

. when.a v1sua1 noise field was used; 3) was greatest when the masking f1e1d i?

1um1nance was s11ght1y greater than that of the patterns, deglln1ng for -
brighter f1e1ds, 4) was not produced by 11ght adaptat1on if the interval

1tse1f was dark 5) could not be accounted for by the reduct1on in

. apparent pattern contrast; 6) was greatest when the masking field was

eXposed earﬁyuin the interva] Three, hxpotheses are discussed: 1) that

this mask1pg of motionis an aspect of a more general mask1ng of the
-~

batterns, 2) that it is due to stimulation of motion detectors by the
+ ., . <o
mask1ng f1e1d, and 3) that 1t is due to erasuré ?f,BEJEf]y stored

information. The f1rst hypothes1s is reJected
CIG Implications: A1l dynam1c CIG d1sp1qys depend on the phenomenon of |

e
apparent motion to represent the percept1on of "real’ mot1on Th1s art1c1e

‘adds to our know1edge of apparent mot1on by deSCr1b1nq the conditions

: \that mask its percept1on Further research is requ15<§\to determ1ne whether

represents a
. : .
significant problem for CIG displays. - ' N
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Breitmeyer, B. G. A re]atwonsh1p between the detect1on of s1ze, rate,

. orientation and d1rect1on in the human visual system. Vision Research;
( 1973, 13, 41-58. , . : G

~N
Key word s: Motion perception; size and shape relationships .
Differential 1ncrement thresholds for stat1onary gratings of
variable spatial frequency and for moving patternslof var1ab1e velocity
following adaptation to either of two velocities (2.5 and 6.5 deg/sec) or

I3

to either of two spatial frequenc1es (1.5 and 4. 5 c¢/deg), respect1ve1y,

.7 !

1nd1cate that the-human visual ‘system contains units of analysis wh1ch
respond selectively to stimulus size and've1ocity. A distinction between
two types/ef units, speed and velocity (1. e., Speed and -direction).
ana]yzers, was established. Under cond1t1ons of systematically waried
background illumination levels, correspondvng1y systematic changes in the ./.
s1ze ve10c1ty preference of the hypothes1zed analyzers occurred, suggest1ng
that the unit 1mpu1se response (1 e., the ‘response of a unit to a pulsed
stimulus presentation) determines the analyzers' s1ze—ve1oc1ty preference.
The preferred velocity, v, and spatial frequency (s1ze) fs’ were sho%n to
be relatable by the formula f vi = 1, where i 1s the interval betwegn th;
onsets of the pr1mary and secondary excitatory d1scharges of the yhit

impulse Lesponse.
MEL 3

CIG Implications: The data are re]evant for determ1n1ng updat rates that

will produce a natura] percept1on of motion depending on the/ﬁlze, rate,

orientation and direction of stimulus movement.

-
~
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Breitmeyer, B. G » and L. Ganz. Implications of sustained and transient

channels- for theortes of visual pattern masking, saccadic suppression,
and information processing. Psychological Review, 1976, 83, 1-32.

ggx_words, Transient vision model; sustained vision model

r o ’

The sustained/trangjent model presented here conceptualizes the
visual system as comprising two parallel and semi-independent channels

which are in a complementary relationship. The transient system is

~ functionally characterized by high temporal resolution, short'1atency,

and re]atiye1y Tow spatia] resolution, and comprises pért of an "early '

R -

warn1ng system" that or1ents an organ1sm and directs its attention to

locations in visual space that potent1a11y contain novel pattern informa-

-t +

tion. This pattern information is subsequently analyzed by the sustained

r

system, which is character1zed by high spat1a1 reso]ut1on, long latency,

't and “long 1ntegrat1on time. High-acuity. tasks, such as the recognition of

small forms and high-resolution stereoacuity, would. accordingly require a
longer perception time than low-acuity tasks. -

7 One of the design problems inherent in the sustainéd system is:that
its long integration time permits stroﬁg‘pr&active or forward maskiag by
ingegration between successive fixations of-the visual world. Th%swcou1d
be so]ved.simp1y by in¢reasing the duration of the4fixation or intersaccade
-interva]: The price, however, wbu]d-be a reddéfion in, the rate of visual

Y

information processing.

¢

7THis desi oblem is to some extent overcome by the existence of

inhibitory actions of the transient system on the sustained system. The

208

R




the fo]]qwing sequence of events. An organism is fixating and analyzing a
given spatial pattern. The sustained channels are slowly accuimulating the
( pattern-ihformatioﬁ. Suddenly a novel objegt appears, in the pe;iphery of

M R »
the visua1 field (e g., by moving) The novel object%stimuiates transient

-

neurons, presumably 1n the super10r colliculus, wh1ch command a reorienta-

" tion of head.and eyes so as to fgveate the novel object. The command to
. —_— N . oy,
move the eyes is realized in a saccade. Concomitantly, transient channels

in the’refino-genicd{e;cortica] pathway inhibit sustained channels at
various levels of the visual system and thus help to termipéte the long

integration within sustained channels which wouTd otherwise persist into

. the next fixation’periodf

CIG Implications: ) .
/ . - . . o - , .o
) 1) Perception of -small “detwiled forms requires a substantial period

" of temporal integration. Therefore, sma]f 1evejs of ‘etaf1 that would be,
in the visual fie1d(f09 very short timeﬁperiods'wi11 not be detecteg:end
need not be displayed. ' )

‘“Q%" C2) Transient stimuli that appear iﬁfﬁﬁe 3§;7EFEFY7§§€7hterFUBE4
the processing of foveal vision. - Therefore, it is important to eliminate
. the abrupt appearance of objects in simylator d1sp1ays that are caused by,

-

inappropriate contrast mana;\ment.
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'J
Breitmeyer B- R Love and -B. wepman Contour suppression during
T ostr scop1c mot1on and metacontrast Vision Research, 1974, 14, 1451-

1456.% -
©_Key Words: Masklngi stroboscopjc motion -,

Findings of visual contour masking obtained when two stationary and

1 -~

spatially separated sttmu11 are presented briefly and success1ve1y in time

v

1nd1cate that the contour mask1ng typ1Ca11y observed while viewing a

st1muTus in real movement also occurs while viewing a stimulus in strobo-

scopic movement ' Aﬁd‘t1ona1 results indicate that the loss of detailed
. contour 1nformat1on attend1ng stroboscopic movement may contribute to,

« L) b
though not constitute, the contour suppression effects observed in meta-

contrast. * v .

~

CIG Imp11cat1ons The supprEssion of contours or sharp edges in strobo-

scop1c or rea1 movement implies, that these details need not be presented
o

for objects in motion." If so, tomputing time might be reduced and some

¥ [

of the a11as1ng effects observed fr small levels of deta11 dur1ng motion

: m1ght be attenuated

~ ~
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Caelli, 4., and D. Finldy. Frequenty, “phase, and’ c010r coding in apparent o
motion. Perception,,1979, 8, 59-68. e A

Key Word: Apparent motion

.
t

Results are presented which 1nd1cate that the *known spat1otemoora1 .
11m1ts for apparent motion are consistent with the mot1on be1ng srnuso1daJ

M -~

as a result of filtering. The filter model was 1nvest1gated by determ1n1na
how two such motions interact as a function of their relative tanpora?
_ phase differences. This determination was made‘by inducing two indepen;

dent motions from compleméntary colored event pairs. The resu]ts‘indi-
cated critical phase Timits for perceiving the two motions (red and green)

4

which were consistent,with the frequency specificity of the.Effect. The

results are discussed within the framework of a ff]tering prdcess for the

perception of apparent motion. ‘ '

(16 Implications: The illusion of apparent movement is the.means by which

all simulator displays represent real continhous motion. Estab]ishind‘that

thé apparent motion in*comp]ex CIG scenes,can be described using the filter . -

mode] developed in this Study might prove~useful for determ1n1ng the realism
SR _ {

,“"g » of displayed information as &’funct1on of the update rate. '

. f §
v ) R . A . &




classical paradox of symmetry perception. Some” way® in which the pre-

Fox, J., and J. E. W. Mayhew. Texture discrimination and the analysis of
proximity: Perception, 1979, 8, 75-91.

Key Words: Texture discrimination; Marr theory; Julesz theory

A major theory of early visual processing considers a number of
aspects of visual perception in great detail, ineiuding grouping and .
texture discrimination. New phenomena associated with, texture discrimina-
tion are described and exPeriments reported which allow a pre]iuinary
comparison of this theory, as it applies to texture discrimination, uith
more established theories One experiment produced resu1ts which are clearly
consistent, but the ability of the theory to deal with additiona1 data on
region suppression is not established. The theory of the analysis of ,
proximity re]ations‘proposed by Fox offers a broadly satisfactory accouut
of many texture perception results, while re]ying on the more fundamenta1

theory of primitive v1sua1 processes to deal w1th the remainder A further/

attraction of proximity ana]ysis is that it may shed new light on_the .,

.
~

' Timinary proximity analysis model is incomplete are discussed, and it is

concJuded~that deueiopMent of the model may be profitable for theories of
early visual processing. - I

CIG Implications: This article is re]evant for attempts to add texture to

‘l

simulator dispiays n order to enhance the perception of surfaces “and Sther

&
visua]iforms as & single oéﬁe The theories discussed may prdve useful . _
in the development of a]gorithms for simutated texture that optimize this
Lt . ‘Y ) .
goal. . te — N . —
( v
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Harvey, L.0., Jdr., and M: J. Gervais. Visual texture perception and Fourier
"analysis. Perception and Psychophysics, 1978, 24, 534-542.

" Key Mords: Texture: modulation transfer - . ) {

.

The re]at1onsh1p between the Fourier spectra (represented by four
hypotﬁet1ca] v1sua1 channels sensitive to spatial frequenc1es) and the
.perceptual appearance of the textures was 1nvest1gated. Thirty textures
were synthesized by combining various spatia]lfrEEaeniﬁes of different ™
amp]itudes:‘ Twenty_subiects grouped the textures into two, three, four,

j - 3 »
+ and five groups based on their similarity of appearance. "The groupings were

analyzed by means of tinear discriminant analysis using the.actiwity of the
four channels as predictor variables The'groupings were also examined by
mu1t1d1mens1ona1 sca11ng, and the resulting st1mu1us conf1gurat1on was
canon1ca11y corre]ated with the. channel activity. The resu]ts of both
analyses indicate a strong re]ationship-gftween the perceptual appearance

of the textures and the1r Fourier spgctra. These findings support a-

mu1t1p1e-channe1 spatial-frequency mode] of. perception.

‘ CIG Imp]ications: Over a broad range'of conditions texture QisErimination
and detettion\can be descriped by the output ofqon]y tour bandpaee filters,
sensitive to different regions of the Fourier spectra. These findings offer
a ;impfe Method for selecting textures that will enhance the perceptual’
segregation of'difterent ;urfaces. Furthermore, the visual ;ystem's contrast

. sensitivity function can be used for controlling the appearance of texture

,components as a function of calculated distance. - }\\
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- \\" ‘ ° ( ‘.,
Ku]ikowski, J. J., and D. J. Telhurst Psychophys1caT evidence for
- sustained and transient. detectors” in human v1s1on Journal of!
Physiology, 1973, 232, 149-162. .
Key Words: Transient.response;-sustained/transient detectors

K

The sensitiuity tdftenporally modulated sinuso%dgk'gratihgs was
,determined. Two thresbo]ds cou]d be d1st1ngu1shed for the modulated

gratings° the contrast at wh1ch f11cker could be perce1ved and the
7~ — _>4'
,contrast at wh1ch the spat1a1 structure became d1st1nct The flicker

detect1on thresho]d\and oattern recognition threshold varieu indepen-

dently as functions of the spatial and tempora] freque/cges,,suggest1ng

that the two thresholds represent the act1v1ty of two independent_systems

of channels. T

4 *

4

-

The channels detecting flicker prefer #w and medium spat1a1 fre-

t
quenc1es They have a pronounced decline in sensitivity at low temporal

L v

frequenc1es of stnusoida]rmoduﬁattoh. They réspond‘twice és well to

N . . . i

. i . ; . 3 -

gratings whose phase is alternated repetitively as to gratings turned
. "" |~

on and off at the same rate " The channe]s respons1b1e for the dj

inatjon of spatial structure are most respons1ve at h1gh and medi
" spatial frequenc1es There is no dechne in sens1t‘/1ty~ at 10w tem
frequenc1es These channels respond equally welN. to a]ternat1ng apd
»on/off gratings up to about 8 Hz The temporal’ propertfes as revealeq’
with s1nus01da1 modu]aD1on suggest that the. f11cé;r dstecting channe]s
respons1b1e for analyzing the ;B;t1a1 structure wou]d give\sustaigeé

. responses “Fhe responses of the two types of channe]s to.alterﬁ§t1ng

and on/off gratings chf1nn this suggestion.

. ‘ -
"l N . S
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CIG- ImpTlications: ecause>tréhsient'mechanisms of the visua] system qi‘

7 »

not be stimulele stically by dynam1c s1mu1ator d1sp1ays, p0s1t1ve

transfer will decypéase. Th1s art1c1e g1ves some of the stimulus param-

22 2

2
- eters that norm 1Ty e11c1t a transient response These parameters indi-

<& N .

cate that a11as ng effects may be %ost v1S1bTe when these s1gna1 distor-

v ‘ -

t1ons stimuTate trapsient channe]s of- éhe visual system
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-

. Pantle; A. Adaptat1on to_pattern spatial frequenc effects - on visual
' movement sensitivity in humans. Journal of the gpt1ca1 Soe1ety of
America, 1970, 60, 1120-1126.

Key Words: Detect]on; spatial frequency dependence; visual movement

-

» Human 1uQinance threskolds were measured usind a square-wave test
- N . - N . & )
grating (spatial frequency = 0.38 cycles/deg) moving at different speeds

(from 0:0° to 22°/sec). -A set of gratings of various spatial frequencies
ranging from 0.00 (uniform }ie1d):£hrougﬁ 23 eycdes/deg provided.
different adapting patterns that were viewed pr1or to thresho]d
determ1nat1ons. The pattern of thresho]d e]evat1ons produced by the set
of adapt1ng gratings was different for “different test -grating speeds

These results 1nd1cate that v1sua1 mechan1sms w1th different spat1aT—
\W

frequency-tuning character1st1cs medidte the detect1on of a low- frequenc;\\\\

grat1ng when it is moved at'different speeds Also, results were

“04

obtq1ned'wh1ch suggest that the h1gher-harmon1c components of a 1ow—

frequency grating contribute to its detection when it is moved at

»
- . . . i . -

*slow speeds. . \ -

-

CIG Implications: Adaptation to 'stimulus movement- that is opserved

[
t
under normal viewing conditions may not occur in the s1mu1ator at Tow-
update rates This deficiency may be part1cu1ar1y re1evant to the move-
; ) , ) S .
ment of low spatial frequencies. . ; co Y
) v i -, . ) . >
v ? \
P




- /‘

/ ’ 3

Richards, W., and T. B. Fe%%on Spatial frequency doub11ng retinal or - . ’
central? Vision Research, 1973, 13, 2129-2137. , .. 3

Key Words: Spatiotemporai modulation; image.doubling

f—\\ , \ . " ,
When a field is s1nuso1da11y moduiated both in space and time, .

the spatial frequency of the pattern w1]1 appearrdoub1ed at temporal

,frequenc1es of 30 Hz and above. Th1s paper discusses the poss1b1e
T
, anatomical locus of this phenomenon. N
\ .

CIG Implications: This phenomenon may partiy be thé cause of the image-
]

doub11ng of a str1ng of runway 11ghts that has been observed in some

d1snf“ys u51ig update rates of 30 Hz. Unfortunate]y, Tittle is known

-about the cause of either phenomenon at the present “time. —
o ' q “
;/X e .
[2
¥ )
v 1
E
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Westheimer, G., and S. P. McKee. Perception of temporal order in adjacent -
visual stimuli. Vision Research, 1977, 17, 887-892.

'keX Words: Temporal ordér, spatiotempdral 1nteract1on‘A
»

’

For sing1e short exposurés the tempora] order of appearance of two

e

adJacent stimuli in the human fovea can be correct]y 1dent1f1ed when one

Pl

1s delayed by as little as 3 msec, The thresho]d de]ay is almost unaffected

by the 1ength of the st1mu11 or their relat1v or1entat1on, but depends
critically on their separation, being minimal fin ‘the range 2 to 6 ft. -

. — Ek :
ITTusion of movement is a strong but.not a netessdry condition for detection

K]

of terora1 order. In the conditions showing lowest thresholds, sensitivity
0 o - -

~

? - I .
is less with dichoptous viewing. Unilocular stimuli im opposite directions

-

gan be combineg to yield a stereoscopic appearance. If the neural process-

L3

ing for such fine spaciotemperal comparisons does not occurth the retina,

the results imply that retino;cortica1 transmission of the involved signals

T8 exceedingly crisp and that cortical processing is more delicate if

’

stimuli arise wholly in one eye. . -

CIG Implications: These fine temporal discriminations require update-rates

considerab1y beyond the range of current simulators. ' This fact‘pa(t1y

“explains why the breakup of contours due to a11as1ng_;f SO eas11y detected
A »
Aliasing can produce small and spurious changes in the ‘position of contour .
‘ .. A o
" segments from oRe frame to the next. These changes can produce-distracting

apparent movement that is well within the éensitivity of. the visual system.

v '

»




B. 8 SURFACE DEFINITION
The research dea]s with 1nformat1on that is necessary and/or suffi-

cient for accurate perception of surface orientation, size, and distance, -
and the observerfs relative otign with respect to a surface. The brob}em
is restr1cted to monocu]ar “displays presented on atwo- d1mensiona1 surface.
Research emp]oy1ng dynam1c displays is more relevant™to the topic than 1s
‘research using static displays.” The most prom1s1ng line of research con-
cerns. the effect1venes9 of d1fferent types-of texture grad1ents in per—
ce1v1ng.d1stance, slant, and shape. Another 1mpo:tant %ource of 1nformation
is cast and attached shadow. . ' &
In CIG displays, perceived dastance is often amb1guous For example,
" the 11m1ted ¢ues to distance ava11ab1e 1n a 11m1ted 1nformat1on monocu]ar
._d1sp1ay are often contradicted’ by the presence of f]atness cues. The open
- problem is to determine how the percept1on of obJect sizes operates under
. thése cond1t1ons The size-distance invariance hypothesis, which contends
that perceived" s1ze and perceived dtstance are 1nverse1y re]ated, suggests
-that ambiguity ef d1stance 1gp11es amb1gu1ty of size. | In fact, one inter-
/,pretatlon of this hypotﬁ%s1s holds that the human visual system computes
object sizes after perceived d1stance has been f1xed The available

‘ -
When contours appear in flat surfaces in. CIG displays, deferent

parts of the surface will often appear to be separated in depth. The
' 111us1on 1s sometames strong enough to ‘cause port1ons of the flat surface

research 1nvest1gates this hypothesis.

to appear to be f]oat1ng above the ground The -literature search is con-
- centrated into three areas relevant to this ilJusion: depth adJacency,
figure- ground segregat1on, and chromostereops1s ’
Darkened .areas along the sides of surfaces in CIG displays seem to
be 1nterpreted‘by the visual system as shaded sides of raised surfaces: :
_ For example, if the areas a]ong @ aunway's sides are darkéned the whole

runway appears as an elevated surface. Another misperception of orienta-

tion occurs when the angles formed by surface contours are extremely acute

or obtuse. Instead of appearing flat in these cases, ,thé surface appears-
-to be slanted away. from the frontopara]]e] plane.




. ” o oo

Beverly, K. I., and D. Regan. Evidence for the existence of neural
mechanisms selectively sensitive to the direction of movement in space.
Journal of Physiology, 1973¢ 235, 17-29. .

',-.,

“Key Words: Motion perception; depth percept1on, b1nocu1ar d1spar1ty,

binocular vision .
Subjects viewed an irregu]grly spaced pattern of dots with {te left
eye ‘and ‘a similar pattern with the right eye. The 2° central areas of
éggh pattern were s1nuso1da11y oscillated from side to side.- When the °
left and right patterns were viewed in binocular fusion, the 2° central
area generally appeared to oscij]ate in depth. Altering the relative
amplitudes’ of qfcillation of .tue left and right targetsﬁki.e., 1eft:right
ratio)‘chgnged the direction of the~tine along which the target appeared
to osci]]ate in three-dimensional space. By turning a.loéarithmic control
potentiometer, the subject co‘ul-d vary the absolute amplitude ef the retinal

J )
image movements without altering the left:right ratio. For a given left:

. right ratio, the oscillation amb]itude of retinal disparity was varied

“until the subject wés'jUQt_able to see tﬁe target's oscillations in depth

s

(depth th(eéhold). Depth thresholds Qere determined over the cpmplete
range of left:right ratios. Adapted thresholds were,measured after a 10-
min adaptatien to movement in depth. When the target appears to oscillate

in a direction wide of one eye, the retinal fimage in that eye oscillates

' through a smaller distance than does the image in the other eye, but both

’ , ’

osc111ate in phase. "When the target's direction of motion is directed to
any po1nt between the eyes, the two retinal image positions ‘oscillate in

ant1phase. L ) -

v

L
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. Stimulus were changing, then large excursions in depth immediat

-

The impressions produced by,gazing at a stimulus target were as
fo]]ows. At first the target's osci]]ationd/in depth were large, but they
grew progress1ve1y smaller until after severa] minutes no movement. in
depth was v1s1b1e Although ;gyeral minutes of adaptatdon were necessary
to completely abolish the perception of movement in depth, a marked loss

of sensitivity took p]aée within the first few seconds of adaptation,

especially for near-threshold adapting stimuli. There was a\subjective]y

striking observation: If, after applishing the perception o

depth by sufficient adaptation, the left:right ratio of the adapti
Y became

visible. Only five different curves were needed to describe the \\evations

of threshold for depth movement produced by thirteen different adapting

leftiright’ rat1os The five curves can be summarized in terms of fou\\k

hypothetical sensitivity functions,‘imich could correspond to the neuraf\\

‘mechanisms underlying .visual sensitivity to depth mbvement. These mecha- f\

nisms are tuned to the left:right ratio and might act as detectors of the
direction of motion in three-dimensional space.

CIG Implications: These results strongly support the ex1stence oftdynam1c

b&gocu]ah disparity cues to mot1on in depth which are distinct from static
binocular disparity cues. Binocular disparity has long been held to be an
ineffective cue to depth at far distances, but there is no reason to believe
that dynamic binocular disparity,. as described here, is not.effective at
far.distances. A pilot iq actual, f]ight probably uses dynamic binocu]ah
disparity tb’penceive motion in depth. Of course, dynamic binocular

]

[3
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Artifjcia] depth cues pr

fill the deficit.
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er monocular conditions such as in CIG displays.

ly will need to be providéd in CIG displays to
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Beverly, K. I., and D. Regan. Separable aftereffects of changing-size and
motion-in-depth: different neura] mechanisms? Vision Research, 1979,
727-732,

Key Words: Motion aftereffects; depth perception; motion perception;
* size change

The> fol]ow1ng aftereffects resulted from 1nspect1ng a square whose
vertical edges moved towards each other with a ramping waveform: a stat1c
test;square 1) appeared to be cont1nuous1y expand1ng a]ong the horizontal
d1rect1on, and 2) appeared to be mov1ng in depth Each aftereffect was
quantified by measuring the real rate of size change required to cancel it.

Both aftereffects decayed exponentially, with the motion-in-depth aftereffect

decayin? at a slower rate. Because of the different decay rates, the two
3.

N

aftereffects could be seen separately..

/ In a previous study by the same authors when a square whose vert1caf
and hor1zontaT edges moved towards each other w1th a ramping waveform so that
the ﬁquare changed s1ze but not shape, a statictest square appeared to

mové in depth, but no’changing- s1ze aftereffect resulted., A psychophysical

k mode] was proposed in which un1d1rect1ona1 motion filters feed a chang1ng

s1Ze filter that in turn feeds a mot1on ~in-depth stage. Stated 1n;s1mp1er

tenns feature dectectors in the v1sua1 system sensitive to moving edges

L}

signa] the presence of an object chang1ng in s1ze which resu]ts in a
i

compe111ng impression of mot1on in depth The impression of depth resu]tsL>

!

desp1te the fact that the VJsual st1mu1us could be stat1onary and merely

3

expand]ng or contract1ng itself,

CiG Imp]ications: When a/gIG d1sp]ay is in motion and under observer control,

the- changing size cue can give the observer a compelling 1mpress1on of depth.

*

Not- only can objects take an depth and orientation in three d1mens1ona1 space,
~ .

-223




e
A

but the changing-size cue may also offer a cue to relative velocity of the
observer with respect to surface objects. This dynamic depth cue may‘héﬁp

to compensate for the paucity of static cues to depth in CIG displays.

>
L 3
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Braunstein, M, L. Percept1on ‘of ‘rotation in f1gures with rectangu1ar and
trapezoidal features. Journal of Exper1menta1 Psychology, 1971, 91(1)
25-29, o

»
aKey Words: Perspective; cgptou? angles;. rotation perception
o ~ The figural basis for the effect of perspective changes on the

accuracy of judgments of ‘rotation direction was investigated. In~a'comp1ete
trapezoid, the presence of acu£e ang]e§ on one side-ana obtuse angles on the
other~;; a necessary consequence of, the inequality of tﬁe sides. _In the
Present study, open forms varying in angles of contour convergence and
re]atiqehextent of vertjca] ;on;purs were AthJayed ;n rotation about é;
vertical a%is at five perspective levels. Contour angles .dominated relative
extent of vertical contours as a.mis1eading’cue to direc%ion of rota;ion.
Accuracy, averaged across perspeckivé'1e9;is, was ordered primarily-by angle
ne]ationships. Accuracy'&as greatest for forms containing Yight 5ng1és .

“(even when the vertical coﬁtoqrs weﬁz unequal) and lowest for forms in which
one vertical contqu; was enclosed jn‘acute/ang1es«and the oth?r in obtuse
angles (even.whgh the vertica1’ang1es were equal). The side enb1osed‘byz -
the acute angle tends to appear c]oserﬁthroughOutthe rotatibn, while the '

. side enc]osé; by the obtuse ‘angle 5ppeqrs more distarit.

I Implications: - These results probably can be generalized’ to the case of

s;atié peréeption.of slant, For examp1e, ifra field portrayed as-a quadr1-

, lateral, 1n a CIG display is also rectangu]ar, it will tend to appear to lie
flat on the surface. On the other hand, if the quadrilateral fie]d’contains
acute and, obtuse angles, ‘the sﬁdes comprising the former may appear to extend
from the frontopara]]e] plane/toward the observer, while s1des compr1s1ng
the latter may appear to recede from the op§erver, forming “a depresgion iq_

’

the surface. Therf are two genera] ways to avoid thjs misleading cue to

YT

-~ :
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sTant. The safest method is to use only right angles to define surface

¢ < . -

contours, A second method is to provide vertical cues to é]ant which would

‘ tend to_dominate the m{s]eading éontodr ang]e'cue. For examp]e,.oﬁe could

frame the contours with familiar objects,. such as a road or a row of trees,

4

which would teng(ﬁo anchor the surface area to the ground, ' . ‘=
. , : 3
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Braunstein, M. L., and K. R. Stern. Static .and dynamic factors in the
p??tept1on of rotary mot1on Perception and Psychophysies,, 1980 ‘
27, 313-320. . . -

’ b )

_ Key HWords: S1ant percEpt10n, 1nterpos1t1on, éccu]tat1on,

VF S

. e N

- 1]]usory percept10n

-

Eighteen obaervers menetular]y vielied slides of twelve plane out— ~
line forms through a c1rcu]ar aperture and prov1ded static slant judgments
by adjusting a plywood rectang]e to the perce1ved slant of each of the
forms. Four basic forms were used; all were.subd1v1ded by vertical lines.
One basic form contained a vert;cal'compression gradient by,systematically
altering the spacing between the vertical lines, and a horiagnta] perspec-
tive gradient by employing a trabezoida] shape, The second basic form
emp]oyed a vertical gradient hut not a hqrizehta} gradient (by QEinq a
rectangu]ar shape). The thirdAbasic form .had a horizontal but not a
vertical grad1ent the feurth had ne1ther a hor1zonta] nor a vertical
gradient. <\E1ght additional forms were generated by .overlapping the sub-
parts of the forms such that the 1nterpos1t1on of subparts was e1ther in

°

conflict or compatible with the gradient cues to slant. .

*

Slant judgments were affected significahtiy by both gra;ients and;
interposition and were significant]y Tower for forms eisp]aying conftict;
ing interposition‘anaAvertjca] gradient information thanotor°f6hns not
displaying this conflicting infonnation.

CIG Implications: These results caution’ that when surfaces _are seen at a

slant in CIG d1sp]ays, the presence of false 1nterpos1t1on 1nfonnat1on .-

may create the 1fﬁus1on that the surface is flat (i.e., appearing. in the

. frontoparallel plane). The converse may also occur. This illusion can °

-
¢ \ * e < 3
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: 227 - CoL ..

220 .




ERI

.

Aruitoxt provided by Eic:
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0n1y oceur whea the contours of features on _the surface are over]app1ng

<.

"The e11m1nat1on of apparent overlap of surface features in CIG d1sp1ays

will prevent the occurrence of this type of slant 111us1oh.
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=£rosé Js, and J. Cross. The m1spercept1on of rotary motion. Perception and
Psychophys1cs, 1969 5(2), 94- 96,

. +

Kgx‘WOrds Rotary mot1on, depth percept1on, shadow; linear perspective;

o interposition

Two princip]es (shadow interposition and linear perspective) for

pred1ct1ng the re]at1ve frequency of illusory revérsa]s of rotat1ng p]ane

w

- objects were derived and tested emp1r1ca1]y. Ien obJects were used that’
. ; - .

- variously combined~valid and confounding depth cues. Both rectilinear and
circular objects were used, and they were subdivided into five classes:‘

.1) objects_wjthout confounding depth cuesii?)'objects~with shadow interposif

: tion cues, 3) obJects w1th’]1nc/f perspectdve cues, 4) obiects with shadow _

Y 1nterpos1t1on and perspect1ve es, and 5) obJects in wh1ch shadow 1nter-

' pos1t1on cues were 1ncompat1b]e w1th perspect1ve cues. The st1mu1us obJects
were mounted on a vert1ca1 shaft attached to a. phonograph turntab]e dnd werei

tviewed through 3 c1rcu]ar aperture.“SubJects v1ewed each obJect in rotation

Al

far 1/2 min 'each and pressed a te]egraph key for each apparent change in
xrotat1on direction. Shadowed and/or perspect1ved obJects were more productive

of 111usory reversals than the comparable p]a1n figures, with the comb1nat1on'

$

e of both confound1ng cues produc1ng more 1]1usory reversals than e1ther cue

lone, Perspect1ve alone was’ more product1ve of the illusion than shadowing

-

-ajlone., However when in conflict, shadow 1nterpos1t1on cues seemed to take

-
-

precedence over perspecghve cues,

s
-

P ) ) - ) .
CIG Pmp]icat;o;): The illugion of direction of rotation is intimately re]ated

to migperceived slant. These—resu1ts suggest that in CfG“djsp]ays shading

- cotld interact with interposition to yield misperception of surface orienta-

o [}

.tions. For example, darkened areas along the »contours of runways ‘or ether
L4
objects cou]d result 1n the.- m1spercept1on of a8 raised surface, the darkened
’

! -~
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Aruitoxt provided by Eic:

area being}ﬁbrceived as a connected side of the runway, or surface,” If the
darkened areas appear-along both contours, the“entife surface appears raised

in depth. If the darkened area appears along one contour, the surface

-

appears to be slanted in depth and away from the darkened édge; To avoid
+sﬁq;;s

this j11usiop of orientation, darkened areas should not appear:in CIG d#

B -

along surface contours. ~.
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Degelman, D., and R. R. Rosinski. Texture gradient registration and the

. development~of slant perception. Journal of Experimental Child Psychology,
’ 1976, 21, 339-348. .

Key Words: Texture gradient; slant perception

N . . N\

The perception of sPant was investigated by manipulatdng variability

of texture e]ement size (one measure of texture regu]ar1ty) Subjects at

four age 1eve1s judged the phys1ca1 slant of surfaces w1th three levels of

~

P “texture element size variability. The textured surfaces were composed of

rows of black squares. Successive rows were staggered to reduce linear
- o) v » v

perspective cues. Texture surfaces were identical except that one condi-
. . ,
tion used only one element size (regular texture), and-the.other two condi-

tions used three and five different elemgnt sizes. The generating surface .

was constructed to ho]d textured surfaces at one of five s]ants, these

A

surfaces were monocu]ar]y viewed through an aperture, . .
» N . . : -

It has- been shown that texture grad1ents unamb1guous1y spec1fv ~
absolute s]antagf a surface relative to any arb1trary reference axis.
In the case of 1rregu1ar textures where element size var1es, size aver- )
- aging must be used to d1fferent\ate the gradient. Therefore, one m1ght
expect texture gradient d1fferentuat1on to be more d1ff1cu1t w1th the

°i« ' resu]t that the error»rates for s]ant Judgments of 1rregu1ar surfaces

K Ml

. ' would be larger thah those for regu]ar surfaces. Tﬁe_resu]ts 1nd1cated
¢ [
that texture s1zs,var1ab1?1ty did.not have an effect on absolute error

_— .

at-any age level. Absolute ‘error a]so decreased as the st1mu1us §lant ‘

1ncreased from the frontopara]]e] p]ane

S




C1G Implications: These findings suggest that if ‘regular textures comppsed

¥

of individual unaligned elements are used to énhapce slant perd@ption in
CIG displays (all other things being edual), it is not critical that all

texture elements be the same size--i.e.,-element size may vary over a

»

. surface with no loss in s]aﬁt:perception accuracy. However, whether the

individual squares used iﬁ’this Study provided perspective information is

questionable because qf théir differential shape when at varying orienta-

o

tions. If linear perspective dominates size as a gradient cue to slant,.

Fd

then the null results could be artifactual.

The rélit;onghip between degréé'pf slant and accun@c¥*ihows that

severer slants a

!

simulated landing approabh‘whereﬁ¥exture gradients are the primary cues

e mdrq accurately perceived than Pesser slants. In a

L4 »

to slant, the perception of the runway slant may improve with the :

approach, so that probiems of differentiating runway slant may be

severest-at the beginning of the approach.

© r




Epstein, W.
' Perception and

Two

actors .in the perception of velocity .at a distance.
sychophysics, 1978, 24(2)4

Kéy Words:

Ve]ocity perception, transposition effect

ey

7

105-114, -

-

T

-Six experiments on how the surroufding framework affects perceiwgd

veiooémy of movement were reported

Two computer dispiays wére presented

“
for comparisone..The m0v1ng companent of each disp]ay »Has a circular point

Ve

_—/
of light prOJected onto the back of a trans]gcent monitor screen. Standard
displays were viewed at one of five distances and were a]ways~partia11y
occ]uded by a cardboan frame at one of five dimenSions. The comparison

disp1ay was .always seen at a distance- of 1 m. SubJects were instructed“fa

adjust the velocity of the’ p01nt of light mov1pg across the compariso\n’r ‘ )
displdy to match the velotity of the standard -

In experiment 1, ve]oc1ty setting of the comparison.circie decreased
‘as the frame size dimensions on the standard disp]gy were increased, a

i

" result which rep]icated;Brown's transposition of ve]ocity effect. Brown

' . oo . _ \
.7 _4discovered that if all the 3inear dimensions of a .movement fie]d‘are :
14 nsposed (e. g., doubled), the ve]ocity has to be tiransposed in approx1—

”~ f

"/e}y’the same proportion 1n order to maintain equaiity of perceived

O
0
&
~ hd

* velogity.

1

tained when the standard disp]ay with a_single frame Size Was ‘set at™

dvﬁferent distances.

Experiment 2 demonstrated that constancy of ve]oc1ty was main-

Experiment 3 demonstrated that the frameworks of - .

ot v

movement were not perceived as ‘relative size cues to distance., Experiment

P 4 varied the distthe of the standard display as in experiment 2, but the E

frame Size Was a]so varied such that the frame s angular Size remained

. constant The resuits were conSistent with the idea that ve]ocities of the °
& . 3

dispiays are Judged as equal only when the mOVing targets in the two fieldsl




U M
- f
- [ ~ ] N -
v

traverse the same fraction of their respective retinal fields in the same

. time. Experiments 5 and 6 showed that only the immediately proximate frame

needs to be taken into account in assessing ‘effects on velocity. %

s CIG Implicatiqns: For the"case of moving ebjects within a single frame,“
these results would argue that tge perceived relative velocities of moving .
* objects depend only on the relative rate of retina) image displacement. If ‘
#he monitor frame is'taken to:be the immediately proximate frame in a CIG
display, then objeets which mQve across the screen at faster rates than other ;
. objects wi11’heve gréater perceived velocities, regardless of the presence
of cues to relative distance between the objects. These conclusions, however,
w1]1 not app1y to perception in actual flight, since mon1tor frames will be
absent. The mon1tor frames would be a source of velocity m1spercept1on in
.simu1ated f11ght wh1ch would not occur in actual flight. E11m1nat1ng the
mon1tor frames from view wou]d obviously correct the problem. It is poss1b1e :
.that the’mpn1tor frame will not a]wanybe taken as theHjmmed1ate1y proximatebﬂ

-~

frame.; A mountain may frame a truck which is seen moving .across it, or a

building may frame a‘truck in the same manner.. If the distal velocities are

4 5

equal in the:two cases, the truck will appear to move faster- aga1nst the

bu11q1hg, which is smaller. In s1tuat1ons like this, ve10c1ty pﬁrcebt1on in

L3

the cockhit and the simulator will operate ;1m11ar1y.
A note of caution must Be offered. It is possible that the frame
.

sizes funct1oned as re]at1ve size cues to d1stance in these exper1ments,

. despite the evidence of exper1ment 2. If relative size cues were operat1ve,’

_the conclusion that d1stance cues need not be cohsidered in the perception

of Ve1ocity must be withdrawn. Only further research can decide this issue.




Epstein, W.,and S. Franklin. gohe conditions of the effect of relative size
on perceived relative distance. American Journal of Psychology, 1965, 78,
466-470. ) .

Key Wprds: Relative size; distancé perception

" 1In the absence of other-informatién, a difference Betweeﬁﬂfhe visual
éng1es subtended by two or more objects may be sufficient to prbduce a
perception of depth. “The obﬁects appear to be separated in depth--their
perceived fé]ative distancés correlated %nverse]y with their relative
visual angles; i.e., the object which subtends the largest visual angle
appeafs nearest. These oq§ervations define the well-known distance cue
'ca11ed relative size. ,

Sixty observers viewed pairs of cardboard shdpes onﬂ]uminesceht

panels positioned at equal distances from the observer in an otherwise
.darkened room where tradit%&ha1 cues to distance were reduced. Thé shapes
were gquares or circles, or one of each. vin the first experiment,’ ‘
the size ratio between the ghapes was varied and the absolute size differ-
ence was g;1d constant;‘in the second. experiment, aLso1ute size differenceﬁ
was varie& and size ratio was constant. The observerg'positfoned a marker
on a 20-1in. }u1er.to indicatevghe apparent separation in depth between the
“two shapes, and provided yerbal‘estimqtes of relative distance, ReTative
§ize was an effecti?e cue to relative distance, Size ratib rather than
absolute size difference was the cruci;L measure iﬁ determining the effective-
ness of relative size. Contrary to common belief, similarity of shape was
not necessa?y to the effectiveness of re]atixﬁ size. Relative .size influenced

" relative diiyance judgments when a square was paired with a circle, just as

when the two shapes were similar.
o /

o



© CIG Implications: These results show that re]ati;e sizes of objects should®
. be a strong cue to-the relative distance’s befWéen objeéts in CIG disp]ays,e .
where véridical cues® to distance are at a minimum. This dfstance cue is
' also likely to be very pervasive in CIG displays siqce similarity of shape

is appanentiy not required for cue effectiveness. This cue can often

* -

operate as a misleading cue to distance in CIG displays, when adjacent ! HJ -
objects have different sizes. When size dimensions of objects can be

varied, it would he preferable to use same-sized nearby objects because

the relative size cue would then function as a veridical cue to relative

qistance‘between objects. !

-

& o .
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Farne, M, Br1ghtness as an indicator to distance: re]étive bkightness per
se or tontrast with the background7 Perception, 1977, 6 287-293.

Key Words: Brightness; contrast; d1stance perception -

A black and a white target were displayed, in five different conditions,
on five gray backgrounds having different degrees of brightness (from very
bright to‘vety dark). The resu]tt show that the target having the'higher

contrast with its background is perceived as the nearer. With the off-white

Jbackground, e.g., the black target appears as the nearer to the observer.

These results contradict the we]] known concept that the br1ghter target
should in any case be perceived as the nearer. The re1at19nsh1p with the

common background, rather than between the two isolated targets, is the

indicator to distance.

CIG Implications; These results pose a probleh'for-distance perception in
\ [ / ' $

CIG disp]ays.A For example, two adjacent objects may* have differential

shading to facilitate object discrimination. However, depending on the

A

shading of the1r common baYkground, one object w111 a]ways appear c]oser
than the‘other. D1fferen£§§1 brightnesses may even account for the

occasional illusion thatranvobJect is f1oat1ng~when, in fact, that object

LY

was meant to be anchored to the suyrface. For this reason, adjacent objects

g

having the same 1oca1ization in depth should not be provided with differ-

ential shading i CIGIdisp1ays, unless other consideratiens dictate it.

* S
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Ferris, S. H. Motion parallax and absolute distance. Journal of
Experimental Psychology, 1972, 95(2), 258-263. :

Ke¥ Words: Motion parallax; distance percept13n; Eexture

When a subject's eyes move with respect tb«thg env%ronment or the

environment moves with respect to the subject's eyes: there is-a differen-
t1a1 angular velocity between the line of sight to a fixated object and
~the line of sight to any other obJect in the v;sda] f1e1d‘ If the observer
rotates his head about a vertical axis, obJetts more distant fhan'the fix-
ated object appear to move in the same directidn as the.bead‘movement, at
velocities that depend on the\distances from gke observer. Similarly, -

'objects closer than the fixated object mo{}@vat velocities tha“c depend .on

the1r distances, but in the opposite d1rect1on Th@s cue to distance has

. .
- ~ ~

been termed motion para]]ax i .

“ ¢

Several previous studies established that motion parallax is a use- -

ful source of information for perceivjng~re1at‘ve distance. The accuragy
of estimaﬁing absofute distance based on mondét]ar motion parallax was
determined both beforé aﬁq after specific Er@inipg which consisted of ten
trials of,feedbéck as to correct absolute distan:e. With ﬁhe\usua1 diftance
information e]iminated, subjects held their heads about a vertical axis
while judging the ‘distance of stimuli placed 1 22 to 4.57 m away. Although
distance percept1on was poor before tra1n1ng, head movement produced more
accurate Judgments than did head fixed. After only ten training trials,

{ \
accurate judgments based on motion parallax were obtained. The advantage

of motion parallax was most evident at the far distances.. Results with a

' 238
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white background were as good as with a textured background when sub{i;ti

were giyen direct information about motion parallax. Good results wer

also obtained for motion parallax relative’to a near reference object -

that was 76.2 cm away. The results indicate that motion parallax can
. . 7 : ‘
be useful for absolute distance perception.

CIG Implications: The usefulness of motion parallax as a cue to absolute

distance may be more limited in CIG displays than it was in this study.

Although distance perception by motion parallax was‘very accurate to
distances up to 15 m, it is likely to be a much less salient cue for

air-to-ground distances of surface objects. Previous research has | .

Vi

also shown that mot1on parallax produced by visual field movement alone
is 1ess effective than motion parallax produced by act1ve observer move-
. . ment Moreover the present exper1ment,used motjon para]]ax produced by
the latter, and the only source of motion paral ax in CIG d1sp]ays is the
former. Therefore although we cannot expect absolute distance perception
to be as good in CIG d1sp1ays as it was in § is study, the results ihdicate

that a short per1od of training under redu ed distance-cue cond1t1ons via

239. .
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Gogel, W. C. The organization of perceived space, I. Perceptual
interactions. Psychologische Forschiung, 1973, 36, 195-221.

Key Words: Debth adjacency; equidistance principle; specific distance
fendency; size petcept?ﬁn;'distance perception; slant
perception

The equidistance téndéngy is the tendency for objects or parts of a
¢ ‘objects to appear at the same distance from the observer. The strength
of this tendency is inversely related to the directional separation of
the objects or parts. This effect is most evident when all the &sua]
cues fo distance are removed, and least evident when effective &istance
cues are present. As distance cues are increasing]y removed or weékeged,
the contribution of the equidistancehtendency to distance_percepéion is
increésing]y obvious. If two abjects (for é&amp]e, a disc and rectangle)
.are placed at differeni,distances’from the observer an& no stimulus cues
to thei} distance are given, these objects will usually appear to be at "
the same distance. Because of this appearance, their perceived sizes,
- in agreement with the size-distance variance hypothesis, will bé propor-

tional -to thefr -retinal sizes. Thus, if the diameter of the disc ig

physiéally the same as the width of the rectangle, the ‘perceived d%ameter

of the disc will be twiée-the perceived-width of the rectangle. Experi-
ments have shown the eqﬁidistance téndency.cah reduce perceived relative
“distapce -expected from the r¢1afive size cue, and can even reduce perceived
'depih generated by the very effective cue of binocular disparity.. The

equidistance tendency operates more strongly in CIG disp]ays/péqause

they contaim fewer distancé cues than does the visual world. Thé depth

| ’ ' - 4
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separation of ‘objects that are in c]ose'proximity on the monitor will be

reduced because of this tendency. The relative,retinal sizes of surface
. v ' ' * ! &3 -
objects will also play a larger role in detérmining perceived relative

(////§TZes of those objects. The equij&stance tendency will contribute
f the display. .

§6ca11y to the perceived flatnes

- the equidistance tendency applies to the perceived depth between
parts of objects 3150. When a luminous }rregu1ar1y shapea surface (§lanted
in depthfyith respect.to the frontopa;a11e1 plane of the observer) is p
viewed in the dark without cues t6 distance, it will appear in Eﬁexfronto—
parallel plane as a result of %hé tendency of all parts of thé"surfacé to '
appear equidistant. This may partly éxp]ain why a runway seen at a far
distance in CIG displays .often appears iﬁ the frontoparallel plane in- s,
stead of slanted in depth. Because the texture gradient on the runway \
surface is not easily differehtiated at far distances, the vigib1e'text6re
elements on the runway appear equidistant, resulting in %hg f1at appearance
of the runway. ' !
The tendency for an object to appear qtia particular constant dis-

. ) . .. . e ps .
tance whenever cues to distance are eliminated is called the specific dis-

tance tendency. 'In the absénce of distance cues, objects will tend to

. appear at a near distance from the observer (approximately 2 or 3 m)._

Again, the specific distance tendency will have a modifying effecf even

when distance cue ,are present. Direct evidence for the specific dis-

—

s found in experiments in which a monbculariy observed

. -

tance tendency

Tuminous rictangle was presented dbove the floor of:a long visu%1 alley.

VAR B



v

o T T
~As a consequence of thé more distant portions of tﬁeia]]ey béing direF-
tiogéi1y closer to the rectangl® thanvare\the ﬁearérvbSrtions, the equidis-
tance tendency resulted in the rectangle appearing, toward the backsof
the éﬁ]ey. ﬁo]]owing the simultaneous presentatton ;¥ the a]]gy and
rectangle, the lights in'¢he'a11ey were turned off'ter1imiqate the »
equidistance tendency and the rectang1e-was the.only.visible object.

When presented to the same opservers who had prev?qus?y séen the rec-
fang1é and-the alley together, the nsctaég]e appeared at a nearer dis-
tance than it had previous]yl Also, the cﬁahgé in the apparent distaﬁce !
of the rectang1e; from the distant position %h the alley to“g.nearer posi- 4§§

- ®

tion when presented in the dark, usually resulted in a.decrease in its %

4 s o ) *
perceived size in agreement with the size-distance-invariance hypothesis .
(but ih disagreement. with common sense). - ‘:>

CIG ImpTications: It follows that thé'tendéncy for the rectangle to appear

at a near distance with the alley absent was a perceptual effect’ and not

merely a "best bet" response to inadeduate distance information. ‘It also 4
seems that this tendeﬁcy tan modify perceivéa’distqﬁaé in the presence of

weak cues to distance. Again, thg'specific di§tanéé féndeng& Qi[] operate

more strongly in CIG displays than in the ;éai world. . When information

for distance is éota11y ambjguéﬁs in the display, *objects wi]]ntend to ;*”

appear at a near distance, and their-sizes will appear éma]]ef than they

will when distance iq?ormation is not ambiguous. SR . :

.
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. It cannot be «concluded that - d1stance\§mh;§£;ty'in'CIG displays
will cause objects to appear localized at 2 or from the 6Bserver
r
Such a percept1on wou1d v1o1ate the observer's firm knowledge that the

surface objects are being portrayed at greater distances. Instead the

*’spec1f1c distance tendency w111gtrade off with assumed distance, and

.%erceived distance and%gize will represent a compromise between the two

tendencies. Even when«distance cues are not ambiguous, the specifia

I'd

distance tendency will gave a modifying effect, reducing perceived size

and distance. The equidistance and specific distance tendencies cannot

be eliminated sirice they are observer effects?”but their strength in CIG

v

displays and in the everyday visual world can be equated by upgrading

&
distance 1nfonnat1on in CIG d1sp1ays to a level comparable to that found

a

~in the visual world.
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Gruber, H. E., and W. C. Clark. Perception of slanted surfaces.
Perceptual and Motor Skills, 1956, 6, 97-106.
|2

Key Words: Texture gradient; slant perception T :
- : ) : \ . )

"&%

College students observed a pﬁysica1'§fimu1us thfough an aperture

at one of three orientations and at each of four distances. The Stimu];;

surfaces were composed of wh1te dots 1rregu1ar1y distributed on a black

background. The d1ameters of the dots gvere 3 or, 6\mm the mean distances 2

between -centers were 8 or 16 mm. Thus, t q(e were four surfaces wh1ch

-

4 @
may be described as follows: large dots--coarse, large dots—-f1ne, Sma11

dots--coarse, and small dots--fine. Observers were required to adjust a

e

;\ comparison rod until it appeared to be at the same slant as the stimulus

.

. surface. ° .

’ oA
The résults concerning the texture variables were- consistent across

all viewfng distances and seemed to indicate an,interaction between unit

[

* size and unit density. Of the textures composed of large units, the

- . coarser texture cdnsistent1y produced the more veridical impressions’ of
slant -t each distance of observation. Of the textures composed of small .

units, the reverse was true; the finer texture;consistent1y produced the

more veridical impressions.
In a second experiment, unit s1ze was held “constant while unit

distance was varied. Perceived slant was a U-shaped function ‘'of the

prOX1m1ty of texture un1ts with tha intermediate texture resulting in

¢ Y

the most ver1d1ca1 slant Judgments The results of both exper1men£s

.

p are consistent with the idea that, for a given pattern of éradfents

7

o
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of texture density, there.is a family of inverted U-shaped curves relating

"‘perce{ved slant to proximity of the text‘re units that contains a different
Q . . Tg"

) curve for each size of* texture unit. To produce a differentiable texture

grad1ent the texture elements must- be far enough apart not to appear fused.

If too far apart, they will S1mp1y be seen as separate perceptua] figures
on @4 homogeneous, untextured ground. The opt1ma1 spac1ng w111 depend on

unit si;e. , _ B °.

CIG Imb]ications: If the above analysis is correct, the optimal si;e of .

texture elements for random textures employed in a CIG display will be

?etermined by the packing density of texture elements on the surfaces.

«
= -

Conversely, if the element size is, given, there is a unique density of

-elements that will optimize slant perception. It is not possibfe to

specify a unique optimal texture element size and density, since these -7

two variables interact with each other. It is, of course, possible that

'the set of optimal texture efement sizes and’ densities will not résult

in the best transfer of training if these textures are not representative

of textured surfaces seen from an aerial view. - . .

X . o
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Hess, E. H. Shadows and depth perception: Scientific American, 1961, 204,
- 138-148, c , . ) .

-
-

L4

Key Words: Shadow; dept#‘percept%on
Observers viewed thitough ah‘éEEvturé a picture ot\f}égstones set in a

bed of mortar and decided whether the stohes appea/pd to protrude from or

recede 1nto;the mortar. The picture tould be, rota&e/ to any ang]e. when

the p1cture was presented to the observer in any of several positions-up

to 90° to~the left or r1ght of@?gﬁt,‘ the iTlusion of relief occurred.

If the p1cture was presented in Wsitions -that were beyond 90° to the 1eft

P ¥

or r1ght of upr1ght most observewss saw the stones recede .into the mortar. ~7
¢

Most subJects assumed the p1cture was illuminated from above, . a]though

-

1n rea11ty it was 111um1nated ‘from be]ow‘ Their assumptions regarding
the 1ocat1on of the 11ght source were consistent w1th the1r Judgments of

apparent depth, In everyday exper1ence,,objects are ordinarily illuminated
from above, and people learn to use the information provided by light and

kshadow to determ1ne whether a surface is curved toward or. away from them,
A bu]ge in a surface usua]]y casts a shadbw below -it, whereas a depression

in a, surface usua]]y has a shadow inside its uppet edge. ‘When. these

°

4
re]at1onsh1ps are reversed, depressions appear as ra1sed surfaces and ra1s§d

-

surfaces appear as depressions. X

L4
-

CIG Jmp11cat1ons. The power of attached shadow as a cue to depth is evident

from the stone-in-mortar experiment If shadow infaormation is not p;rov1'ded.4\s

& o A

in a CIG d1sp1ay, observers w111 not have the information needed togierce1ve

a curved surface as- a hill op/a va]]ey, unless the out11ne can be S
against the clear sky %’Obv us]y th1s is a serioys def1c1t [f shadow
information were provifled in CIG displays, observers could beztrained to

S ' 246 - /ﬁ




*
use’ théir knowledge of the location of the Tight sourcg and attached shadow
~—_ - . , E 4

information to differentiate hills and yalléys. This training wou]d'traqéfer \
- to an actual flight situation. = - e : -

°
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Higashiyama, A. Perceived size and distance as a perceptual conflict
between two processing modes. Perception and Psychophysics, 1977
. 22(2),°206-211. C

Key Words: Size percept1on, d1stance percept1on, binocular percept1on,:
monocu1ar perception; re1at1ve size cue T
. Three d1fferent1y sized squares made by cutting openings in pieces

1of cardboard and 111um1nated from behind were succé§§’ve1y presented at
:the same physical d1st@hce under three observational conditions. The 160
observers viewed the squares binocularly and monocu1ar1j in a darkened
visual alley, and binocujar]y in a fully i11umihated alley havinb a floor
that was a laterally striped pattern-of red and whjte.%ebtahgies. Observers
gave verbal absolute judgments of perceived size and perceived distance for
each'of the squares in‘a11 three observational conditions. The results
“showed that in the fu11:cu; binocular view%ng condition, a ratio of per-

ceived absolute sizes!is equal to that of the corresponding visual anglés,

.with perce1ved d1stances appear1ng equa] to each other ln the reduced -Cue

N ¢ -

monocu]ar ulew1ng condgt1on, an object of sma]]er perce1ved size 1s Judged
as farther away than one of larger perce1ved size, with the observers
tending to assume that‘the two- objects are the same object or are identi-
Ca11y'si2éd " The binocular v1ew1ng cond1t1on in the darkened visual alley

produced results 1ntermed1ate to the other two conditions.

1
-q

CIG Imp11cat10ns. The results indicate that in CIG d1sp1ays, where distthe_

cues are reduéed compared to natural.viéwing conditions; the relative size
cue wi]] tend to dominate- relative distance perception. In actual flight,

wh1ch is a fu11 -cue s1tuat1on, re]at1Ve s1ze may not function as an im-
-

x portant cue ‘to d1stance It is not'known whether these differences w111

‘o g

7/
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be a source of negative ‘transfer of training. The results also indicate

‘that when cues to distance are ambiguous in CIG displays, observers may

‘tend to perceive similarly $haped objects as identically sized. "
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*  Hochberg, J. Perception, I. Color and shape In J. W. Kling amdet= A, °*
Riggs (eds.), Woodworth and Schlosberg's experimental psychology,
Vol. 1: Sensat1on and perception, New York: Holt, Rinehart, and
Winston, 1972. .

Key Word: Figure-groﬁnd organizﬁtion
When a-scene is organized into figure and.ground, the f{gure has . [

shape but tﬁe ground is relatively shapeless. The figure usua]]y tends to

appear in front and the ground seems to extend behind the f1gure s edge.

-Many factors determine how figures are recognized and, of the two areas,,

wh1ch will be the figure and which will be the ground. If many distinct

.elements appear in the same plane, e]emepts near each opher readily group

to form contours,‘an effect knoWn as the proximity cue.l If regular tex- 3
» tures are used to define flat surfaces ir CIG disp]ays, thé texture ele- |

ments will not be subject‘to this figure cue. "If random textures are used

over a flat surface, e]ements which are. surrept1t1ously proximate will be

organized as figures, resulting in a perceived rough surface with protrud-

ing areas. As a closed région is made smaller, it ‘tends more strongly to _

be seen as a .figure. Thus, as random textures 1ncrease in density and/or

v1ew1ng distance, furthef figure-ground segregation becomes prébable, and °

the surface'will appear even less f{ap. In at ]east some kinqs of patterns,

N \ N
alignment with the main axés of space (horizontal and vertical) seems to
8 | .

determine fjgure perception. Obliquely aligned pétterns are ]ess‘]%ke]y
to be seen as figures. Patterns which have ﬁood continuation, i.e., whicﬁ‘ag
are not broken and discontinuous, are also more likely to be séen as

figures. These two latter cues apply to regular textures. When seen at

most orientations, texture elements will tend to align obliquely or will

¥ L1
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misa]igﬁ with little continuation. Urder these ‘conditions the surface will

appear flat. When seen if select orientations, the texture elements will
. 4

align along the major axes.. and figure-ground segregation will occlir.

~ \
ClG Implications- In CIG d1sp1ays,*whe?e orientation to surfaces is in

flux, the perception of f1gures over regular textured surfaces will wax .
and wane as a funct1on of orientation. Regiqns that are marked off by
- .clésedgﬁontours tend to be séen as a figure more than do those Qith open
or incomp]éte coﬁtohrs. It is possibie that the individual texture ele-
ments will be perce1ved as figures protrud1ng from the ground if the
elements have closed contours. ~Because elements tend to form grodbs ac-
cording to their lightnesses, .if texture elements appearing over a surface
a}e of the same lightness, the surface is more likely to gpp;ar flat than
if the £exture elements vary in lightness. Finally, elements that move
s1mu1taneous]y in the same‘d1rect1on tend to_form a single group. In CIG °
- displays where surfaces are constant]y in motion, the simultaneous movement
qf texture e]ements over a surface in a single directiofi will tend to

counterqgt thé cues to figure segregation which may be pregent, thus .

enhancing the perceived flatness of the surface. . ‘

251
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Ho]mberd, L. The influence of color vision dimensions, on the perception
of distance. Psychological Research Bulletin, 1972, 12(6), 1- 11

Key Words: Bnightﬁess; saturation; hue; color; distance perception

A gray disc was moved on a track parallel to the subject's line of

vision until its distance appeared equal to that of a fixed color p]até,at

a distance of 1 m. Twelve color p]atés Were:used, representing all combi-
nations of three hiles (red, green, and blue), two saturations, and two
1ightnessesl A reliability measure was used to screen But subjects with
less consistent performance in repeated measupements.. {here were no
significant effects from hue. Colors with high 1ightness,were seen as
c]éser than those of low lightness. Colors with low saturation were seen

-

as more distant than tho§e with high saturation.

o

CIG Imp11cat1ons The main effect of saturation is. a laboratory equivalent

to the well- known effect of: aer1a1 perspect1ve or atmospheric attenu3t1on
\In the real world, more d1stant objects appear Tess ‘saturated than do near

objects. In CIG displays, saturation of objects should be a decreasing

-

function of distance. If all objects in the display are equally saturated,

the distances of far objects are likely to be underestimated relative to

the real world.

<4 .




Levine; N. P., and R. R. Rosinski. Distance perception under binocular
"and monocular viewing conditions. Perception and Psychophysics,
1976, 19(5), 460-465. ' : .

Key Words: Texture grad1ent distance percept1on, monocular
and b1nocu1ar vision

H s

College adults and children in the f1rst third, and fifth grades
judged the absolute distance of a sma]] 1rregu1ar wh1te target outlined
in black in a b1nocu1ar condition and in one of .three monocular conditions:
no tefture, compression gradient consisting of alternating black and white
horizontal stribes, and multiple gradienf. The*miltiple gradients con- _"
sisted of compression, perspective (created by adding vertical stripes
that converged at the horizon), Ei;e (relative change in solid angle or

area), and-density (re]ative chenge in number of elements per constant

angular_extent). ' Targets appeared at one of six distances from-the

nearest reference stripe, rang1ng from 20 to 120 cm. Accuracy of d1s- h

tance judgments did not differ s1gn1f1cant]y between..the multiple gradient

and binocu]ar'eondit%ons. Both resu]fed {n significantly more accurate

distance judgmerts than did the EOmpression gradient information, even

though'the latter if geometrically equiyalent to the other cues present ) «
in the mdltiple gradient condition. The absence of texture information '

caused the poorest performance, 1nd1cat1ng that relative height in %ﬂe ‘

visual field is ineffective as a cue to absolute d1stance

CIG Implicatiofs: These results demonstrate the importance of pegular

texture gradients in providing cues to absolute distance in mdqocu]ar

visual displays such as those ueed for CIG. Although a compression

253
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gradient consisting qn]y of parallel lines is not effective as a gradient
cue to absolute distance, the addition of converging lines to-indicate
linear perspective<make; distance perception in a monocular viewing
situation as effective a§ that in binocular viewing. However, since

converging lines rarely appear in naturalistic environments (with the

notable exception of runways), it is possible that training on these

\ gradient cues may not result in effective transfer to a binocular

-

situation. C ' -
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Hershon D. H., and W. C. Gogel. Failure of familiar size to ﬁetermine
a metr1c for visually perceived distance. Perception and Ps chophysics,_
1975, 17(1), 101-106. :

-Key Words: Familiar size; distance percept{on
. ®
e . .
Using one's knowledge of -the familiar sizes of objects to determine

the apparent distances of those objects is known as the familiar size cue
to distance. 1If effective, this cue might be one of the factors respon-

sible for supplying the.metri® (scalar) characteristics of perceptions of

spa(ialﬂextent within a visual display that reduces other information

concernﬁng,sca1ar extents fo a mihimum. Subjects monocularly observed
through an aperture a rectangu]ar roomlwith;a checkerboard floor and &
white far wall that had two black sqdare windows. Each window contained

a transparency of either a postage stamp or a co]]ege cata]og The familiar
. obJects ‘were both of .the same kind, and were of the same angu]ar, but dit-
ferent assumed sizes. The two objects'in each Windqw_were_shown at either
the same or an unequa] d1stanCe from the observer. Judéments of object
size, relative depth of,the two' objects, and absolute distance of the far
wall were taken. If familiar size of the objects ‘determined the metr1c of
the room, the room should have been perceived to be about six t1mes as large
when the catalogs, rather than the stamps were presented in the window.

- Clearly, rather than a change of this magnitude, little, 1f any scalar
Change dccurred when the different familiar objects were used.

CIG Implications: These ‘results clearly demonstrate that the presence of

a familiar object in a CIG display will not tend to estab11sh a metric

whereby the absolute d1stances of unfam111ar objects present in

255
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the CIG disp1ay can be determined. Rather, it seems that the familiar

objects will have no effect on the apparent distances of the other objects.

This result is disappointing because in CIG displays, where cues to absolute

distance are at a minimum, the. inclusion of familiar object§ apparently will’

©

3

not improve the ambiguity of absolute distances of surface features.

..
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Newman, C. V. Familiar and relative size cues and surface texture as *
determinants of relative distance judgments. Journal of Experimental

sxcho]og » 1972, 96(1), 37-42.

Egznwords: Texture grad1ent fam111ar and’ re]at1ve size;

distance percegtlgg___ \ g

4
-

) A series of exper1ments showed that fam111ar and relative size cues
to distance, e1ther separate1y or in c0mb1nat1on, influenced relative dis-
tance Judgments in which the-subject attempted to pos1t1on one obJect mid-
way between two others. The two objects were ﬁﬁaced at d1fferent physical

”/’dﬁstances from the subject on a p1a1n white surface. The subjects viewed %

the objects through an ape nder reduced, mohocu1ar conditions. In

M

“the third and fourth experiment
. " {

compression texture gradient consisting
and\white stripes was used. In a previous

©f alternating horizontal blac

;>

study using an identical apparatus,\this- type of texture gradient was found

‘..

to influence relative distance Judgments. In the present.study, relative

T

size cues were found to influence bisection Jjudgments ;- despite the-fact - -

that’ texture provides clear information about the objective position of

the midpoint and is Known to independently influence relative distance

] . ..

Jjudgments. However, when familiar and re1atité size cues were held

. constant, relative distance judgments were influenced by variations

in surface textyre. .

: . Lt .
.CIG Implications: A static monocular texture gradient is an ambiguous

stimulus corresponding to a family of tridimensional arrangements of

-

surface slant and spacing of the texture elements. Until this ambjguity

Vi
is removed the subJect must make assumptions abdlt texture spac1ng and

slant. The present resu]ts show that other cues to d1stance, such as

\ . | u — . o . . .
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relative size and familiar size, can alter the assumptions made about
textu;e gradients. They also confirm that-;lstatic monocular texture
density grédient cannot.unequivoéé11y detenn%ﬁﬁj}ETative distance.

If a texturé gradient of_paraf]e] horiiontiﬁ lines is used in a
CIG display to convey.relative distance information, it should be‘%upp1e-

mented with ther distance cues to remove ambiguity. One method would be

Toe

to include many familiar objects such as buildings, roads, and automobiles

in the world model. The inclusion of many identically shaped objects with

identical dista] dimensions at different locations would make the relative

. .Size cue effective.

These findings canhbt be generalized to other static monocular gra-

[

dients, such as perspective gradients (éonverging Tines), or to dyﬁamic
\ -
.monocular ‘gradients which appear in CIG displays and may more unambig-

uously define relative dMNetance. ot

‘-’
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Newman, C. V., E..A. wh1nham and A. W. MacRae. The 1qi1uence of texture
on Judgments of slant and relative distance in a picture with suggested
7~ depth. Perception and Psychophysics, 1973, 14(2), 280-284. A\

Key Words: ,Textu:e gradient; slant perception; distance perception

L]

Six surfaces from natural environments with different visual tex-

turés weré’photographed at three d1fferent or1entat1ons Beach pebbles,

&«9

a concrete aggregate and a grass lawn were exemplars of 1rregu1ar texture; .
paving stones, a brick wall, and “tiles represented regular texture. Sub—
_ jects viewed slides of the surfaces and then ‘made s]ant and d1stance ' o
bisection Judgments of the'stimuli. When making relative distance judg—”
ments, subJects were not perm1tted to count. the number of rows of texture
elements. '
. . . "
The regular and irregular textured surfaces yielded significantly
) different slant and relative distance‘judgments?,wfth regufar,textures - /////
Bejng judged-more veridically, espeedally at representations'of greater B v f
slant. With all surface texturesg increases in angles of represented
~ slant gave significantly- greater 1mpreSS1ons of slant and depth For
slant Judgments, re]at1ve distances and dngle of represented s]ant were °
cons1stent1y underestimated. ' R ’ﬂ
The fact that regular textures were superior to irregu]ar textures
with regard to slant and distance pb{cept1on was probably due to the rec-
tangularity of element shape and perspective gradients present only on
regu]ar textured surfaces. For slant and d1stancelJudgments, variations

“

in linear perspect1ve and element size&between the regular textured sur- - -

- . s v

faces had no effects Within the group of irregular textured surfaces,

. ¥
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5 .
slant judgments increased significantly as element size decreased.

Relative distance ﬁudgments followed a similar but Tess consistent pattern.
glg;lf%jiggtions: We should be careful in applying the results from eco-

' 1ogiCa11y'v§1id surface-textures to artificidlly constructed surface tex-
tures used in‘CIG displays. This study contains’ potent1a11y confound1ng

o £

var1ab1es such as- br1ghtness, saturation, and shadow; but s1nce they were

present in each stimulus cond1tion it is reasonable to suppose that regular
textures will y1e]d better s]ant and re1at1ve distance percept1on than will

1rregu1ar textures in CIG displays. This conc]us1on is consistent with

previous research. For CIG disp]eys, regular textures should also be
preferred to irregular texturesubecause they do not cause the annoying

effect of element size on slant and distance judgments. Since regu]az‘

textures occur less frequently. than irregular textures do in the everyday

‘visual world, they may lead to less effective transfer of training.
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Oyama, T. Perleived size and perce1ved d1stance in stereoscopic V1s1gndﬂhn A

an analysis of their causal relations. Percept1on and Psychophys1cs, .
1974, 16(1), 175-181." o« _ ' .

Key Words: * Convergence; v1sua1 angle; familiar size; djstance percep fon;” © -
§ize perception; size-distance 1nvar1ance, stereoscopic vi ion,
Effects of visual angle and convergence upon the»perce1ved sizes ,
& i . 4
- and perceived distances 6f a familiar obJect {playing card ?nd a non-

representational object (blank wh1te card) were investigated. Pairs of

I

posTtive colored photographic transparencies of a p}ay1ng card and blank -

white card were stereoscopically presented by two projectors with polar-

‘izing filters on a daylight screenh]ocated at one end of a.dark visual /N\ .

alley. At the other end of the-alley was a funnel-shaped viewing 'hood = . . A
and an observation window. AgggmmGG;tion was -kept constant; convergence

was varied by lateral, displacement of oné of the pnbjec;ed images. Six L

ebservers provided_judgments of perceived height and perceived distance -

in centimefers after obtaining good stereoscopic fusion of each stimulus.

The results indicated thayl size estimates increased nearly propor- .’

/ . N . - .
tionally as the visual ang¥e ip€reased, and decreased nearly linearly as

e

t-hwvergence increased. - Distange estimates decreased.n‘ear]y linearly as
either the visua]/ang]e or the convergence”iﬁéreased The ratio of the T

size est1mate to the d1stance estimate for a given v1sua1 angle was almost

constant 1rrespect1ve of convergenie In this sense, the.s1ze-d1stance

1nvar1ance hypothesgg he]d‘ No clear effect of fam111ar1ty was found

~

. Part1a] corre]aé!'ns were used to d1scr1m1nate direct and indirect causa]

re]at1onsh1ps between the stimulus va;1ab]es and perceptua] est1mates

A -

Both perce1ved size and perce1veq/glstance.were found” to be determined

L ! N
. ) , | 261 e 3 o
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. CIG Implications:

“not follow thatrif either perceived size or distance of an'object is .

dihect1y by the two stimulus variables, but to be mutﬁa]]y{re1ated only
indirectly.

that perceived distance is calculated directly from perceived size nor the

case that perceived size is calculated directly from perceived distance,.at

»

. Y | . It '
least with respect to the cues of converdence and visual angle.

For CIG displays, it is erroneous to assume that,the

size of objects is given ' directly once perceiVed distance ‘s estqh]ished.x
v - -
Ne1ther can it be assumed that if the size of obJects is known perceived
A Y
obJect d1stance is determined. ’ Rather, the perce1ved sizes ¢ and d1stances

of obJects in CIG displays are distinct matters 'and thus must’be con-

0

This interpretation “has a two-edged blade: it does

sidered sepazgte1y.

- .

unamb1guous,*§he other is also unambiguous. It may be the case, for

exampie, that the dJstancedof an object is ambiguous while the size of

the sapie obJect 16 c]ear and unambiguous.

The causal analysis shows cTearly that it.is neither the case -

[ 4
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A

. circles viewed at d1fferent s]ant angles.

orthogona]]y to yield the eight st1mu]us pictures, and eachspicture

»

Key Words:

Philklips, R. J. Stationary visual texture and the est1mat1on of slant
angle. Quarterly Journal of Exper1menta] Psych01ogy, 1970, 22, -
389-397. : ¢

Texture gradient; slant perception

»
\

-Eight.pictures of slanting surfaces were constructed with the aid -

of a computer.

These cons1sted only of texture e]ements, in this case e

outline circles and ellipses.

The computer, program generated pin-hoJe -

Therefore,

camera perspective Mctures of a plane of randomly d1str1buted equal .

Three factors were var1ed

was drawn at one of two levels of Gaussian no1se The size and shape

of the eJ]1pses were .calculated to indicate a s]ant of 70° or 45°; the.
density distribdtion of the ellipses was a]so calculated™o indicate a-

slant of 70° or 45°. Thus, for half.of the pictures, size and density

gradients specified a common slant; for the other ha]f size and density
. 4"!‘

gradients were in conflict.. Subjects studied all poss1b]e pairs of the

eight p1ctures and 1nd1cated wh1ch had the greater tilt. Both size and

dénsity grad1ents weresfound to affect tilt Judgments, however when the ' /

v, &

two grad1ents were placed in conf]1ct a s1gn1f1cant preference was found
for the greater slant as detemined’ by the shape and §ize .gradient cue .

the shape and size gradient cue dominated the dens1ty grad1ent

N

guev. R ) . f’ N *

. . . 4 ’ . /
CIG Implication's: tf vandom textures composed of distinct elements are
[ ' ’

used-in a CIG display,

elements should be portrayed at, d1fferent1a] sizes

°
which cortrespond to the grad1ent appropr1ate to the slant at wh1ch the |

-

—




\ ) )

surface is seen. Th1s type of random texture should yield more accurate

-~ e

slant percept1on than would a random texture of equal-sized elements wh1ch
. P

conta1ns only de s1ty grad1ent 1nfonnat1on‘* In addition, .a size and shape

M .

grad1ent of. random texture elements more c]ose]y approximates natura]

viewing conditions, so that greater transfer of tra1n1ng can be expected
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. and disténce.

-

te

Rogers, B., and M. Graham.
depth perception.

Motion parallax as an independent cue for

Perception, 1979, 8, 125-134.

Motdon parallax; depth perception

2

x Words:

The perspect1ve transformations of the retinal 1mage produced by

either the movement of an observer or the movement of objects in the

“visqgl world, were found to produce a reliable, consistent, and unambigudus

L] . . ! .
impression of relative depth in the absence of all other cues to depth

A1 observers also correctly identified all 12 three-.

®

- .
dimensiongT forms of theigtimulus patterns specified by the perspective

&

transformatfons. " The stimulus displays consisted of computer-generated -

.

] random dot patterns that could be transformed by each movement of the

N

‘observer or the d1sp1ay oscilloscope’to simulate the relative movement

information produced by a three- dimensiona] surface Us1ng a stereoscopic

matdh1ng task, the second -experiment showed that the perceived depth from
qgga]]ax transformat1ons closely agrees with, the degree of re]at1ve image
d1sp1acement, and also produces a compelling_impression of three-

dimensionality not un]ike that found with random-dot stereograms. Se]f;/

produced movemth also resulted’in greater impressions of depth than did

»

. externally produced parallax.

CIG Iméﬁications' Much previous research regardﬁng*tﬁegeffect1veness of

motion para]lax is equ1voca1Jor even contrad1ctory to the results of the
present 1qyest1gat1on On the whole'it seems that the clearest ev1dence
for the-effect1veness of motion parallax comes from those studies which

have used'complex or information-rich displays.

.

e
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From these results it appears that motion parallax can function

.,

- effectively to give reljable, unambiguous, and compelling impressions of

~

: depth in the surface features of CIG displays.
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3 O

. Rosinski, R. R., and N. P. Levine. Texture gradient effectiveness in

the perception of surface slant. Journal of Experimental Child

Psychology, 1976, 22, 261-271. .
Key Words: Texture gradient; slant perception ) .
[ To assess the relative effectiveness of dffferent sources of infor-

mation, co11eée adults and chdldren in the first, third, and fifth gfades

-were asked to judge surface slant on the basis of monocular texture gradient

information. Three types of stimuli were employed: one providing oy com-
pression gradient information (relative chahge in angular height); one pro-
viding\on1y perspective gradient information (re]qtive change in angular
width); and one pfoviding compression, perspective, size (relative change

in solid aﬁg]e or area),_andcdensity (relative change in number of texture
elements per coﬁstant angular extent) gr;dient information. 'The stimuli
were generated by the technique of polar projection Shadow cas}ing. A

point source was projec{e& through a transparént generat}ng éurfate which
could be set at different slants. The shadows were cast onto a frosted
screen. . Compression gradients were created by placing a.ho;iznnta11y

étriped piecé of plexiglas over the generating surface; perspective

gradients were created similarly with vertical stripes. A1l four gra-
o

dient types are\mathematica11y equivalent, but may be differentially ~ . .

-

effective in perception. Each group of subjects made slant judgments -
for only one of the stimulus conditions and viewed the. textured surfaces
at each of five slants thfough an aperture in a monocular viewing situqtion:

Absolute errors in the compression gradient condition were signif-"

icantly greater than those in the perspective or multiple gradient condi-

tions: Accuracy in tHE"berspective and mu]tid‘é gradient conditions did . Y,
' 267
R z




. - -9
not differ significantly. Mean correlations between physical and judged
slant for the stimulus condition's multipie gradients, perspective, and

compression were 0.81, 0.72, and 0.28, respectively.

CIG Imp1icat{on§: These findings show that a gradient consisting of hori-

zontal Tines alone is an ineffecfiye cue to slant. 'Moreover, horizontal
lines do not enhance s]anffberception when converging vertical lines are
present. The results indicate that 1f'a regular texture gradfent is used
to facilitate slant perception in a monocular visual display, eonverging
vertical 1inés are sufficient. However, it may be that training on this

gradient cue will not Tead to effective transfer in a naturalistic situa-

tion where regular texture gradients are scarce.

"‘ M .




Sedgwick, A. The visible horizon: a potential source of visual informa-
tion for the perception of size awd distance. Dissertation Abstracts
International, 1973, 34(3-8), 1307-1302. ~

Key Words: Sjze perception; distance perception; horizon

‘The visible horizon of ‘the terrain is“mathematically analyzed as a
. i ‘. ) . ~ hd

potential source of information for the perception of size and distance.
It is shown that for an object standing on a flat ground surface df suf-
ficiently great extent, the_neight of the object relative to the height |
of the point of observation is c]ose]y-approximated by the ‘ratio of the
visual angle subtended verticaiiy between the base of the object and the
plane of the hd\izon .It is also shown that when the ground surface is of

less than 1nﬁnnite extent, the use of this, 51mp1e horizon ratio relation

wirll produce an increasing ‘overestimation of size with increasing distance,

It i§ shown that the horizon provides a visual reference line against
wnich the absolute sizes of objects are specified during parallax arising
from motion or binocularity. |

Observers were required to cncose from a series of pictures of

pairs of rectanguiar objects standing on a flat, infinitely extended

ground surface, the taller obJect in each pair. In one condition, the

only stimulus information for size was the e]evation‘of each object; inoa
second conditjon, the horizon Tine was added. 1In a third condition, a

texture.gradient was added to the pictured grdund surface. A fourth con-
dition was identicai to the third except that the pictured ground surface
wae abruptiy terminated at a large but finite distance, thus 1owering the

ground surface's visible horizon below its true mathematical horizor® The

—

. = ‘ 269



" added horizon significantly improved relative size judgments, but the

further addition of a texture gradient did not improve?accurdcy. ‘A finite

horizon resulted in size ovérestimation of -the farther object. Apparently,

the horizon ratio relation is used in size perception and can be a more

salient cue than texture gradients. .

CIG Implications: These results demonstrate gbat under some conditions

-

very accurate size perception of surface features can occur in CIG digplays,
even when distance perception is totally ambiguous. ‘TH}S cue can be used
to determine the height off the ground of surface objects if observer
altitude is knowﬁ. Or, perhaps, if ob?ect height is known, a peréeption .
of observer height may result. The nece;Sarychndy Ton seems to be a clear
perception of the object in re]at{sn to the hor%zon; It may especiaﬂy~ .
aid in yielding vgridical size perceptions of buildings in the vicinity.of

attempted landings.

’
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Slocum, R. V., and W. A. Hershberger. Perceived orientation in depth
from line-of-sight movement.. Perception and Psychophysics, 1976,
19(2), 176-182. .

" Key Words: Texture gradient; motion perspective; slant perception

Twelve college students viewed co@puter-generated displays of a‘

Cross cohprising two drthogonal dotted 1iﬁés. The vertical arm 6; the
simulated cross was always in the observer's frontaleplane, but Fae
randomly textured horizontal arm was in one of nine orientation; ;ela-

_tive to the line of sight. The intérstices of the hOﬁiggnfal arm were
random samples from a uni%orm‘population, pfoducipg a texture aensity

. gradient expressible as a gradignt qf probabilities of inte?étice sizes.
Previgus research shows that the retina is sensitive to such gradients.
Observers judged the apparent infdepth orientation of .the hor%zontalgarm
by positioping a horizontal bar mounted on a rotary potentiometer. _Each

V4 B
observer viewed the simulated cross in each of three stimulus classes:

E

-

/.
1) Motion, in which the simulated cross, in effect, moved towdrd the
observer's vantage point and thus both increased the disp]ay's absolute )
. . R ?

size and steepened the texture éradient. . 2) Magnification, in which the

simulated cross, in effect, remained at a fixed projection distance while

the display's siZe increased exactly as did the motion display. This con-

dition allows the effect of changing épgu]ar‘size to be starated from the

effect of changing angular texture gradients.’ 3);§tatit, in which both
o ' ' Pk 4 . ‘

the projection distance and absolute size of the cross remained fixed.

+

This condition allows the separation of ‘the effect of stétic*te;ﬁure

gradients from that of dynamic tranéié:mgtions'of texture gradiepts.
M

.
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The static texture density gradient mediated perceived orientation )

L]

in depth. Further, when motion perspective was added to the static texture
gradient the 1mpre551on of depth was enhanced with the greatest enhance-

ment obtaining at the near viewing distance and at steep angles. “Vhen

dynamic magnification was added to the static texture gradient, the ':
impression of depth was attenuated; this effect™was interpreted qgf;;;;f\ﬂ

i1lusory case of motion perspective:

CIG Implications:

The results indicate that random texture gradients can
be used as effective cues to the perception of slant in CIG disp]ays. The
ef}eptiveness'of random texture is attributable to the motion perspective
offered by object movement. Random texture gradients will tend to_.be
differentially effective depending on surface orientation and distance.
For example, in a runway approach, the perception of slant should become
more veridical as the approach draws nearer and should reach a maximum
at the point of touchddwn:saPerception of runway slant at far distanees

[ 14 4

may not be better than could'be provided under static conditions, whith

*

1s even worse than could be provided under binodular conditions.

-
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Sundet, J. M. Effects_of color on perceived depth: . review of experiments .
and evaluation of theories. Scandinavian Journa] of P$ychology, 1978 N
i 19y 133-143.

-
.

.

Key kords: * Chromostereops1s, color stereoscopy, -depth perception; color ’
perception .

It has long been known that the color of objects may affectftHE§x
- apparent distances. Thus, most people judge equidistant objects qiffef%ng‘

S
in color (e. g , red and blue) to-be Tocated at slightly different dis--.

tances. Th1s phenomenon 4s most prqnounced with highly saturated celors

and with obJects lying’ near each pt;er, preferably within 1-1/2° to 2°. A’
d1st1nct1on must be drawn between monocu1ar and b1n;:e1ar viewing, because
the color d1£tance effects sometimes d1sappear for the former. ) a

9 -

N\_An’ exper1ment was rev1ewed in which subJects judged the re]at1ve

4

size and d1stance of, differently colored obJects—aéHer reduced-cue condi-
tions by mov1ng a comparison field to match the apparent daetapce (size)

. n' of a standard field. The Judgments of relative sizemtaﬁhed oet to be
closely related te those of re]atﬁye distabge. The red field was judged
as largest and nearest, the b]ue field was. judged ‘as fartheét aad smallest,

-and the green field waerudged as between both with respect to d1stance\

Ly
and size." Théese results were the same no matter w 1ch field was standard.
Current explianations of the monocular color distanke effect re]y on the
optical quality of the eye known as chromatic aberration, i.e., that the

refraction indices .of light rays are inVerseiy, elated to their wavelengths. | g

optical media than is 1on§-wave light. Thus, equidistant

* ) . .
ferent color cannot simultaneously -be in focus on the retina.

LS
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et Chromatic aberration of the eye is the poiqgfof departure for all

theories of binocular color-distance effects, The main theories assume
\

: that apparent distance differences are due tq a slight disparity between
" differently co]oredhretina1'images.
. In the most thorough 1nvest1gat1on 9f color stereoscopy, subJects

viewed co]or f1e1ds in a wooden box through a window. ™ The background g

eould be varied both in co]or and Tuminance and was 35 cm behind the color

o

f1e1ds, otherw1se the box was pa1nted flat black on the inside. .The
: co]or f1e1ds were squaré§ cut from paper printed im h1qh1y saturated
_co]ors SubJects adJusted the f1e1ds«unt11 they appeared equ1d1stant

Perce1ved re]at1ve depth between co]or fields 1ncreased with 1nCreas1ng

~

spectra] distances between the co]onﬁ, an effect that became more pro-

» . a

nounced with i ;rea§1ng‘observat1on,d1stance. In another- study, differently
. R §

¢ M . ) , N
colored fields were i]]uminated from behind. by a sjoint source. ‘When i1lumi-

natjon was high, 1ong—waye—eoT”rs were seen in front of the short-wave

,‘\\co1ors, e. n > @ red f1e1d was seen in front of a green. When illumination

CIG Imp]ﬁca_1ons . The distance and magn1tude of co]or distance effects

0 * - N

. depend on many variables re]at1ng to viewing conditions and observer

%

oh




differences. The important.point for effective transfer of t?a%ning is

~ *

that color-distance effects in actual flight and in the simulator should

., be equated. At least three variables are critical: 1) the colors used

in CIG aisplays should not be highly satﬁrated because object .colors-do,

- , ! .
_not appear highly saturated at the viewing distances- commonly encountered’

in the cockpit; 2) the brightness qf objects in. CIG displays should be
cbmparab]é to the general bgightnéss of objects seen from the cockpit;

and 3) the general level of_jj]umination in the monitor aréa will determine
pupiI]a}y-size and therefore the character of thé color-distance effects.
N ) .
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. required E?’ngUSt the ve1op1ty of «3 coﬁparison disk to the standard disk.

Walker, J. T.*Visual texture as a factor in the apparent vetocity of
obJect1ve mQt1on and motion aftereffects. Perception and Psychbphys1é?%*

1975, 18(2), 17§’}§Q
Kex Words : Te}ture, ve1oc1ty perception ' i

l

Qn beingeshOWn's1ides of rotating disks, college students were

1

The® comparison d1sk cons1sted of two black and two white seet'rs The
standard disk was 0ne of a graded series of random textures of black dots

. - ‘

S1x rande textures were enployed which differed in.their degree of coarse-
. \ ’

‘ness. The amarsest‘(1argest)‘texture in the series was ten times as coarse

as the finest (smatlest) texture.’ The standard disk was rotated at one of

three Ve1ocities The apparent ve10c1ty of . the rotat1ng random textured

> ¢ -

d1sk was found. to be an 1ncreas1ng monoton1c function of tke-coarseness

.
‘o

of the texture The range of texture used 1n the exper1ment‘produced a

25.6 change in the apparent,§e1oc1ty\of the rota¢1ng disks. » . -
~ These,resu1ts ran e;unter to earlier' Ffindings. In these ear11er'

stud1es, hpwever the moving textures were v1ewed through an aperture, :

S0 563% the-greater apparent ve30c1ty of finer textures ~could be exp1a1ned

“on the bas1s of frequency of appearance and d1sappearance of’texture ele-

A\

‘ments at((he edges of the v1ew1ng aperture A v1ew1ng aperture was not

used 1n the present stud& ‘and, since every texture e1em§ht was v1s1b1e :

. J ’
at aP] t1mes, apparent”veToc1ty measures were free ¢f any‘ef?ects due Ty

¢ " .
to the\appearance and d1sappearance of textﬁrg/e]ements. L
P . . !’ . ¢ .
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CIG Implications: The resulfé indicate that’the size or coarsenéss of

texture elements may, be critical to ‘the observer's perception of his rela-
tive mot1on with respect to the textured surface over wh1ch hé is mov1ng

For example, if an observer is flying over a mountain range provided w1th

T4

random texture in a CIG display, the apparent velocity with respect to, the

»

surface will increase as the texture element ‘coarseness increases. Lf the

4

mountain texture seen during training is coarser on the average than that

seen during actual flight, simulator trajning may result in velocity being .

underestimated during actual flight. Conversely, training on finer surface

textures than are generally seen from an aerial viéw may result in‘'velocity

being overestimated during actual.flight. . Therefore, if surfaces are pro-
» . . b

vided with random texture in CIG displays, the texture elements of surfaces

should be the same average-size as the elements of those surfaces as seen
from an aerial view. - The calﬁbration‘of texture coarseness should yield

- . @ N NS
maxim%n transfer of training with respect to relative velocity ‘perception.

Y
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“Ypnas, A., L. T. Go]dsnith and J. L. Hallstrom. Deve1opment of

- ¥ , -
« ;,

.. sensit1v1ty to 1nformat1on orOV1ded by cast shadows in pictures.
Daveantian 1Q70 32 221
FereeDtTIon LUIU 13 JJJ‘UQL N
A ’ ’ P Y1

-Key.WOr S" Shadow, distance percept1on, size perceot1on,

shape perception
td

ify for-the observer 1) the spatial relations between [that obJect and its
surroundings: and 2% the shape and s1ze of the object. Some sensitivity
‘ to thi$ information is present even in 3-yearg£jd children. Experiment
1 provided evjdence that 3- and 4-year-01d,chi1dren can rely on the
shape of the shadow cast bx an object to judge the.object's shape™ I'hen
,asked to judge the~true'shape of an ellipse drawn on the floor of,avhall;

~ o, . , N

Jway that pravided linear perspéctive and compression gradient information,

shadow was continuously cpnnected\to_it and thus specified that the object
‘was restina on the floor than when either a shadow specified an object

perpendicu1ar to the horizonta1 surface or no shadow nas'present. ¢

- . In-experimeng 2, adu1t$~and 3-. and 4Lyear-old chi]]rén!Wé%Zi
shown disp1ays:consistind of pairs ofvpenci1 drawings. Each drawing pre-
sented a sphere on a.linear perspeqtfbe represe:tation ot~a gridded ground

surface which receded o the horizon... One type of display contained no 'y
shadows ‘and onﬁy varied the"object's vertical position in the;picture
-p1ane. A second type of disp1ay presented the spheres in the same posi-
- . tion on the picture p]ane and onty differed the 1ocat1on of the shéddws
:" cast by the spheres The observers’were to decide which sphere in each

°\¢'€ patr of drau1ngs was higher off the ground, nearer, and 1arger The

?bcat1on of the shadow cast by an obJect 1nf1uenced the object's per- *

c%dvei:relat1ve depth and height iff the ground p]ane o
. 278 '

?
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they were more’like1§ to choose the ellipse as a round figure ‘when a -

The shadow cast by an object in a two: d1nens1oﬁa1 p1cture can spec-




CIG Img]ications-

* . : ' . = 3
* £
A]though even the 3-year old children were-sensitive )

ta the location of the cast shadows, there was evidence that Judgment of

the object's relative distance and size. 1mproved with age. These resu]ts

argue that cast shadows constitute an important éourCe of information for

v

deferm1n1nq the shapes and sizes of objects and for the -layout of obJects

1h space. In the case of CIG d1sp1ays, cast- shadows may also be helpful

in detemining the s]ant of‘pbjects. In addition, they may eliminate the

T1lusion of f]oatin§ dbjects because an object is necessdrily restimg on

PN

the ground if its ground shadow.{s attached to it. The cast shadow may

also help.deteymine the relative distance ahdiheight off -the ground of ’

. -
other low-flying aircraft.
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B.9 PERCEIVED FLATNESS OF THE DISPLAY
. A bilot tn@inee\Viewing a CIG.display is presented with a simulated

- _three-dimensional environment via a two-dimensional display surface. . These

- two perceptual interpretations of the dfsp]ay conflict with each other. ‘

- The simulator features that reinforce the idea. that one is watching a two-
dimensional display are called flatness cues. The degree to which these
cues can beoeliminatéd from. the display determines the upper bound upon
how compelling -the three-dimensional interpretation can be. The research
treats perceived flatness of the CIG display and its effect on the per-
ceived shape, slant, and size of sur%ace osﬁects; and the observer's
re]étive motion and ve]oci;y»withrfespect toé the surface. -

. ' 2 -3

¢
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Epstein, ﬁ;,vand J. N. Park. Shape constancy: functioha] relationships
. and theoretical formu]at1ons Psychological Bulletin, 1963, 60(3),
265-288. )

ﬁiﬁlﬁ!ﬂé‘ Shape constancy; shape slant invariance; slant percept1on,
. monocu]ar percéption; binocular perception .

- ‘j When a form is prOJected by light on the ret1na,-the differino
orientations of the form w1th redard to the retina resu]t Jn a set of
different proaect1ve shapes. Under most cond1t1ons, phenomena] shape is
less affected by the stimulus object's or1entat1on with respect to the
observer than wou]d be expected on the basis of the prOJect1ve transforma-
tions which accompany variations in grientation. The term “shape constancy
has been introducedlto designate this tact. Shape constancy is usually °

.defined as the relative constancy of the_percefved shape of an object

despite variations in its ‘orientation, Severa1 investigators have shown\

that. shape constancy is d1m1nashéd by conditions wh1ch reduce the avaﬂa—i

bility or effect1veness of perceptual cues to an obJect S or1entat1on

There }s some evidence that the effect on shape Judgment of eliminating +* »
] b1nocu1ar cues to distance w111 vary with the angle of 1nc11nat1on at wh{\h

the standard st1mu1us is presented. ( ! ' : . v

\ Kl

CIG Implications: In the everyday V1suaT'world, shape c0nstanCy is up-

~— ‘

, = -
> held because an abundance of binocular and monocular cues to s]ant aFa\

" in evidencei Thus, pilots makina a 1anding approach see the runway at

'
]

its_veridica1 slant "and -as rectanQu]ar‘in shape. In FIG d1splays, cues

e N

" to distance ‘(and slant) are more 11m1ted furthermore f]atness cues exist

"that reduce the effectiveness of perceptua] cues to the orientatiog of the_

runway. These "flatness cues dimifiish Shape constancy ‘and cause the runway
L, X

to appear trapézoidal and in the,frontopara]]e]'p1ane.-
o : L 281 - :
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Rock, I, A. L. HilT and M. Fineman. Speed constancy as a function of size
constancy. Perception and Psychophysics, 1968, 4(1), 37:40. 7

Key Words: Ve]oc1*y percept1on, speed constancy; size constancy; binocular '
percep ion; mQriocular - percept1on -

If perceived velocity were to %% a function of phenomenal extent

.’ : \
constancy, which entails emp]oying distance cues. Exper1ments were per-

®

formed in which observers matched the ve10c1ty of a 1um1nous circle 72 in.

\\\tra:ersed-per unit of time, speed constancy would be derivable from size

from the eyes to the- velocity of another 1um1nous circle 18 in. from the
eye'in-another direction- The two circles were of the same angular size.

. In one condition the d1sp1ays were_ v1ewed b1nocu1ar1y to a]]ow use of the

-

cues of accommodat1on and convergence. In another condition, observers
v1ewed the d1sn1ays monocu1ar1y through an art1f1c1a1 pupil, thus e11m1-
nat1ng d1stance cues The resu1ts for b1notu1ar v1ew1ng show a‘strong

tendency toward constancy of speed based on fhe presence of cues to
- d1stance Fdr\monocu1ar viewing, the var1ab1e c1rCTe was set on the
s ) . o

average 2.25 t1mes the speed of the standard. Thus, when distance cues

are e11m1nated, there is a tendency to regress toward ﬁatching the retinal
- L /
velocities of the moving circles. '
- .
16 Imp1icat10n5: In real-world percept1on where binocular cues te dis-

-+ tance are available, ve1oc1ty constancy occurs. An object seen at half

the d1stance of a second obJect must possess tw1ce the ve1oc1ty oggthe
second obJect for the1r velocities to be, perce1ved as equa1 However, in u

CIG'displays where cues to d1stance are limited, there w1T1 be a greater

tendency for objects to have equa] perceived ve10c1t1es if the1r ret}na1 .

. L d
N
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velocities are equal. Therefore, in comparison-to real-world perception,

'

ve1oc1t1es of distant moving objects wiil _be underestimated re1at1ve to

near moving' obJects in CIG d1sp1ays If, howeven, distance percept1on is

- v

1mproved by the addition of cues.to d1stance such as texture gradients or

shad1ng, then velocity percept1on shouﬂd Jmprove accordingly.
-~ o , )
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Schiosberg, H.' Stereoscopic“debth f;om single pictures, American Journal
of Psycho]ogy, 1941, 54, 601-605. . _ Ty .

@ .
i ~
S a picture representing

Key Words Flatness cues; degth perception

e

‘An observer may see a picture either 1)
.depth or 2) as actual objects depioyed in depth|. ‘wherees in the first
perceptual coeditioh the observer remains aware of the picture's fiat
natuﬁe, under the second 'set' he geés the plastic (depth) effect. Depth,
r . then, is not merely sometbfng added to a pi te}e in various ampdnté; but
rather a modes of perceivfng. The(ﬂ;;}ession of er;h;isdan.a11-or-none.
fffair. The plastic effect can be obtained a]ﬁost as well by viewing\a
single picture through a iens as by the use.of disparate pictures iq‘é
binpcu]af ste;eoscope. The ,expianation for this g¢ffect lies in the fact
; thaff‘whi;e~any p%ctﬁre ﬁay,contajn cues to depth; ig\é}so preéents a

¥ .
number of cues for -flatness. P .. =

~

3
Qa

~CIGlimp1icatiQns:' Identity~p£-the binocular fie]ds, surcace glare, cues
from accommodation, and margin of the picture are among the cues to flat-
neés wh}ch are present in éIG displays. In normal binocular inspection of
a pictuyé, the~f1atness cues aee strong enough_to force the,oeserver to /

seeva flat pictures but, if the flatness cues can be eliminated or

weakened, the perception can take on depth. As in the margin of a picture,

the visible frame of a CIG dispiay monitor is a cue to flatness. If the

mon1tor frames can be covered so- that they are not seen, this cue to f]at-

e

»
, inz.w111 be eliminated, thus permitting the depth cues in the display to

betome dominant enough to give the display an appearance of depth.

a

W
’ ¢
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B.10 MINIMAL SCENE CONTENT o :

»

This research area treats the re]at1onsh1p between tra1nee accep-

tance and transfer of.training and the CIG: d1sp1ay s realism. For somg -
aspects of the simulated env1ronment, added realism may neither benef1§ _nor
reduce transfer of training.” A lack of certain types.of infbrmation in CIG
d1sp]ays may be compensated for by including a different type of informa=
_tion. * For exampte, the.lack of depth inforMation caused by the absence of
dynamic’ b1nocu1ar ‘disparity cues in CIG displays’ may be compensated for by,
providing art1f1c1a1 texture gradientsywithout there be1ng a concurrent .

Toss in transfer.o tra1n1ng

. Detect1ov//fsks requ1red for -actual flight may not be s1mu1ated with
. art1f1c1a1 clutter in CIG’ d1sp1ays . A poss1b1e solution is a CIG d1spTéy
'wh1ch switches level of deta11 based on eye movements, however, this dis-=*
p]ay wou]d have to keep up with the max%mum ve}oc1ty of saccad1c and
pursu1t eye" movements Another criterion is whether the 1ack of deta11 in
the per1phery of the retina amounts to a noticeable difference. to‘dﬂ?
observer Z:.~~= . .,




" Systens, 1970, 11(3), 140-149.

. -
A Y

N

Chase, W, D. Evaluation of* several TV d1sp1ay system configurations for
v1sua1 simulation of the Tanding approach IEEE Trans on Man-Machine

3 . N v

‘ggz words' Transfér of tra1n1ng, f11ght s1aﬁﬂators, co1or percept1on

A study was conducted to determ1ne the effeots of severa1 varia-

‘s -

/

: t1ons of\two types of v1sua1 d1sp1ay systems on obJect1ve measures of per-

formance and subJect1ve evaluations. -The components of the visual ft1ght

simulator were a telévision camera,"runway model (scaled at 2000 ft 3 1 ft),

projectoy and monitor veiwing systems, and an instrumented fixed cockpit
; - ‘ > - .
cab with engine sound and force-feel control systems. The visual scene |

. Ed - . .~ e . . . .
was created from a runway model- of an’airport on a one-degree-of-freedom'

‘~-m9vab1e belt driven past the five-degrees-of«freedom camera and optical- —

-

probelasSemb1y., The suhjects were 'seven professionat bi]ots‘whogwere on -
professional flight status. Two types of flight approaches were made wi th
-\ . . . . <& *

. v g ) .
either a projector or collimated monitor visual display: 1) the instru-
‘ment‘approacheand 2) the visual approach without theonorma1 cockpit
hinstrumentatiOn-assistance.l The effecfs of color and reduced resolution

[y

were also examined. The touchdown distance and standard deviation for the

s .

co]or mon1tor d1sp1ay 1ncreased and agreed more favorably w1th actual

f11ght results than did those for the b1acK/wh1te monitor d1sp1ay The
performance for.rate of descent at touchdown was lower for color than d

‘for bPack]wh1te (part1cu1ar1y with the mon1tor display) but was still

-

¢

higher than for actua] flight. Degradation of ,the mon1tor d1sp1ay reso]u-

t1on tended tq,reduge the touchddwn distance_and s11ght1y 1ncreased the

E;Eorrespond1ng standard dev1atjon " In addwt1on, the‘iand1ngs-were mage -

s - - ..
s . - . ., . . s hd
* o « ~
- . .
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predominantly to the right of the center line for the black/white monitor

d1sp1ay and w1th near]y tw1ce the standard\dev1at1on as obtained for the R

’

co]or monitor display. ‘ - - -
¢

The- p1lots were more critical of the black and white var1at1on for

either d1spTay and favored more use of a/zolor system. Advantages cited

. for a color system inclulled greater pilot re]axation, decreased fatigue,
¢ ’ ¥

°

-

better picture qua]ﬁty,~and more realistic-depth perception (part1cu1ar1y
with, the monitor disp]ay) tompar1ng the reduced-resolution monitor dis-
play to the proaector display, the pilots a]so noted that the former caused

a loss in depth perception and he1ght references, increased visual fat1gue,

.and 1ncreased efforts for a reasonable approach. The objective perfornance

measUres of the study were reasonably consistent with- the pilots’ sub-

jective eva]uat1ons and comments. ~ . . " B
! .
CIG Imp]1cat1ons Even though the study was conducted with a simulator em~

p1oy1ng a phys1%a1 mode that is less soph1st1cated than current CIG
¥ Co
systems, 1t demonstrates that 1ack of rea11sm in the visual display can oo

.cause performance decrements even in experienced pilots. “Of particular

. »
1nterest are the resu1ts regard1ng the use of color in the visual display.-,

"qa" - - ]

Cons1derat1ons of cost effect1veness could 1ead one to regard colgr images
as an-unnecessary Tuxury in CIG displays, s1nce a black/white d1sp1ay

contﬁTns essent1a11y the-'same perceptua] tnformation as does a co]or dis-

- L el

play. However the resylts of this study indicate that reversion to a

.
-

b]ack/wh1te CIG display ou1d 1ead to decrements in p110t acceptance and

f}1ght prof1c1ency

- $ ?
. ’a * o . - . -
- .'.29 o . " 2
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H11z, R., and C. R. Cavonius. Functional organization of the per1phera1
retina: sensitivity to per1od1c stimuli. Vision Researth, 1974, 14,

1333-1337. . ,
- Sy : o » Lo
Key wblds Peripheral vision; photopic- vision; modulation sensitivity;
¢ spatial Frequency ‘
A Previous research has shown that 1um1nance -increment thresho]ds in-

", crease in the periphery; i. e , the amount of extra 11ght needed to detect

'u* . - -

a change 1n brightness increases with the retinal ecGentr1c1ty of the,

target. Sensitivity 1n1t1al{< decreases as the test spot is moved a‘few
degrees from the fovea; it then vemains fairly constant to as far as 30°

1n the per1phery, after wh1ch it again decreases monoton1ca11y.~‘

a

- In the present study, modulatiorn sens1t1v1ty of the peripheral

rez1na was measured- for photop1c v1s1on with an interference fringe method

tha passes the optics of the eye and hence is not subjéct to opt1ca1

. aberrat1ons Light from a 1aser was d1v1ded 1nto two beams and focused into

K

' two sma]] foca] images in the obsbrver s papil. The resu1t1ng 1nterference

2

: pattern appeared to the observer as a vert1ca1, red s1ne wave grating that

f111ed a ¢ircular test f1e1d ina dark surround Detect1on thresholds for

< ',. <

the\preignce of bars in the 1nterference pattern-were measured By a method
*, ,

of adJustment in wh1ch the observer\1ncreased the contrast from below his
} s A

. detect1on thresho]d unt11 the gratrng was just v1sﬁb1e Fdr ald spat1a1 "

oA frequenc}es,,sensatﬂy1ty’deqreases wath eccentn1C1ty but the manner°1n ’

' P
6 . . ¢ PrIENS s o

K wh1ch sens1t1v1t¥ upr1es w1fh eccentr1c1ty depends on the spat1a1 fre-

A quéhcy Qﬁ the,test obJect <AL 26'cyc1es/deg and h]gher sen$1t1v1ty -
. 'f'. LA ‘-*.s . .~
& ,  detreases 11near1y and ra61d1y as’ eccentr1c1ty~1s 1ncreased,.however when
. * . k: - " P . L es v. L]
. 4. d
“measured W1th Aow frequency test obgectsg sensﬂt1v1ty§rema1ns rﬁtherg -
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. constant unt11 a certain eccentr1c1ty from 4° o 12° from the fovea (wh1ch )
depends on the spat1a1 frequency) 1s reached afterewh1ch it decreases at *
the s”me rate as for high frequency test ob}ects D B
. ‘
CIG Imp]1cat10ns If 1eve1 of deta1T sw1tch1ng is emp]oyed 1w'a CIG d1s- .
p]ay, observers may not - not1ce the 1ack of deta11 1n the periphery 1f the /t”
level of deta11 decreases 11near1y at a certa1n rate as 1t becomes angu]ar]y
d1sp1aced From the po1nt of focus Th1s generaTrzat1on may not,ho]d f o g
T +all surface €eatures, however Surfaces wh1ch ar"?een at 1ow spat1a1 ‘
E frequenc1es at about 8- cyc]es/deq may be not1ceab1y 1ack1ng 1n deta11 at
’ 3 = . “. ’ ». . ]
eccentr1c1t1es of up te 10° from the fbvea wh11e surfaces seen.at high., = .
- spatial frequencies may. dppear normal with less refireséntation of‘detai{, [
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Hopkins, C. 0. How much shqu]d‘you pay for that box? Human Factors,
1975, 17(5), 533-541. T ‘

<_Jx‘words Transfer of training; f]ight simu1ators; cost effectiveness -
\f\j
4 S1mu1ators may be used not on1y for training and mazhta1n1ng pro-

. fidiency,.but a1§o for predjcting future suceess in training (sejecticn) . - \
. and evaTuating the‘eurreﬁt effects of past training (proffcaency assess- <
’ ment). A comprehens1ve 1arge scale exper1ment was, conducted 1n 1974 10
determine how ground based aircraft simulator mot1on cond1t1ons affect the

prediction of p1|oe prof1c1ency. Far the best of the simulator motion

e

conditions used, a cowrelation coefficient of 05724 was obtained beﬁweeh

-

measures of performance in a simulator and a cerresponding light, ,twin-

¥ , N

engine aircraft. The sults support the idea that simulator per-

fdrmance"tests can be used to evaluate.the effects of past training. -~ .

.

t \ 2

i The trad1t1ona1 measure of transfer of training--percent of
‘ tran{fer:‘1s not adequate to eva]uate the effectiveness of a simulator
*tra1n1ng program because ¥t does not také'1nto account the amount of

s1mu1ator tra1n1ng The real concern is w1th comparing the cost_of

* o

a unit o# s1mu1ator tra1n1ng t1me and - the cost of f11ght time for which
the unit of simulator’ traJﬁ1ng may be subst1tuted. EventuaT]y, an incre-_
-

t1me saved wou]d thereby cost le$s than the ‘next increment of simu-

e ~

fligh

e lator tra1n1ng. The use of the simulator beyond this point would not be

ment\%§ s1mu1ator tra1n1ng wo%éf prov1de so little transfer that the

4

cost effective. .

.

CIG Implications: Many have qdestioned the necessity and desirability of

un1versa11y h1gh degrees of phys1ca1 simulation, or the f1de11ty that may.
Lo 290 ~ ‘ .
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be ach1eved between the, f11ght tra1n1ng dev1ce and the operat1ona1 a1rcraft‘

-

In some 1nstances, these tra1n1ng dev1ces 1ncorporate de11benate dev1at1on§* -

‘ - e

' from rea11Sm in attempts to 1mprove upon, from the transfer- of- ~training
standpo1nt the re]at1ve1y poor Tearn1ng env1ronment of the design- basis
_aircraft. | -

\ . . ) s N /'
Many experienced pilots genuinely believe that the more a simulator

.

responds and feels the way an airplane does, the dreater its benefit to
trainfng éndzpreficiency maintenance. Pilots 1dve to fly. If they cannot
fly in the.air, they went to(experience the closest thing to it on the
ground. Fidelity of simu]ation can operate as aymotitationa] variable.

~

If the simulator looks, acts and sounds like an airplane, the trainee is .

more 1ikely to be convinced that practice will be beneficia] The. problem
is to deterane the extent to wh1ch,yary1ng degrees of f1de11ty of
simulation yield vary1ng degrees of motivation..

- S




Johnsbn,rc,‘A.!_and.ﬂ. W. Leibowitz. Practice, refractive error, and o
feedback as factors influencing peripheral motion thresholds.
Perception and Psychophysics,71974, 15(2), 276-280.

v

- Key Words: Peripherai vision; motion perception
¥

The effect of practice on movement th?esho1d§ QAQ determined at

‘nine stimu]hs.1ocatﬁons in the horizbnta]lmeridian, from 0° to 80° of

eccentricity in 10° intervals. The subject was seated facing a perimeter
~ with a J.27-cm e1it cut horizonta]]y‘aibng‘its surface at eye level.
Movement of tne'stimu1us was~acc0mp1ished by a.20.3—cm diameter cylinder
. , covered w1th black paper and mounted w1th its long axis hor1zonta1 behind
the s1it opening. 'A 1.27-cm w1de band of white p1ast1c tape was wrapped
jn a sin;1e helix around -the cy11nder. Botat1nggthe cylinder behind the

slit'produced horizontal movement of an apprqximate1y white test stimulus

‘ $ubtending 0.95° of visual ang1el' After each trial, sﬁbjectsAreported

’,
*®

whether the stimulus had moved to the left, to the right, or remained .
r [

stationary An 1nter1eaved doub1e sta1rcase with var1ab1e step §1ze was °

_used to determiné the movement thresho]ds, and a SOA correct cr1§er1on

A’

was selected as the thresho]d measure By the final sess1on movement
thresho]ds were 1.5 min of arC<5%5tﬁ_ fovea decreasing linearly to abodt

14 to 18 min of arc at 80° d1sp1acement from the fovea. Movement threshL
~—. o]ds at 80° of eccentr1c1ty are only 10 to 15 times greater than‘at the

3

fovea, while acuity is degraded by a factor of 200 or more over this

*

~interval. Not on]y»is peripheral motion detection relativély better than.
Y v -

',acuity to begin with, but the ameqnt of p%actice'needed for optimal per-

» formance (three sessions) is apparently less than that needed for acuity

v (between 15 to_25°§ession§). Lo ,
. 292 , T
o : \ - . .
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CIG Implications: The results suggest_thai)mbtion sensitivity rather than
za? =,

. t . iy
visual acuity should_form the basis to establish. the rate at>which level-of- ?
Sy,

detail decreases with ret1na1 eccentr1c1ty in CJG displays wh1ch possess
switching capab111ty The level-of-detail should also decrease linearly

as a fuggjlon of eccentricjity. If acuity‘thresho]ds are used to establish

the level-of- det:11 rate of decrease, objects may seem to myster1ous1y

appear and d1sa as they are seen in motiom on the display.

-
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- ,-hertens H. -W. Lpboratory apparatus for study1ng visual space perception

of the pilot in simulated night approaches to 1and1ng Perceptual and
Motor Skills, 1977, 45, 1331-1336.

« Key Words: I#aﬂsfer of training; depth perceptiong slant perception;
. ‘realism .

A 1aboratory apparatus is descr1bed that prov1des a re1at1ve1y inex-

.

pensive way to assess many of the perceptua] and human factors parameters
in the night approach to landigg. " The basic concept of the apparatus .was
a moving runway modei of variable slant. Aoded to this concept is a

technique for-modeling night runway lighting and an optical system for

1
-

. )
varying the model's position in the visual field. The runway model was
e » R \ f
based on a light box. Its removable Formica top was penetrated by short
. ‘ )
- __+fiber optic strands to simulate runway lights. TRe™ solrces were two

@

. parallel instant-start'f1uoresqent tubes mounted below the top_of the light
' box. One side of each fluorescent tube was tovered with tape and painted
. black to make it opaque. The tubes were mounted with a single pin on each

end so that they could‘be rozgted to expose varying amounts of the unpa1nted

} ' 51des in order to” vary. the anount of light reach1ng the optic strands and
hence the br1ghtness of the simulated runway and approach lights. The
runway model with its rotation system was mounted on a cart that mbved
along a level track toward the, observation position. A transverse hori -
zontal axis of rotation Which was perpendieu1ar to the 1ongitudina1 axis
of the runwayf passed through the plane of the S1mu1ated runway The mode]
* cou]d be rotated 20° from a phy51ca11y hor1zonta1 or1entat1on in e1ther

‘direction. The electromechanical and optical systems a11owed prec1se

—_— . 290
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contrel of simulated approach §peed, mo¢e1 slant and direction im the
v1sua] field of the s1mu]ated radial approach ax1s

CIG Imp]1cat1ons The visual simulation apparatus has severa] 1mportant

-

advantages. Optical reso]ut1on is excellent. The apparatus can vary’the -

.v1sua1 d1rect1on of the radial motion axis w1thout needing a complex fom-
puter to synchron1ze simulated att1jude and d1stance changes’. The dis-
pla& S rea]1sm‘/5/enhanced by cues to space pe*cept1on such as linear “~

. perspective and motion parallax, and by preservat1on of the natural
re]at1ans of size and brightness of s1mu]ated runway lights to distance.
Size and br1ghtness grad1ents aré not a feature of the runway 1ighting in
CIGvd1sp1ays The apparatus can be\used to Study the effects of the abeve
cues on the percept1on of. ;hnway slant and approach ang]e In addition,
due to its enhanced realism, the appanatus can.be used to jnexpensive]y‘7

conduc%~on-the-ground transfer-of-training research with respect to such

‘performance tasks as ruhway approach, landing, and" takeoff




]

*Rock, 1., J. Shallo and F. Schwartz. "Pictorial depth and related’
constancy effécts as a funct1on of recognition. Perception,. 1978, 7,
3-19.
Key llords: Depth perception; scene recognition; pictorial cues
" It is argued that traditional p1ctor131 cues to depth such as per-

spective or texture gradients are neither a necessary nor sUfficient basis .
. . . * N
for recognition.

_which\stdmuli were necognized as pictures of seascape and sky, but for
. , ) > :

which such cues were eliminated. Illusory size perception based on locaii-

e

zation of objects in depth in'such pictures nonetheless occurred. That’

they are not sufficient was shownm by experiments in which photographs of

grassy fields did not yield impressions of depth or reldted size illusions
when conditﬁons were such that the-scene was not recognized (such as view-

~

%
ing the scene in non- upr1ght or1entat1ons), even though the field contained

E é

size and dens1ty grad1ents and other cues to depth Once recogn1zed

However, these same pictures did yield 1mpress1ons of depth The results

- \

suggest that phenomenal depth based on pictorial cueszﬂe{thér in artificial
visual displays or in real-life scenes, is not dutomatically produced by

the various cues traditionally cited; instead, it is the ehd result of a

L]

construction process 1n'which recognttion-plays a‘c‘itﬁcal ro]é .

CIG ImplicationS' In rea] wor]d'percept1on such as wou16—occur when flying

an a1rcraft the impression of depth 1s fac111tated by recognnt1on of
surface objects. Scene recogn1t1on even at h1gh a1t1tudes is easiér than
| would be possjp1e'for CIG d1sp1ay§, since the'Level of deta1T is many
Theretore; even-if all the pictorial
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times greater in the real world.

‘That they are not necessary was shown by-experiments in x‘

]
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.



— ---—7-Cues-areypresent in a*CIE?dfsp1ay, their effect1veness in y1e1d1ng depth‘

- the real wor]d . < >

more probab]e To facilitate’ recogn1t1on of an ocean surface wavy 11nes - ’

_wherg texture gradients do not seem ‘sufficient to yield an }mpress1on of —

-
.

et e g e

1mpress1ons will be Timited ‘because scene recognjition is poorer than 1n v

b A Y
There are two general ways to overcome this problﬁh and thus equate

CIG d1sp]ays with the rea] wor]d in terms of depth percept1on ‘The first °
me thod 1s to exaggerate the p1ctor1a1 cues so that the percept1on of depth
is compelling, Regu1ar texture gradients might accomplish th1s purpose 3\

but they suffer the d1sadvantage that, since they are rarely seen in the ’

A

real world, they create a problem for transfer of tra1n1ng A second
method is to add cues that would fac111tate scene recognition without

necessarT1y 1ncreas1ng the level of deta44———F0r example, a CIG d1sp1ay

may employ 1nd1v1dua1 texture elements to portray a field of crops. How-

-

ever, a random texture gradient thus created may not yield an unambiguous "

1mpress1on of or1entat1on and depth 1f the field is not recogn1zed as such

espec1a11y 1f the texture e]ements are neutral geometric shapes such as

dots or squares. If the texture elements have a shape to suggest recog-

<

n1t1on of sta]ks of wheat or corn, for examp]e, scene recogn1t1on becomes

could be used as texture e]ements The main point is that in those cases

depth, if texture element shape can be tailored to surface identity, the
’ ‘ . ~ '
improved séenelrecognitjon should lead to more veridical impressions of

depth. . . ' '
A .
NOfE~ The exper1ment of this ,does not use stereo imagery or motion as commonly
used in human visual pertept1on Therefore, the conclusions are for a -
" specific, limited case. - . .
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Va]verde H. H. "A review of flight simulator transfer of training
studies. Human Factors, 1973, 15(6), 510-523.

Key Mords: Transfer of training; f1ight simulator

Studies conducted between 1949 and 1971 to statistica11y determirte

“the transfer value of flight training simulators in use during that period

-

are reviewed. Performance measures in these studies usually were in—
structor'ratfngseof,proficiehcy and errors during f]ight{training: The
various transfer-of-training studies have yielded équivocal results: some
purported to find positive transfer as a result of flight simuiator trainr

ing, while others failed to find a positive effect of simu]ator training.

Th1s d1spar1ty may have been due to var1ab1es that were not assessed in

N “

the exper1ments Most of the performance measures used in the experi-
ments were Judgme2§a1 in nature and thus highly subJect1ve evaluation

1nstruments. A need exists for more objective measures based on desired
terminal Behav1ort.i The value of paper-and-penc11 apt1tude tests to

- ‘ L
match subJects for & performance exper1ment is debatable. It must be as-

suMed that there.are individual difference$ in motor sk311s just'as there
are in any other human endeavor, and the Tow corre]at1ons obtained between

paper -and- penc11 tests and performance criteria seem to support th1s as-

3

sumpt1on. The motivation and att1tude of the student toward the simulator

may also affect his learning of the specified tasks.

L]

*nstructors p1ay\an'extreme1y important role in transfer-of-

. a

training expgriments; the\r bimses; attitudes, motivation, etc., bear upon

the’ 1earn1ng situation. ?; they exh1b1t disdain-for the tra1ner the

students will 11ke1y ref1ect th1s att1tude A capable instructor can provide




t1on 1S given prior to any training in the aircraft.

v

J
‘5 al o L" /
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.
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student with supp1ementary 1nformat1on to 1ncrease the tra1ner s ef-
ectiveness even though it h >
[}

as on]y nnn1ma1 cues.

Often the simulator
instructor does not give 1nstruct1on in the a1rcraft

, %

@
\

For this reason,
instructional techn1ques«may vary widely between similator and aircraft
‘ \

tr%1n1ng dnd thus adversely affect a transfer-of training experiment

Pilot training programs have used at least two var1at1ons in the

1nstruct1ona1 sequences for the simulator and the aircraft:
at1ng and block sequences.

.

alter-
. In the former, simulator training is alter-
nated with actua] flight training; in the latter, all simulator instruc-

After’ evaluating ®
the\stud1es which compared tHe re1at1ve effect1veness of a1ternat1ng vS.
b]ock\fequences, the evidence seems to favor the concept of b1ock s1mu1ator
1nstruc¢1on

CIG Im

p%icat1ons The transfer of training stud1es conducted on f11ght
s1mu1ators that are o]der and 1ess soph1st1cated than those current]y in.

use demonstrates the fact that simulators can y1e1d positive transfer\of

tra1n1ng and that realism is not always necessary. To accurately determ1ne

the cost effect1veness of 3 part1cu1ar f1ight simulator, it,will be neces-,
sary. to emp1o\

y better exper1menta1 methods and more objective and valid
measures than wére used in the past

>
.
\
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Weisstein, N., and.C S. Harris. Visual detection of'1ine segments: an
object-superiority effecf _Seience, ]974, 186, 752-755.

-

Key worQ§ 0&sua1 detect1on, pattern recognition; feature detection

Q\
SubJecgs were shown a line segment i one of four orientations to-

gether with Sne of several cohtext patterns. The subjects were required
s . \ * ’
to determine which dne‘of the four. diagonal line segments was present 'in

the briefly flashed.display. None of the context patterns provided -cues

*to which of the four target 11nes was present; 1n pr1nc1p1e, A Viewer could

ignore the context and“attend on1y to th€ target lines, w1thout sacrificing -

~

accuracy. Al1'five context patterns contained the same eight vertical and
horizontal line segments-lon1y their .arrangement varied: The most unitary
and three-dimensddna1 pattern was_one square‘overtapping another. The‘re-

ma1n1ng four patterns were constructed to represent a graded tendency “

LY

toward random arrangement of the ]1ne segments . The main finding was that

. ‘ 5
whefi a targét line was part of a conf1gurat1on that looked unlfary and

A

three-dimensional, it was identified more;iccurate1y than when in any
N . - , .

1.

other context:

< .\ " { . ‘
‘CI§~[mplicatigns: The results hav& implications for the use of artificial

clutter in CIG displays as.a context for visua) detection task9. Artiﬁ-
ficial clutter should render detectdon nore,dﬁfficuitltnan wouid a context
such as 3 pictpriaJ‘array of segregated objects‘that apbear %A depth. How- "’
ever, this does not mean that’the,use of artificial c1utter will result in
T . ’

eftective transfer o? trainingh It may well be that -the specific search

and  recognition procedures_actually employed-in a detection task will,

, depend on the degree'of organization of the,contgxt in which the target

» . T ‘

7

o
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Yarbus A. L. Eye movement and vision. New York: Plenum Press, 1967.

y\‘
,s

The fréquency d1str1but1on of the amp11tudes of sma11 1nvo1untary

Iy

! .

saccades ar1s1ng dur1ng proTonged f1xat1on on a stat1onary point was

-

%~determ1ned for a s1ng1e subJeCT ThE amp11tude of most suchﬁsaccades

11es between 1 and 25 min of ang]e The minima] d1mens1ons of these

’ ' <, ""‘a —t

~saccades are 2 to 5 min of angle,’ and the max1ma] d1mens1ons are approx1-
mate]y 40 to 50 min of ané%g Records show that .the duration of the sma]]

‘ /1nvo1untary saccades, depe%d1ng on their ampT1tude, is 0 01 to 0. 02 sec.

If a CI@ display capab1e of switching level of detail maintains a region
[ . . \ ’ -

. of high detail covering 1° of angle or mor'e at the point of fixation,
“then the observer will-not be sensitive to changes in level of detail due,

to small involuntary saccades. The saccades will all remain within the

~

~wregion of *highest detait. -t T .
The records of most horizontal and vertical saccades not exceeding
15° to 20° of ang]e very near]y approx1mate sinusoids# The ;r§u1ar
veloc1ﬁi«0f a-saccade while chang1ng f1xat1on points is g1ven in degrees
" per second by _i/,-/f: o : ) -
< . f,’/ : A . .
A ' /(f/ W= g% s1n % t , ~&‘ )

-

where t is the time inwseconds (0 <t<T), ais the amplitude of the

saccade 1n degrees, and T is the durat1on of the saccade in seconds. It

:foT]pws from this equation that the velocity of the saccade rises smoothly,

reaches a_max1mum, and thenifa11s smaothly to zero. For Saccades smaller

' than 15° to 20°, the increase and decrease in velocity fqllow a siﬁusoida]

ﬁ o 302 - =C;
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<

ru]é. For large saccades, recti]ihear areas Bppear in the middle pavt
of the curve, and the time-of increase in velocity of the saccade is
shorter than the time of its decrease. The maximal velocities of the\

saccades increase as a funct1on of the1r amp11tude

- *

CIG Implications: For a saccade of 20° amplitude, the ma*ima] velocity
.i;,éﬁpﬁpximﬁte1y 4503/sec. The maximum aMpﬁitudi’of a saccade per frame
in a CIG display, if 450P/sec i; taken as a lower bound for maximal
velocity, is 450/X, where X is. the number of frames per second. For ex-
.amp1e, if a CIG.display has a refresﬁ rate of 60 frames/sec, a fast moving
: saccade may cover as much as_ 7. 5° of angle per frame. If-a regioh of high
level of detail of 7.5° of angle or more 1s ma1nta1ned then the observer
. . will not notice any lack of detar1 in the°d1sp1ay" Faster refresh rates
allow for smaller regions of high level of detail. Of course' these
ca1cu1at1ons may not hold for saccades that have amplitudes of more than

20° of ang]e

NOTE: Saccadic suppression prior to, during, and after a saccéde lowers
per;ejved reso]utiqn for 0.05 to 0.1 sec.

~

K
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B.11 'SIZE\AND CONTINUITY 'OF THE VISUAL FIELD . -
This research involves the visual factors that determine percelved

. self-motion and v§1oc1ty of se]f—mot1on Two key factors are the roles of -
per1phera1 v1s1on and texture e]ement s1ze and density in se]f-mot1on per-
cept1on e ’

¢

In addition, the observeﬁ's,sensitivity to discontinuitfes due to
misalignment of monitors is d1scussed and -sensitivity to misalignment in
the- periphery of the ret1na and st1mu1us factors affecting vernier acuity
(m1sa11gnment sensitivity) are treated.

2
3 v




Brandt, T., E. R. Wist, and J. Dichdans. Foreground and.background in
'dynamic spatial orientation. Perception and Psychophysics; 1975,
17(5), 497-503. ’

Key Words: -Self-motion; peripheral vision -

{ The dependency éf‘Viéua11y induced self-motien sensation qp thg
.density of moving coﬁtrgsts'as well as édditipné] stationar& cont;a§ts in
the foreground or backg}ound was investigated. Two differen£ optokinetic
stimuli were used: 1) a disk rotating in the f%ontopara]]ef ﬁ]ane and
27"a projection of horizontally moving stripes onto a cy1indrica1 screen. a
The rotating disk induces an apparent bo&y rotﬁ;ion in the oppvsite direc-
tién and causes a limited tilt of the apparent upright. The amount of this
. ~tilt can be measured in térmsvgf fhe angle by which the test edge is dis-
.piaced in the direction of* the rotéting stimulus so as to compensate for.
the perceived tilt in the opposite:direétion. The surfapg of the trang—
*  parent rotating disk was randomlyxzovered by varying densities of colored
' . circles. A seconq stationary d{§k,'a1so ?andomiy textured-with circles,
was 1oc§ted behind the rotating disk. S%mi]ar]y, in addition to the -
moving stripes on the §y1indrica1 screen, a stationary pattern of ve;tica1, 2
ﬁ@?aqae, black stfipes could bé affixed either iq the‘fdreground (in front ’
.of the screqn) br in the baékgrduné (in the pfane of the projection séreén).
Circularvection latencies and velocjties were measured.
It was’fOund that lyivisua11§71hduced self-motion depégds on'th;
density of moving contrasts randpm?y:distributed within the visual field
' and is saturated yhen about 30% ofGthe visual field is moving, 2) ;dditiona1
stationary contrasts iﬁhibit visua]]x inducea self-motion in proportion to

’_ -
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their deﬂsit}, and 3).the location in depth of the stationary contrasts has

a significant effect on this inhibitien--the effect is considerable when théy'
¥ .

are-located in “the background of the moving stimuli- but weak when they

~

[

i

-

e

"appear in the,forégro@nd:.

9
-
- &

: : : v o
CIG Implications: Thesé¥results indicate that a minimum texture density is

required for fu]]_]qéomotion tq‘Qccur, pérh@ps as much as 30% of the CIG
display area in peripberaf régions. CIG displays that have fading detail
at the per{dhery may*nat‘disé1ay enough information in those regions to

* induce se]f—motion.u The moﬁitor frames and other nonmoving parts of the

simu]ator‘qi11 also tend to inhibit self-motion, although not as mugh

. because they appear in the [foreground. . .
k]
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Corwin, T. R., A. Moskawitz-Cook 3nd M. A. Green: The oblique effect in a A
vernier acuity situation.. Perception and Psychophysics, 1977, 21(5),

.t 445-449. . . ' : :

. L3

Key Words: Oblique effect; vernier acuity { : e

Observers viewed either vertical or obliquely oniented'verﬁier

targets from either an upright_posifioh or with their heéd§ tilfed..

Vernier.targets cons}sted of two misaligned line segments vi;wéd through a

.-mw”_____circu1a} aperture for brief periods in order to. minimize the effects of ‘
eye movements. Perfprmancegag; measured by an alternating method of limits -

‘with a three-alternative response. Vernier acuity was consistently bétter,
fér retinally vertical than for grav?fationa]]yﬁvertica1 targets, even .,
when the targets w;re presented against a background context of ygrtica1
stripes designed to a%d‘veriaicaT perception of gravitational orientafion.

- Clg:gmpljggﬁiqn§;' These results indicdte that vernier acuity‘debends on”

" retinal image orientation rather than -én perceived orientation. When a
.contour of an object }s continued from one ménitor to an adjacent monitor,,
observers wii] be differentially sensi£ive to’a.misa1ignment‘of the con-
tBur; befween the two monitors, the criéjca1 facfor being .retinal orienta-

. %ion. If the opser;;}js-head is qprigh£, seffyitivity to misalignment will
be‘greapest when the~contour is horizoﬁta] or vertical. 'Misa1ignmeﬁt of

diagonal contours will be more difficult to detect. If the observer’'s head

is ti]ted,_maximum séﬁsitivity to contour misafiqnmen; will occur when the

-

contour is presénted either at the same tilt as the observer's head or
- . ‘o . ~ . N P

perpendicular to it:




L . ’;

Gogel,'W. C. An indirect method of measuring perceived distance from
familiar size. Perception and Psychophysics, 1976, 20(6), 419-429,

Key Words: Familiar sizey distance perception

——Fwo- methods of measuring perceived distance as a function of familiar

)

. size were compared in five experiments. The method which uses the perception

of motion accompanied by a motion of the head, unlike the method of verbal ’
report, is considered to provide a measure.o? perceived distance that is
unaffected by factors of cognitive distance. fne amount of object displace-
ment necessary for the object to appear stacionary during head movement is -
the basis fqr the measure of perceived distance. Nhenfperceived and aCtuaf
distances are equal, no ouject disp]acenent is necessary for null movement

- perception during head movements. ) -

The direction of object disp1acement relative to tne direction df head
mdvement necessary to stabilize apparent obJect position indicates whether
perce1ved d1stance is an underest1mat1on or overestimation of actua1 fstance.
Subjects v1ewed through an aperture 1um1nous st1mu11 réproduced on transpar—
encies in an otherwise darkened visual a]]ey A spher1c”T'1ens p1aced a11
Sthe stimuli accommodat1ve1y at optical infinity in order to reduce the effect
of ocu]omotor cues of distance. The st1mu11 were a rectang]e and three

familiar obiects: key, sunglasses, and guitar. The familiar s1ze of the

. ijects’?nf]uenced perceived distance according to both measures. The guitar

"was consistently seen £§ more distant than the key;' The familiar objects

N

were often perceived as off-sized, with the key.sometimes reported as larger
" than normal and‘the guitar usually reported as smaT]erilhan normal. Much
larger variations in perceived distance due to familiar size were found in

the verbal report measure than in the head movement measure. These results

~
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show that the effect of_faﬁi]jar size of objects on distance estimation

. J.

" is.largely due to cognitive sourées of information. The cognitive information

" s 1nterpreted as resu1t1ng from*perceiving the obJect as off~s1zed and

]

assuming thaﬁ an obJect s perceived size will vary 1nverse1y with its ths1ca1
, « B A
dJstance. |

CfG Imp11cat1ons Familiar size probably cannot be relied on as a cue to

Y

.dqstance in CIG displays where there are relatively few cues to,distance. -
L . . .

E}eﬁ if many familiar objects are included, EEEchg¥ be perceived as
off-sized. The observer will be able to calculate veridical distances from

. his know]edge Sf,the size_o? familiar objects and his cognitive assumptions

concerning the relationship between size and distance; however, behavioral
' . 4 P

-

responses are more likely to be based on perceived dis\ance than on distance

estimates based on cogn1t1ve ca1cu1at1on. Perhaps trainfng can he]p oveércome

-

nonveridical distance percept1ons to a]]ow responses during s1mu1ated f11ght

%o be based on distance calculations using familiar sizes of objects.

»”
-
.
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) Johansson, G.

ﬂ]aboratory room that had p]enty of furniture and equ1pment

.tion about a stat1onary room over the rest of the ret1na

'mov1ng up or down.

3 .
¢ . N ¥
Fl X
Studies on v1sua1 percept1on of 1ocomot1on

Perception, 1977, 6, 365-376.

Key Words: ,L1nearvect1on; self-motion; peripheral visioni*]ocomotion
- - . , u ..

~
n

" The prob]em of a perceiver being ab1e\to vasua11y determine whether

_he is seeing obJects in motion or he is h1mse1f mov1ng (locomotion) was*

addressed.- Under rectilinear and smooth transport with constant speed,

K
~

the’ only sensory 1nformat1on -available about 1oc0mot1on stems from vision.

?

.The apparatus compr1sed a video camera facing an end]ess mov1ng~be1t that
filled the screens of two v1deo monitors with a vert1ca11y mov1ng random

pattern of black dots..

- -

ch1nrest,and with one mon1tor on each side oﬁrh1s head”. The centers of

theﬁTon1tor screens were -on his eye 1eve1, and each v1deo screen covered

a hor1zontaﬂ visual angle 45° to '90° from the optic ax1s of'the eyes w1th

the ‘gaze directed straight forward The apparatus was’set up ina-

The

11ght was switched on dur1ng the exper1menta1 sessions.

A flow of vert}ca1 mot1on was presented to 1\T1ted areas o

periphery (45° to 90°) of the ret1na s1mu1taneous]y with opt1ca1 informa

The resu]t'

Thus, perdtﬁera] motion st1mu1at1on over a few percent

'

‘of the retinal area detefmines 1ocomot1on perception in apparen& cpmpet1t1on

with 1nformat1on about a static state over‘the rest of the retina. The same

[l . " N N A

The subJect sat at a table with h1s~head on a ,\

ar
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<

[
-

‘o Q
:

“Ima " d experiment, the area of - the retina exposed to motion K

stimulation reduced’ to vert1ca1 bands that weype 10° w1de‘1ocated on

’

different patts of the retina. There maslhard1y any;différehce in the

LY

+

time requ1re for Tocomotion percept&on to bu11d up between different 10°
'peerhera1 areas in react1on to m0t1on st1muTat1on Most subJects p?rce1ved

?
locomotion when the vertical band was reduced to-onty ¥ fn width. ¢Finally,

] P v;? .

in compar1son to the open- 13boratory s1tuat1on mudh better 1ocomot1on per-’
cept1on occurred when the centra] area 1n frontmof the eyes was screened
CIG Imp11cat1ons - These demonstrat1ons c]ear]y show that mon1tors which *
stimulate the per1phera1 reg1ons of the ret1na shou1d Je/emp1oyed ins flight
) s1mu1ators 1f perceptions of self- mot1on are des1red " Apparently, on}y a
very 1imited region of the periphera]’retina need be stiﬁh]ated‘in order to
. produce se]f;hotion herception Moni tor wrau around need not extend far .in-~
to.the per1phery If the per1phera1 ret1na is not st1mu1ated by'mot1on, the
ObJECtS on the monitor will appear/to bé in, m9t1on and observers will

' perceive themselves as stat1onary.
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Kerry, J. L& Visual resolution fn the periphery.. Perception and
Psychophysics, 1971, 9(3B), 375-378. .

-

‘Key Words: Peripheral vision; visual acuity ‘ . . ~
Visual acuity thresholds were detefminéd for two obserfersfwith a

. 3° square grating iarget phesented for 0.2 sec within a steadily 111um1-
nated Eurround f1e1d matched 1n 1um1nance to the test field. Measurements
‘wefe made in the fovea, and at 10°, 20°, and 30° along the hor1zonta1
meridian of the temporal retina, at luminances between 3 5 and\3 .0 Tog mL.
The double staircase method was used to deterane acu1ty thresholds.
Accordfng to the observer's résponse of "?es I see the fines,” or "No, I
don' t see 11nes," the grating line w1dth was decreased or 1ncreased by
adJust1ng the angular setting of the grat1ng The measure of visual.’
deuity was the recipreca1 of the visual angle subtended by the’widthlof_
one line of the grating. At all retinal locations, the abf]ity to r@sotve

o

a‘gkatfngeincreased with Tuminance. A large increase in. acuity up to 1

LY
L4

or 2 1og mL occurred in the~-fovea, but very Jittle 1ncrease occurred above
0 Tog mL at peripheral locations. At photopTc 1um1nances, there was, .a
sharp regular dec11ne in log visual acu1ty as a funct1on of ret1na¥~—
eccentricity, with no s1gn of leveling off at the most centw1c ret1naT 1~
Tocation 30° from the fovda. The sharpest drop in acu1ty with eccent2]c1ty

da'i e 5t . ]
’

retinal 1ocat1on had less of an effect and/ at 73.25 Tog mL (c1o§e.to
3

absolute thresho]d) acu1tyvchanged very 11tt1e with distance from .

fixation. Visual acu1t1es were two- to*Fouf times h1gher than those
- ?

previously reported for the periphery. - Desp1te th1s fact, it is’ ev1dent

that acuity drops sharply in the ‘periphery. :

312 - L

occurred between the fovea and 10° at 2. 75 log mL. At Scotopic luminances,

td




) j' = r
e - ’ . %0 & -
CIG Impiications: -In a CIG display where the Jlevel of datail deciines
" with distance from the fixation point, the lack of detail is not likely
: to be noticed by observers '\If the correct rate of attenuation of detail is. ;
used. T R . - _ ~ -
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Lee, D. N., and J. R. Lishman. Visual propr1ocept1ve control of stance o
Journa] of Human Movement Stud1es, 1975, 1, 87-95.°

Key Words: V1§Ua1 propr1ocept1on, mechanical proprioception; .
self- motJon, 1oc0mot1on . L ' .

Maintaining a stance ig)an activity‘in which muscular eorrecfions
K are continualty be1ng made on the ‘basis of propr1ocept1ve information about
body sway.. The two bas1c sources of propr1ocept1ve information are mechan* ;
,“ical and v1sua1 "Mechan1ca1 propr10cept1ve 1nformat1on tould ha 0bta1ned e
through the mechanoreceptors in the Jo1ntss§nd musc]es (part1cu1ar1y at - . _:4/

-~ the ank]es), the soles of the feet, Md the vest1bu1ar system. Visual

propr1ocept1ve information could be obta1ned through the changing opt1c
array at the eye. The - ‘widely held v1ew seems&to be that if the eye 15,
1nvo]ved at &11 in'balance, it is of minor 1mportance comogred to the
mechanoreceptors and, ih particular, the vestibulap system.

The experiments were performed'in a swingjng-room—-a large box open

at the bottom and one end. To provide more visual “structure, 1engths of

Ll

floral w;l}yaper were hung on port1ons of the walls and ce}11ng Two light-

s

bulbs i19Uminated the room. . The room was suspended 22 cm above the f]oor

- by four ropes to allow it to be swung s11ent1y and v1rtua1]y linearly a]ong

its length. A sway meter detected the capac1tance hétween "the subJect S

+ back and ‘a sens1t1ve\z;ate. Balance was tested at.four stances: 1) stand1ng

normally, 2) standiné n a ramp, 3) standing'dn a compliant surface, and ;{

e 4) standing on ‘toes. Test1ng was-done both, Wns1de and outs1de the sw1ng1ng

»

-

room, eyes open and shut, and with the room stat1onary, mov1ng s1nuso1da11y,

or moving irregularly. The subject was warned that the experimenter wou]d

. ~— * \ -
e ) - Kq 4 . ’ o
. S N 31 _
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d1ff1cu]t onesh Misleading visual Proprioceptive 1nf0rmat1on ‘could mot be . .

s )K:1nta1n1ng a stance The experfments showed further that. visual proprio- o #

'51nusoida11y, most subjects d1d .not see the room moving. V1sua1 propr1ocep-.:.

_ functionsﬁbropr1ocept{;e1y as an integral component of the contro] system fon ?\,

- e

Q.«' 5,

try to make him sway by mov1ng the room, and that the subJect shou]d do his.

best to res1st swaying by 1gnor1ng the room movement while he st111 looked

?

straloht ahead Visual\proprioception was used in contro]]1ng ba]ance 1n B

all four stances “The subJect s body was visua]]y dr1ven by the s1nuso1da]

-

mot1on of the room. Furthermore when eyes wetre op n and the -room wés mov1ng

-

tion improved ba]ance in a]] four stances, be1ng most - effect1veggn the more  * i

1gnored In a]] four stances, the 1rregu1ar novements of the room caused o

' .
i

visual dr1v1ng and impaired ba]ance These resu]ts demonstrate‘that vision

ptive information is generally more séns1t1ve than is mechan1ca] proprloﬁ)

-
-

cept1ve ‘information from’ the vest1bu1ar system and the ankles and feet.

N

CIG Imp]1cat1ons Thts study is a eompe]]1ng demonstrat1on of the dom1nant .
. '-»,(
ro]e of vision in se]f mot1on percept1on Not on]y is a mov1ng v1sua1 envi-

ronment necessary and sufficient for the percept1on of self- mot1on, but\lt _ :

seems to render propr1ocept1on éf the vest1bu]ar system redundant It seems
prebable that the’ 11]us1on of self-motion generated- by CIG.drsplays can be

as stronq and compe1]1ng as that in actua] flight, even though the 1atter o (

5 . N ¢

a]so has vest1bu1ar input as a source of lTocomotion 1nformat10n

«
) N . .




Leibowitz, H. W., C. S Rodemer, and J. Dichgans. The independence of .
dynamic spat1a1 or1entat1on from luminance and. refractive error
Perception and Psychophysics, 1979, 25(2), 75-79. .

Key Words: Circularvection; self-motion; luminance;:refractive error

&

r

The effecf of refractiye error aﬁd Juminance on circufarvgction-—
ﬁgFthe 111usory sensation of se]f motion resulting from rotation of the visual
field--was determined. SubJects were seated in the center of a rotatable
'drum whose interior surface was covered with vert1ca1, alternating black

and white stripes. When the drum was rotating with a velocity of 60°/sec,

the subject was requested to open his eyes. Firsts drum motion is reported.

,a~After'an onset 1aténcy gf seye#a] seconds, this percéptiqp is followed by
the sensation of simulzzgeods deceleration of the drum and a matching
~—gcceleration of self-motion. "After a few more seconds, the drdm appears
iq stop,, and‘tﬁe ﬁybject perceives exc]ﬁsive self-motion or vection in the
direction opposite to drum rotatjbn.j After this stage, the :ubject is
_ 1nstructed to close his eyes, at which time he typ1ca11y reports continued

fee11ngs of self- rotat1on, reféYred to as the aftereffect " The dependent

variables cons1sted of the 1atency of these stages, j.e., the time to onset

of circularvection, the t1me from onset to full c1rcu1arvect1on, and the
'1atency-ofythe aftereffect Circularvection was 1nvar1ab1y experienced.
Neither redUCt1on of the luminance of the striped pattern to 1evels near
absolute scotopic\thresholdanor the maximum induced refractive error»of
more. than 16 diopters (resulting in blurred retinal images) abolished
circularvection ﬁ?‘inf]uenced any of its 1qteﬁcy measures. \\

-
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CIG Implicdtions: These results suggest that the Tuminance of CIG displays

will not be critical in determining whether an observer will expe?iénce

s

self-motion. Luminance levels need not be considered at all for this - )
purpose. It also follows that ifferences in idminance levels between
the flight simulator and actual flight will hot lead to quantitatfﬁe
differenc;; in degree or velocity of self-motion.. The quality 6f

image resolution also will not affect self-motion in tie simulafor.

we , 317
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Sullivan, G. D , K. Oatley, and N. S. Sutherland. Vernier acuity as

affected by target length and separation. Perception and Psychophys1cs,
_1972, 12(5), 438-444. - ' ,

Key Word: Vernier acuity. . . , o

The threshold for vernier acuity (sensitivity to misa]ignment of
1ine segmentsj is about 2 sec‘of_arc under optimal conditions. This
sensitﬁvity is very fine indeed, even much less than the diametgr.‘- a
fovea1 cone. Vernier acuity was measured for vertical lines of d1§%§rent
1engths, the threshold was a1most as good for the shortest st1mu11 fsquares, '
1 min 20 sec) as for. the longest (rectang1es, 21 min 20 sec x 1 min 20 sec).-
For all subjects, the threshold was the same when a b]ack hor1zonta1 ‘
separating ]1ne was present to f111 the gap between the two rectangles
and when the gap between the two rectang1es was empty. The exception to
this finding was that the threshold was}e1evated when a separating 1ine
was used-with the shortest rectangles. "When dots instead of rectangles

~

were used as vernier targets, the threshold for the two dots, measured in
terms of minimum detettab1e 1atera1 offset, increased when the vertical .
separation betweén the dots increased. For one subject, the thresho]d
linearly increased to a maximum of about 13 sec of anc for a dot separat1on
of 20 min of arc; another subject's thresho]d atta1néd about 17 sec of arc
for a 10 min of arc separat1on. A final subJect 1eve1éd at a thresho]d

of about 10 sec of arc.

CIG Implications: The findinos indicate that the length of the contours

continued across monitors will not affect the observer's-sensitivity, to

contour m1sa11gnment. However, for any contour 1ength observers will be

H

s
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able to detect the most miniscule misalignmeht between dispTlays. This

conclusion will be modified somewhat depend1ng on the spatial gap between

2 -

the monitorsdisplays. The greater the gap between the monitors, the less,

the”sensitivity to misa]fgnment’ But even when large gaps are present

sensitivity to m1sa11gnment will still be very good.

~
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Wist, E. R., H. C. Diener, J. D1chgans, and T. Brandt. Perceived
distance and the perce1ved speed of self-motion: linear vs.
angular velocity? Perception and Psychophys1cs, 1975, 17(6),
549-554.

.-Key Words: Circularvection;.self-motion; velocity percept1on,
. . distance percept1on

>

An experiment was performed in which subjécts'ggt }n an upholstered

chair fi;ted with a head support so that the distance of the eyes from a
cylindrical screen was equai to the screen's radius of curVaturg. An
optokinetic simulator projected a regular moving pattern-of black an?
whitéﬂgtribes onto the screen. One of two filter densities covered one
eye in orde; to var} perceived absolute dis;anée of the moving stimulus

from the subject. Two stripe velocities were employed. The perceived
distance of the moving stripes,and the subjective speed of se1f:hotion
wete determined by means of a magn1tude estimation technique. | Upon
exposure to a given optokinetic stimulus, the subjects typ*]y experi-
enced object-referred motioq~for several secohds, followed by a brief
period of mixed self- and object-referred motion. The subjects experi-
enced a pure se1€-referred motion after about 5 sec,.after~which they'
made their magnitude estimates. Although perceived spéed of rotary sq]f-
motioneincreased wjth the angular speed of the sur;ound, it was also found

that with the angular speed of the'visua1 surround held constant, the per;

ceived speed of rotary se1f—motioA\increased linearly with incrgasin@ per-

4

ceived distance of the surround.




- CIG Implicatiohs- These findings h1gh11oht the 1mportance of "adequate cues y

' A
« 7 to absolute distance in producing impressions of self- m0t1on in simulators

) . “

that use CIG d1sn]ays If cues to distance are amb1ouous or reduced com-
pared to those in the everyday visual wor]d, 1ndependent evidence suggests
that*ﬂ1stance underestimation re]ative to real-worhddistance perception .

will resu]t A consequenc of this fact is that the perceived speed of

self- mot1on will beless inm the simulator than in the actua] cockpa#t

[}

environment.
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B.12 HYBRID DISPLAY AND UPDATE '
- In many CIG d1sp1ays, the runway 11ghts and other ca111graph1c}
representations overlaid on the raster format appear as multiple 1mages
The explanatien for this multiple-image phenomenon 1s,djscussed in the

M following summaries. . 5

.o
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Braunstein, M. L., and 0. F. Coléman. Perception of temporal.patterns as
'spatial patterns -during-apparent movement. - Proc. .of ,the 74th Annual

Convention of the American Psycho]og1ca1$Assoc1atTon, 1966, 69-70.

.Key Words F11cker fus1on, apparent movement multiple-imaging effect

The mu1t1p1e 1mag1ng effect was Hemonstrated in an experiment which
used three different 96-frame 8-mm_f11m sequences disp]ayed at 54 frames/ -
sec. The sequences showed a white dot against a dark background. After
every third frame, the dot's position was changed By an amount equal to
eight times its diameter. In Type I the dot appedred, before each position
change, on the first frame.but not on the second or third frames, in Type
IT the dot appeared in the samé position on the f1rst and second frame,
but did not appear on the third frame; in Iype.III@the dot appeared in the
same position on three successive frames. Af] observers reported seeing
c]usters of one, two, and three dots 1n apparent mot1on to sequences of
Types I, II, and III, respect1ve1y All observers reported the dot separa- -
tion as-equal to or less than the w1dth of the 1n61v1dua1 dots. In a
second exper1ment it was shown by us1nq d1fferent1y colored dots that the: -
Pperceived spat1a1 order of the mu1t1p1e images corresponds t; their tenpora1
order of presentat1on Finally, an 1ncrease ih the t1me rnterva1 between
two presentat1ons of a dot in the same pos1t1on resu]ted 1n an increased
zfapparent separation between'the dots W1th1n a,cluster. ‘
CIG Implications: The results c1eén1y'demonstrate that thenprobiem_of
'h multiple images of runway lights which occurs in some CIG disp1ays is- .

caused by the ﬂﬁﬁaté rate being slower than the refresh rate - The sﬁa1fer

the update -rate/refresh-rate ratio, the more ser1ous the problem.in terms -
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of the number of multipie images., An increase’

a concomitant increase in update rate should reduce blur by decreasing the .

in*the.réfresﬁ rate without
. ' N

spatial separation of the images,. but will not eliminate the probiem. The

problem can only be eliminated by increasing the updite rate so that it is
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Burr,D. C. Acu1ty for apparent vern1er offset. "Vision Research, 1979,
19 835-837. . R

P

"Key Words: Apparent movement flicker fus1on, mu]tip]e-imaging effect;
vernier acuity |

™
4 L o

Observers viewed*an apparent]y moving vertical bar; displayed
.sequentially for-50 msec periods at a series-of~distreﬁ?1%sitions at 25
msec intervals between successive stat1ons on an oscilloscope facex Under
these cond1t1ons, the vertical ba; appears to.move past,stat1ons and
across the spaces between them, s1mu1at1ng real motion. Mhen the p]ottin§
sequenoe was-suoh that the upper hatf of the bar was a]ways displayed
) s]1ght1y befbre “the lower (10 ‘msec),’ the_bar appeared: to be broken and
offset at the m1dd1e, with the’ upper segment 1ead1ng _the. lower (although . .
they were actualty: displayed at 1dent1ca]»hor1zonta1 positions). To [ °*
measure apuity'for qetectjng vernier offsets produced in this waw, a .
.forced choice paradigm was used in which~observers were reouired to <«

' tdent1fy the direction of the apparent offset of top to bottom segment

The segment Pairs were again d1sp1ayed at the same poS1t1on w1th vary1ng
temporal offsets.- Using the criterion of 75% correct identification,
acu1ty for the two observers for témpora] offset was 11 and 12 8 sec of
arc: The temporal deyays cq;respond1ng to the minimum detectab]e apparent

offset were \.9 and 2.2smsec. ~ .' ) -

CIG Imp1ications' The cond1t1ons of this exper1ment are comparab]e to those

°1n CIG d1sp1ays in which the update rate 1s slower than the refresh rate.
In the latter, the effect 1s seen as multiple images of runway 11ghts

Other research 1nd1cate§ that the problem may be. m1n1m1zed by 1ncreas1ng
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the refresh rate without increasing the update’réte, which resulys ina
smaller spatial separatibn\between multiple images.  This study shows that,

in the cdse of line segmeﬁts, multiple images would remain detectable for

refresh rates of\hp to 500 frames/set."Thus, increasing only the refreéh :.

-

> . -
rate will not alleviate the problem. - ' ..
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