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Résumé (frangais) :

Les technologies de relief tridimensionnel (3D) o&temment recu un nouvel attrait. Les
raisons potentielles sont que ces technologiesgmtuournir une expérience visuelle plus
riche et plus immersive. En effet, un observateemtpextraire les disparités binoculaires
présentées entre les vues gauche et droite, pwauaver plus efficacement la profondeur de
la scene visuelle observée, et ainsi, trouver uoevelle dimension dans le contenu.
Cependant, tandis que la valeur de la profondeuplet bien appréciée, un certain nombre
de problemes qui impactent la qualité de I'expémedans les représentations 3D ont été
identifiés. L'objective de cette thése est d’étudies principaux facteurs qui affectent la
qualité de I'expérience en stéréoscopie dans ledbufiournir des méthodes qui pourraient
améliorer l'utilisation des systemes stéréoscoqueois aspects majeurs de la qualité de
I'expérience sont adressés : (1) les sources asesatle la fatigue visuelle, (2) les distorsions
perceptives et (3) 'amélioration de la qualitél'depérience en 3D au travers de I'adaptation
du contenu visuel. Pour étudier la fatigue visyeléss mouvements de vergence étaient
mesurés a la fois avec un écran 3D et avec unmsgséédouble écran qui permettaient la
présentation de stimuli avec les informations dpdiité et de flou présentés en congruence
comme en incongruence. L'effet de la stéréoscopieles mouvements de vergence a été
étudié dans le but de tester si la mesure ocupmitevait étre utilisée comme indicateur de
fatigue visuelle. Le sujet suivant étudiait la detence de la perception des formes 3D
stéréoscopiques en fonction de distances virtueliégites par la disparité et par le signal
d’accommodation. Le rble de la taille de la pupide de la profondeur de champ en
stéréoscopie étaient étudiés par la manipulatiola t&ille de la pupille avec deux conditions
d’illumination contrdlée. Finalement, 'amélioratiode la perception de la forme 3D est
guestionnée au travers de l'adaptation du contésuelken fonction de la mesure de seuils

perceptifs individuels pour des stimuli se déplaganprofondeur.

Mots clés (francais) : perception, 3D, stereoscopy, qualité d’expérience, accommodation,
convergence, mouvements oculaires, psychophysique
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Title: Understanding and improving the Quality of Experience in 3D media perception

Abstract:

Stereoscopic 3-Dimensional (S3D) technology hasntg received growing attraction,
potentially because it provides a more informatwa more immersive visual experience.
Indeed, the viewer may extract the binocular disieardisplayed between the left and the
right views, more efficiently retrieve the depthtbe observed visual scene, and thus, give
visual content another dimension. However, while #dditional value of depth is rather
appreciated, a number of problems have been rdisgdmpact the Quality of Experience
(QoE) in S3D representations. The objective of thesis is to investigate the main factors
affecting QoE in stereopsis in order to providedglines towards the improvement and
further use of stereoscopic systems. Three maiaectspf QoE in S3D are addressed: (1) the
sources and causes of visual fatigue, (2) the parakdistortions arising in S3D and, (3) the
improvement of S3D QoE through content adaptatibm. study visual fatigue in S3D,
vergence eye movements were measured both in S}iagiand in dual-screen display that
enables the presentation of matched disparity afocds stimuli. The effect of stereopsis on
vergence movements was studied so as to test whedhgence tracking can be used as
indicator of visual fatigue. The next topic invesiied the consistency in stereoscopic 3D
shape perception as a function of vergence distandeaccommodation distance. The role of
the pupil size and the depth of focus in S3D weraluated by manipulating the pupil
aperture with two controlled lighting conditionsin&lly, the improvement of 3D shape
perception is addressed through content adaptamrording to individual perception

thresholds measurement for motion-in-depth stimuli.

Keywords: perception, 3D, stereopsis, quality of experience, accommodation, vergence, eye
movements,psychophysics
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Introduction

The new wave of stereoscopic movies has stimulaedovel interest regarding the
understanding of stereopsis. The most interestimgfribution of stereoscopic movies is
certainly the introduction and, somewhat trivialiaa of motion in depth in natural visual
scene rendering (e.g. the famous commercial fat grums). In stereoscopic movies, motion-
in-depth is reproduced on the basis of the cominnaif stereoscopic depth and simulated
motion. These two techniques of simulation havenbeeented independently in the middle
of the 19th century. This is only with the advao€enotion pictures that the first stereoscopic
movies are born in the beginning of the 20th centur

A second contribution of this new generation is ddgance of technology. The new buzz of
stereoscopic films in theater has strongly bengfftem the disappearance of anaglyphs
systems in spite of the persisting need to weassg& This enthusiasm had led the
entertainment industry to transfer the stereoscemema movies to formats adapted to
3DTV. Many modern TVs are now 3D compatible, evhaugh the available number of
broadcasting 3D media did not really extend.

At the beginning, this thesis work was thus para@DTV project. This explained why we
used 3DTV instead of stereoscope and why we plabsdrvers at viewing distances larger
than those of previous studies on stereoscopichdepiception. As the title suggests, the
objective of this thesis was to improve the underding of the specificities of stereoscopic
perception and systems that may impact the visysreence. From this better understanding,
it will thus possible to derive the guidelines thay improve the stereoscopic experience.

This thesis is a set of reports (sometimes of vgoitkmitted to scientific journals) preceded by
an introduction which objective is to introduce tkey concepts for the understanding of
human factors involved in stereopsis and to exphat psychology as a science may do for
improving the quality of experience in stereoscapgplays. A conclusion is proposed at the
end of this thesis to summarize the findings ararthossible use in stereoscopic imaging

systems.
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Chapter 1: Introduction

1.1 Visual information for depth perception in human
vision

How humans see and understand their visual worltl aspecially, what information is
needed to estimate the metrics used for visuakpéion is of major concern for who wants to
address the quality of experience in 3D imagingldigs. In order to understand perception, it
is worth describing the visual environment andciisistituents. This introduction part will
describe the information available within the eowment, what is monocular or binocular,

the viewing geometry and, the special case of hiloaisparity.
1.1.1 The sources of information

Information for perception is of pattern of stimiida from sensory input that is demonstrably
used by an observer (Cutting, 1991). In this, &rdison can be made between the physics of
natural situations and the pattern of stimulapense. Koffka (1935) introduced the classical
formal distinction between the energy emitted byreflected from some object in the
environment — the distal stimulus — and, the enehgy reaches the senses — the proximal
stimulus. The act of perceiving can thus be defiagdhe process of inferring the properties
of the distal stimulus on the basis of the proxistahulus (Koffka, 1935). Perception appears
thus strongly based on the information from thedtrre of the environment. In nature, this

flow of information may be considered as rich, aigad and meaningful (Gibson, 1979).

The information related to the spatial extent & surrounding world is certainly one of the
most relevant for the human visual system. Thentiateinformation that is available for the
visual system is often labeled a “cue”. This temused in literature to make mention of the
available information in the surrounding world, benplicitly assumes that the observer has
prior knowledge about the features he/she encaumtehis/her environment (Cutting and
Vishton, 1995). According to Woodworth (1938) thee¢is a stimulus which serves as a sign
or signal of something else, the connection hayireyiously been learned”. For Brunswik

(1956), a cue consists in a visual pattern or $etisual relations about which one have
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obtained experience. Each proximal depth cue icested with a particular distal
arrangement of objects whose association occuils avigiven probability (Cutting, 1998).
More specifically, Ernst and Bilthoff (2004) chaeatze the cue as “any sensory information
that gives rise to a sensory estimate” which ingplieat a cue is a part of the proximal
stimulus that has already been identified and poegssed. It is important to note this term
may be interchangeably used with others like sign&rmation, source of information and

evenclues.

Among the flow of information, the most importanayby which humans obtain knowledge
about the world is vision. As multiple cues canpb@jected onto the retina, the visual system
can also make use of non-visual information, drgm oculomotor activity; this consists in
the distinction between retinal and extra-retimbimation. A number of visual information
can be listed to account for visual perception ept in three-dimensional space. For
instance, Cutting and Vishton (1995) described isd\aources of information among others
that are obviously useful for understanding layand shape in the environment; their
efficacy in mediating distance information are foany of them distance-dependent (Cutting,
1997). However, all of these cues do not providedghme sampling unit when sensed by the
visual system and, therefore some provide ordinfdrination while other yields metric
information about the world; these values are eitktative or absolute. The redundancy of
such sources of information provides the way bycWhndividuals can efficiently interact

within the environment.

It is broadly acknowledged that past experienceiclinence present perceptual experience;
l.e., perceiving is also remembering (Gibson, 1928)a matter of fact, prior knowledge or
assumptions about the environment can influenceptreeptual solution in various cases
(Mamassian, 2006), i.e., when observers have tgejuchcertain information or even when
they have to combine multiple cues available inrible environment (Hibbard et al., 2012).
Hence, the perceptual systems enable individualse&their surrounding world as stable,
although the sensory information reaching the semsmght be incomplete, uncertain and
constantly changing. This is specifically the cageen perceiving drawings and pictures, for
example drawings on a two-dimensional flat surfed has to convey information about the

three-dimensional structure (see Figure 1.1).
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OO D E

Figure 1.1Depiction of four different cubes where occlusierspecified by different mod:
of intersection of the same lisegments. From left to right: (1) Opaque surfacdec(2)
Opaque sheets of a hollow body, (3) Anomalous aiafuleading to contradictol
impression and, (4) Transparent cube leading taguobs impression due to reversibili

Figure from Gibson (1979, p290).

1.1.2Depth from monocular and binocular informa

Humans have frontally located eyes allowing thetequerception of shapes and obj
positions without requiring head or body moveme— contrary to motion parallax. Th
frontal binocular inbrmation consists in two slightly different pattemf stimulation that lea
to two overlapping points of view of the surrourgliworld. In that, information from the tw
eyes gives rise to both mismatched and matchedabptiformation. Thus, binoculity
provides both disparity and concordance of thealigiformation to the human visual syst
(Jones & Lee, 1981). In complement, even thouglart be projected onto the retina of b
eyes, there is monocular information availabledepth perceptio However, when speakir
about monocular information, one used to think atiba visual information from one ey
Indeed, there are numerous monocular sources ofnmmaftion that contribute to deg

perception.

The most basic source of depth informatio conveyed by the retinal image size t
physically changes as the distance of the objeah@bs from the observer. Using play-
cards of various sizes, Ittelson (1951) showed tkhitive size can operate as a cue
distance; any change in the assu-size can be perceived as a change of apparenhchs
As a matter of fact, the more the object becometani from the observer, the more
retinal size of the object of interest appears bnfg a consequence, retinal image ¢
becomes a relativeue to distance from the change in size of a sabjecbor when twc
identical objects project different retinal imagees. However, information from retinal si
is strongly related to information of familiar sib®cause objects of particular size n
belong to a category of common objects. Also, netatlensity is a powerful cue to depth
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the way that the projected number of similar tessuor patches per solid visual angle varies
progressively with distance (Cutting, 1997). Thasaiparticular case of texture gradients that
Gibson (1950) was the first to notice as providigyal information about surface orientation
and depth. At close viewing distances, the blus@néin the retinal image due to defocus can
play a role in judging ordinal depth relation (elgoffman & Banks, 2010; Mather, 1996) but
its efficient range of distances is very limitecchese the depth-of-field rapidly increases with
distance. Blur can however be used in photographmsctures so as to create potent illusion
of depth as for example in the tilt-shift illusiomnhere pictures of natural scenes are perceived
as miniature models. In addition, extra-retinalomfiation from the activity of the ciliary
muscles controlling the eye-lens accommodationccalgo yield ordinal information about
distance for a range of distances between 10 cengltimctum proximum) to 2 or 3 meters
(Mon-Williams & Tresilian, 2000; Fisher & Ciuffredd988) because only in this range the
changes in accommodation lens are significant emoudgqother monocular source of
information that varies with distance is the heighthe visual field (Cutting, 1997). Height in
the visual field yields information about distartmecause objects further away are generally
higher in the visual field. This refers specifigalb the relation among the bases of objects in
the environment as projected to the eye, movingfiime bottom of the visual field to the top.
The utility of such information is questionable iaglepends on the presence of a ground
plane. However it is apparently used in picturesggtion (Dunn, Gray & Thompson, 1965).
Generally at far distance, aerial perspective dan play a role because of the apparent
reduction of contrast due to solar light scattefiggatmospheric molecules or particles on the
optical path to the object. Two final strong monlacwsources of information about depth
relation are occlusion and motion parallax. Ocduas{or interposition) appears when one
object partially hides another from view and, therenly provides ordinal information but
over a wide range of distances (Chapanis & McCleh®%5). Motion parallax is the kind of
observer movement that induces a corresponding mewe of the image onto the retina.
Generally in case of horizontal translation of teserver (leftward or rightward), the retinal
motion for objects before the fixation point is ogpd to that of objects behind the fixation
point. In addition, there is a relationship betwéaa retinal motion velocity and the distance
of the object in the visual field (Gibson, 1950).

As it can be seen from this nhon comprehensive didgt of monocular cues for perceiving
depth are available in the flow of information. dlbthese monocular cues must be added two
types of potential binocular information, vergeracel disparities. The former consists in the

extra-retinal signal provided by the counter-rataéil activity of the two eyes in bringing the
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gaze axes to the same fixation point. The measturemence is done through the an
between th visual axes of the two eyes; this angle increémesmall viewing distance ar
decreases toward infinity. Contribution of vergerase extr-retinal cue was shown earli
(e.g., Tresilian, MoWilliams and Kelly, 1999; Gogel, 1961) and its ilw@ment ould be
rather precise for distances up to 2 meters (Gd§€1). The second class of binocular ¢
refers to binocular disparities. They are the sligtrizontal and vertical differences that ai
through the projection of the perspective of twiferent points of view. Figure 1.2 gives
example of two pictures taken from two slightlyfeient points of view. When presentec
the visual system, the two inputs provide both simand dissimilar information. In additio
it can be seen that a lot oues are present to render the natural scendr.dépe use o
binocular disparity in depth perception has beetelyi confirmed (e.g., Julesz, 1971) and
understanding of how the human visual system etetthe depth relations from two differe
morocular inputs has fascinated many researchers flan@ time (Howard, 2002). Tt
geometry of horizontal disparity is thus discussethe following subsectio

Figure 1.2: How two pictures from slightly differtepoints of view (upper left and rig

views) give binocular disparity. Upper left and tigictures were taken with a cami
baseline of 64 mm, they are here arranged for dusssn (i.e. left image for right eye a
right image for left eye). The lower image is aresggntation of the twciews by interlacing

them line-byline; this method can be used to display 3D comerda polarized display su:
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as the one used in this thesis. Acknowledgmeniean-Jacques Sacré for the photographs of
Chateaugiron (Brittany, France).

1.1.3 Binocular vision & correspondence: geomefrgarceived depth

When we look at a particular place in the environtnboth eyes receive optical information
through the pupil reaching the retinas. This optictormation is formed of photons, which

before arriving on the retina will cross a thicktiopl system, namely a “thick dual lens
system” formed by the cornea and the crystallims:le=or that reason, the imaging lens
system produces an anterior nodal point and a pastedal point on the optical axis. The

nodal point is the location through which passésha straight lines that join points in the
object plane to their corresponding points in theage plane on the retina (Howard and
Rogers, 1995). These lines are labeled visual kigsn intersecting the center of the fovea
(central region of the retina where visual acustyhe highest) or optical lines when meeting
the optical centre of the eye. This implies that ¥isual axis in focus and the optical axis do
not coincide (see Figure 1.2 below).

TEMPORAL

Optical axis ———>
Visual axis —>

Nodal point "

NASAL

Figure 1.2: Schematic representation of the prmpaif the optical axis and the visual axis in
the human eye. The angle between the visual axishemoptical axis is about 5° on average.
The red dashed line represents the optical axigrenbdiue line represents the visual line
projecting in the center of the fovea. The foveslightly shifted as compared to the

projection of the optical center of the eye onrétena.

When an observer converges forward to a fixatiomtp®, the vergence angle depends on
both the fixation distance and the inter-ocularasafion — on average across observers about

64 mm. When the convergence angle is equal to zeeaning that the lines of sight are
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parallel, both eyes supposedly receive the samieabphformation; the retinal images are
similar. Now, increasing the vergence angle bytingan object located nearer than infinity
will increase the differences between the two edtimages. Differences between the retinal
images of the left and the right eyes are calleddilar disparities. Binocular disparities are
described in three types: horizontal disparitytieal disparity and cyclo-disparity. For each
point in the retina of one eye, there is a corradpgy point in the retina of the other eye.
Specifically, corresponding points in the two eges pairs of points located in the binocular
visual field that are seen in the same directioifligH& Banks, 2001). Hence, images in both
eyes falling on corresponding points have zero difar disparity. There is a combination of
points in the binocular visual field that give rigecorresponding points in both eyes and has
no disparity. This zone is the Vieth-Mdller circlealso called the theoretical horopter —
passing through the fixation point and the nodahisoof the eyes (see Figure 1.3 just below).
Any points located out of this zone will producsgirity on the retinas and the object will be
seen either at a different depth or seen doublecéted away from this zone — objects

perceived as double refer to the term “diplopia”.

The Vieth-Miller circle symbolizes the theoretidabropter that can be computed as a
function of the geometry of the eyes and a givewing distance. The empirical horopter can
be measured according to different methods in ktoy. For instance, Hering (1879)

estimated empirical horopters using a techniquéedalhe apparent fronto-parallel plane
horopter method. The procedure is as follows: th&eoser has to keep fixating on the same
point and align a number of stimuli on either sidehe fixation point so that they all are in a
plane parallel to the subject’s face, i.e. a frgpaoallel plane. Other methods have been
developed since then (e.g., the diplopia basedptero stereoacuity horopter and nonius
horopter). The most accurate method is the nonarspter that is based on the Vernier
technique through dichoptic vision (e.g., usingaeoscope). Here the upper half part of the
line is seen by one eye while the other sees therldalf part. While keeping the same

fixation point, the task is to align the two lineghout fusion (Ogle, 1964).

An object located nearer to an observer than thephter (see example in Figure 1.3, point
P4) creates crossed disparities in the two eyesusecthe visual lines intersect in front of the
horopter. An object located farther than the hagoptoduces uncrossed disparities in the two
eyes because the visual lines cross this time lieyba horopter. The angular disparity
produced by a point P when converging at a fixagmint F can be calculated by the

difference between the convergent angle at F ama@dhvergent angle at P where ar - ap
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(see Figure 1.4). By convention, in this docum#ém, angular binocular disparity is negative
for crossed disparity and positive for uncrossexpatiity.

’’’’’
-

Theoretical horopter — 5
(Vieth-Muller Circle)

Nodal point

Figure 1.3: Schematic representation of the hotadroropter. Here the two eyes converge

on P! that is “fovealized”. Fixation point8', P? andP® have zero retinal disparity as visual
lines fall on corresponding areas in both retitiasse three points have identical convergence

angles equal ta. P* being not on the horopter generates disparitiiéntwo eyes; the angle

of convergence is larger than the on@jP? andP>.

Retinal disparity can also be derived from therhateular differencel], the depth difference

between point P and the fixation pointAd) and the viewing distance between the observer
and point PID) such as:

_IAd
"~ D2+D.Ad

(1.1)

in radians (Howard & Rogers, 1995), assuming thah® F are on the sagittal plane and thus
have no eccentricity.

One can also derive the following equations sooasetiprocally determine the theoretical
depth distance (Adams, 1955):

D, = % for Ds<D (crossed disparity) and), = % for Ds>D (uncrossed disparity) (1.2);

sbeing the unsigned shift size (lateral displaceinent an imaged fronto-parallel plane
situated at viewing distand® (see section about stereoscopy).
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The slight difference produced in the retinal immgéboth eyes when converging can also be
characterized in terms of disparity gradients. #pdrity gradient G between two points in the
binocular visual field is the difference in themgular disparities divided by their separation
in visual angle unit. This concept of disparity djemts is particularly interesting because
fusion can fail when this gradient exceeds a @aliti@lue of about 1 (Trivedi & Lloyd, 1985).
Furthermore, the range of disparities that gives tb object perception with singleness is
called Panum’s fusional area (Panum 1858). In otherds, objects with small enough
disparity that can be fused and seen as singlenfdlanum’s fusional area. Conversely, the
points falling outside this area are seen as douklech is referred to as diplopia. The
angular extent of Panum’s fusional area dependssewreral factors, including retinal
eccentricity, stimulus characteristics and surraogétimuli (Howard & Rogers, 1995). For
example, the limits of fusion have been shown tanflaenced by the spatial frequencies of
the stimulus; low spatial frequencies providingagee fusion capacities (Schor et al., 1984).
Different images falling in Panum’s zone fail toopide fusion but instead exhibit binocular
rivalry, that is, the alternate perception of tiwe images.

Figure 1.4: Schematic representation of

Mlm

D o .
° convergence on fixation point F and the

Fixation paint point P at disparity (difference between

convergence angke- and angleP). D
represents the distance from the cornea of

the eye to the fixation point F, DS
represents the distance to the point P, IOD

is the inter-ocular distance and, s is the

lateral displacement on the fronto-parallel

plane at distance D.

Re
o Py

retinal disparity retinal disparity
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1.1.4 Ambiguity of disparity information & the neéar scaling

Considering space perception as Euclidean and ftner¢hat veridicality is possible, the
perception of depth from stereopsis depends onirngwyeometry and, for that reason is
ambiguous when this information is considered aldémaéeed, the horizontal retinal disparity
between two points depends on the distance bettheenbserver and the points (Glennerster,
Rogers & Bradshaw, 1996). Specifically, the magtetuof horizontal retinal disparity
between any pair of points varies approximatelyersely with the square of the viewing
distance (Kaufman, 1974). Hence, knowing vergemggeaand |, one can retrieve depth in
3D space only if the viewing distance that separ#ite observer from the pair of points is
known. In order to see an object in stereopsis, tlewer thus has to determine an
observation distance acting as a parameter in whigggsambiguation for depth perception.

According to the pinhole model — simple projectggometry in paraxial approximation —, the
depth of a point relative to another one can beutaled using the following formula:

_ n.D?
~ I+n.D

(1.3)

wheren is the relative disparity between the pair of p&iD is the viewing distance (i.e.,
accommodation-vergence distance) and | is the -odalar distance. Note that we
purposefully use the + sign in the denominatorrpleasize the dependence of the value of

depth on the location of the simulated point reato the fixation plane.

For a depth difference of two points located on shene z axis, disparity is given by the
following formula:

_1d
n= D(D+d)

(1.4)

assuming that depth difference d is the differdmet&veen two symmetric vergence angles.

Since d is usually small by comparison to D we get

_1Ld
~E

(1.5)

From equation 1.5, one can see the approximateseveguared relationship between the

disparity of an object and its distance from theesler. Rearranging the equation 1.5 gives:

7.D?
I

d ~

(1.6)

There it can be seen that in order to estimatelémeh differencel, the visual system needs
information about the viewing distanBe The information about the viewing distance can be
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perceived on the basis of visual cues under sonmelibtons described in the following

subsection.
1.1.5 Cues for scaling horizontal binocular disgyari

It has been shown that observers can dramaticafigarceive depth when judging 3D shape
from binocular disparities (e.g., Johnston, 19&Ccording to the results of Johnston (1991),
a disparity-defined hemi-cylinder is perceived clec at intermediate distance (107 cm) but
its depth becomes overestimated (elongated) agi¢heng distance decreases (53.5 cm) and
underestimated (compressed) as the viewing distanaceases (214 cm). This observation
has been interpreted as the consequence of arrant@stimate of scaling distance by the
observer (Johnston, Cumming & Landy, 1994; Johnsi®®1). When asked to match the
depth-to-height or depth-to-width ratio of a hemlitder, participants had to compare the
horizontal or vertical dimension (height or width)th the depth information, and both of

these dimensions need estimate of the viewingruistéo be properly used (Johnston, 1991).
There is experimental evidence supporting the flaat retinal size and disparities can be

scaled according to the same viewing distance Damme & Brenner, 1997).

The information from the state of extra-ocular mesaan theoretically provide an estimate
of the vergence angle to the visual system so agetermine the distance separating the
observer from the fixation point. There is some eskpental evidence that supported this
idea, for example when observers were required utilgg distance in impoverished
environment (Tresilian, Mon-Williams & Kelly, 1999Rogers & Bradshaw, 1995; Foley,
1980) but, other authors found poor performancesrwhergence was the unique cue to
distance (Brenner & van Damme, 1998; Gogel, 1989me authors thus concluded that
vergence information, if involved in perceptualimsttion, could only play a minor role
(Brenner & van Damme, 1998). However, additionakstigators have shown that vergence
could contribute to distance perception in the abseof other cues for rather small fixation
distances (Tresilian, Mon-Williams & Kelly, 1999; avi-Williams & Tresilian, 1998). The
study by Tresilian et al. (1999) also showed angtroontraction bias that had already been
observed earlier (e.g., Gogel & Tietz, 1973). Wpecific distance tendency corresponded to
distance overestimation for near target and digtamderestimation for far target in reduced-
cue environment (Foley, 1980; Gogel & Tietz, 1973),, in the dark (Gogel, 1969). The
specific distance tendency could be related toréiséing tonic state of vergence (Owens &

Leibowitz, 1976) and could have influenced distagsttmates in the previous experiments.

21



Vienne Cyril - Thése de doctorat - 2013

The horizontal gradient of vertical disparity coalldo help observers to establish an estit
of viewing distance Nlayhew & Longue-Higgins, 1982) this is the variation of vertici
disparity with eccentricityVertical disparity exists because points that rawe lying in the
median planedr sagittal plan) will be closer to one eye than the other, resulimdifferent
vertical retinal projections in both eyes (HowardR&gers, 1995). The horizontal size r:
(HSR) and the vertical size ratio (VSR) are repnése: for a surface patch in Figure 1.5.°
HSR changes with the tilt of the surface but is @wbus wherconsidered alone because
the horizontal alignment of the eyes. Considerlmg\YSR, from Figure 1.5 it can be seen-
the vertical angular extent projected in the cl@sey is larger than that projected in the far
eye. There is empirical evider that showed that differential perspec (i.e. the pattern of
vertical disparityis the consequence of perspective viey) could be used to scale binocu
disparities (e.g., Bradshaw, Glennerster & RogE996; Rogers & Bradshaw, 199Vertical
dispaity varies approximately linearly with eccentriciand its horizontal gradient decrea
with observation distance, thereby explaining hawhsinformation may disambiguate 1
estimate of viewing distance (Gillam & Lawergrer98B8). However, this inforration
becomes significant in situations using large fieldriew and, therefore requires sufficien

large display (Bradshaw, Glennerster & Rogers, 1

HSR = a;/ag VSR = [./Pr

Figure 1.5: This figure represents the horizonizd satio (HSR) and vertical size ra

(VSR). Anglesa. andag are the horizontal angles subtended by the patcihédeft and righ
eyes. The horizontal size ratio (HSR) is defineo,/ar. Anglesp. andpr are the vertical
angles subtended by the surface patch. The vesimalratio (VSR) is defined 5 /fr. If the

left eye is closer to the surface than the rigle, élyers >fr.

The ability to estimate the viewing distance wotllds be dependent on actual vergence
and on the size ratios of horizontal and verti