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Cinéma 3D et géométrie



stéréoscopiestéréoscopie
Mais aussi la parallaxe de mouvement, la profondeur de 

champ, et... la  stéréoscopie

Les indices de profondeur 3D
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The StereoGraphics Developers' Handbook : 1. Depth Cues

Aerial perspective.

Textural gradient.

Interposition.

Relative size.

Light and shade.

Monocular Cues

The monocular, or extrastereoscopic, depth cues are the basis for the

perception of depth in visual displays, and are just as important as

stereopsis for creating images which are perceived as truly three-

dimensional.  These cues include light and shade, relative size,

interposition, textural gradient, aerial perspective, motion parallax and,

most importantly, perspective.  A more complete description of depth

perception may be found in a basic text on perceptual psychology.1

Images which are rich in the monocular depth cues will be even easier to

visualize when the binocular stereoscopic cue is added.

Light and shade provide a basic depth cue.  Artists learn how to make

objects look solid or rounded by shading them.  Cast shadows can make

an object appear to be resting on a surface.

Bright objects appear to be nearer than dim ones, and objects with bright

colors look like they’re closer than dark ones.

Relative size involves the size of the image of an object projected by the

lens of the eye onto the retina.  We know that objects appear larger when

they are closer, and smaller when they are farther away.  Memory helps

us to make a judgment about the distance of familiar objects.  A person

seen at some great distance is interpreted to be far away rather than small.

Interposition is so obvious it’s taken for granted.  You perceive that the

handbook you are now looking at is closer to you or in front of whatever

is behind it, say your desk, because you can’t see through the book. It is

interposed between you and objects which are farther away.

Textural gradient is the only monocular depth cue articulated by a

psychologist in modern times.  The other cues were known and used by

painters by the time of the Renaissance. A textured material, like a grassy

lawn or the tweed of a jacket, provides a depth cue because the texture is

more apparent as the object is closer to the observer.

Aerial perspective is the diminution in visibility of distant objects

caused by intervening haze.  Often, distant vistas will pick up a bluish

haze because of the scattering of red light by the intervening atmosphere.

In thick fog or haze, objects may not be all that distant.
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Motion parallax is a depth cue which can be provided in the visual

world or in moving-image displays, and can be achieved, for example,

through the rotation of an object.  A familiar example of this cue is seen

from a moving car.  Everyone has noticed that telephone poles move past

more rapidly than the distant hills.

Not all graphic compositions can include motion parallax, but the use of

motion parallax can produce a good depth effect, no matter what the

spatial orientation of the axis of rotation.  This axial independence

indicates that motion parallax is a separate cue from stereopsis.  If the

two were related, only rotation about a vertical axis would provide a

depth effect, but even rotation around a horizontal axis works.  The point

is made because some people think stereopsis and motion parallax are

manifestations of the same entity.  Motion parallax — as in the rotation

of an object, for example — is a good cue to use in conjunction with

stereopsis because it, like other monocular cues, stresses the stereoscopic

cue.  However, details or features of rotating objects are difficult to study.

Perspective, sometimes called “geometric,” “rectilinear,” or

“photographic” perspective, is the most important extrastereoscopic

depth cue for our purposes, since it scales the stereoscopic depth cue.2

Computer-generated images with a strong perspective cue look deeper

and may be easier to view, as we shall learn in later chapters.  Perspective

is the relationship between foreground and background objects.  If it is

exaggerated, or if there are perspective cues such as lines receding to a

vanishing point, the image’s depth will be enhanced.

Depth Cuing is the name of a technique used in computer graphics.

Depth cuing reduces the intensity of the object in proportion to the

distance from the viewer.

Summing Up

Monocular depth cues are part of electronic displays, just as they are part

of the visual world.  While the usual electronic display doesn’t supply the

stereoscopic depth cue, it can do a good job of producing a seemingly

three-dimensional view of the world with monocular cues.  These depth

cues, especially perspective and motion parallax, can help to heighten the

stereoscopic depth cue.

Depth cuing.

Perspective.Textural gradient Aerial perspective Perspective

Fig. 1 Six monoscopic depth cues (from [60]). The seventh is motion parallax, which is hard to
illustrate, and depth of field can also be considered as a depth cue (see Fig. 3).

distance of 3m, a depth of field of ± 0.3D, means that the in-focus range is from
1/( 1

3 + 0.3) ⇥ 1.6m to 1/( 1
3 � 0.3) = 30m, whereas at a focus distance of 30cm,

the in-focus depth range is only from 27.5cm to 33cm (it is easy to understand from
this formula why we prefer using diopters rather than a distance range to measure
the depth of field: diopters are independent of the focus distance, and can easily be
converted to a distance range). This explains why the photograph in Fig. 3 looks
like a model rather than an actual-size scene [26]: the in-focus parts of the scene
seem to be only about 30cm away from the spectator. The depth of field range is not
much affected by age, so this depth cue may be learned from observations over a
long period, whereas the accommodation range goes from 12D for children, to 8D
for young adults, to... below 1D for presbyopes.

2.2 Stereoscopy and Stereopsis

Stereoscopy, i.e. the fact that we are looking at a scene using our two eyes, brings
two additional physiological cues [36]:

• Vergence (the angle between the line-of-sight of both eyes);
• Disparity (the positional difference between the two retinal images of a scene

point, which is non-zero for objects behind or in front of the convergence point).

These cues are used by the perception process called stereopsis, which gives a
sensation of depth from two different viewpoints, mainly from the horizontal dis-
parity.

Although stereoscopy and motion parallax are very powerful 3D depth cues, it
should be noted that human observers asked to make judgments about the 3-D metric

Lumière et ombre Taille relative Interposition

PerspectivePerspective aérienneGradient de texture



La projection perspective

Albrecht Dürer



Perception 3D et perspective

• A partir d’une photographie ou d’un film 
représentant un point de vue, le cerveau 
imagine la 3ème dimension à partir des 
indices de profondeur

• Si on montre à chaque oeil un point de vue 
différent (stéréoscope, cinéma 3D), le 
cerveau utilise en plus la vision binoculaire
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La disparité binoculaire :
l’essence de la stéréoscopie

• profondeur et disparité sont 
liées

5

Disparité



La profondeur de champ comme indice de profondeur :
Maquette ou taille réelle ?
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Conflit d’indices de profondeur
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• Les 9 indices peuvent donner des 
indications opposés sur la 
géométrie de la scène

• Avec le pseudoscope qui 
inverse l’oeil droit et l’oeil gauche, 
les objets proches ont l’air encore 
plus grands :
• grands dans l’image
• la profondeur perçue par 

stéréoscopie est inversée et 
indique qu’ils sont loins

• grands + loins = très grands !

William Hogarth,  1754



Conflit avec la perspective :
la chambre d’Ames
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Utilisée dans Le seigneur des anneaux,
Eternal Sunshine of the Spotless Mind...
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Une chambre d’Ames portable
comment calculer les dimensions ? (un exercice pour les vacances ?)

œilleton



Conflit perspective/stéréoscopie:
Coraline 3D

10

Coraline (H. Selick & P. Kozachik)

2 points de fuite dans la même scène 3D



Conflit perspective/stéréoscopie:
Coraline 3D

10

Coraline (H. Selick & P. Kozachik)

2 points de fuite dans la même scène 3D
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Conflit perspective/stéréoscopie:
Coraline 3D
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Coraline (H. Selick & P. Kozachik)

2 points de fuite dans la même scène 3D



Des caméras 3D : petites...



...et grandes !



Utilisation d’un miroir semi-transparent pour 
« rapprocher » les caméras



Quelques définitions

• Plan de l’écran ... pour le spectateur

• Plan de convergence ... pour les caméras

• Cone 3-D

• Interoculaire

• 65mm en moyenne pour les yeux

• >65mm : hyperstereo / miniaturisme

• <65mm : hypostéréo / gigantisme

• Convergence

14



Paramètres géométriques

Z

H

W

b

caméra écran

b

H

W

Z

d

interoculaire 
caméras

interoculaire 
yeux

distance de 
convergence

distance de 
l’écran

largeur du 
plan de 

convergence

largeur de 
l’écran

prof. réelle prof. perçue

disparité (fraction de W)disparité (fraction de W)

dW
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Les triangles ABC et ADE 
sont homothétiques, donc :

qui peut être réécrit en

ou

Calcul de la relation entre
Z et d : merci Thalès !

Z

H

W

b

dW

A

B C

D E

Z �H

Z
=

dW

b

d =
b

W

Z �H

Z

Z =
H

1� W
b d



Profondeur réelle vers 
disparité

Z

H

W

b

dW

Exemple de configuration des caméras :

d =
b

W

Z �H

Z

b = 15cm,
W = 300cm, H = 600cm

Z = 1000cm

=) d = 0.02



Disparité vers profondeur 
perçue

Z

H

W

b

dW

Exemple de configuration de l’écran :

Z =
H

1� W
b d

d = 0.02

b = 6.5cm,
W = 130cm, H = 210cm

=) Z = 350

La profondeur perçue dépend de tous les paramètres !



• Se simplifie si               :

•Plus H’ (distance à l’écran) est grand, plus 
Z’ (profondeur perçue) est grand, donc :

•L’effet « 3D » est plus important au fond du cinéma
•Au premier rang, tout parait plat !

Profondeur réelle vers profondeur perçue: 
Une relation compliquée !

W

b
=

W �

b�
Z � = Z

H �

H

Z 0 =
H 0

1� W 0

b0
b
W

Z�H
Z
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Quand on change b (interoculaire des 
cameras), que se passe-t-il ?

hypostéréo

hyperstéréo 6,5cm

12,5cm

0.5cmprof. réelle

pr
of

. p
er

çu
e
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Démonstrations

• Effets des paramètres de prise de vue sur la 
profondeur perçue par stéréoscopie (les 
autres indices jouent aussi !)

• Showreel de Céline Tricart (Binocle)
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