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Abstract. In stereo vision, the measurement of depth perception remains an en-
igmatic question. On the basis of geometric optics, numerous hypothesis and 
mathematical formulations have been proposed for explaining the mechanism of 
depth perception responsible of vertical exaggeration, although none of them 
have shown to be entirely satisfactory. We believe that stereo vision is not 
merely determined by geometry elements but also by mental factors that interact 
through a psychophysical process. Our initial observations refer to stereo-
drawings that suggest a logarithmic correlation between real depth (stimulus) 
and perceptual depth (sensation), according to the psychophysical Fechner’s law. 
On this new approach, experimental data is being obtained in order to determine 
the Fechner’s constant for the sensorial modality of stereo vision, and to estab-
lish the logarithmic equation that rules the stereoscopic relationships between 
real and sensorial space. This equation might involve possibilities for techno-
logical developments, and it is the next step of our current research.  
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1   Introduction 

The theme of stereoscopic depth perception has called the attention of many investi-
gators, particularly concerning the geometry of the stereo-model perceived in the 
observer’s mind. Normally, the vertical magnitudes of the perceptual image do not 
keep proportionality with those of the real object. For example, in the stereoscopic 
observation of aerial photographs, it is well known that the stereo model is viewed 
vertically exaggerated compared to the actual terrain. The problem of measuring this 
vertical exaggeration lays on the fact that no method for scaling depth impression has 
been developed. It is generally accepted that stereoscopic depth impression increases 
with parallax, but no mathematical equation connecting these two variables is still 
known. Upon the basis of geometric relationships apparently existing between real 
object and perceptual stereo-model, different mathematical equations for vertical 
exaggeration have been proposed [5][7][8][9][10][11][12][17][18][19][20], though 
none of them has received general acceptance. It looks as if geometric optics had not 
been an appropriate approach in the search for a solution.  
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Such a controversial situation concerning depth perception and vertical exaggeration 
has provided reasons for the perceptual stereo-model to be considered as a “mystery” 
[2], and the search for determining its vertical exaggeration to be regarded as a “Quix-
otic effort” [20]). It has been observed that an atmosphere of skepticism seems to have 
caused a stagnation of the investigations in this field [16]. Indeed, since long ago the 
purely geometric approach to stereo vision has fall in an evident sterility.  This is the 
reason for no recent literature to have been produced on this field. 

From a different point of view, we have been working on the hypothesis that the 
real 3D model becomes a visual stimulus able to produce a sensation in the form of a 
perceptual image. In other words, the stereoscopic vision is not a simple matter of 
geometric optics but a problem connected with a mental process. Therefore, the solu-
tion to this problem should to be searched in the field of psychophysics. 

2   Stereovision from the Geometric Point of View 

2.1   Monocular Vision  

According to geometric optics, the human eye behaves as a camera. Its crystalline 
plays the roll of lens, and its retina acts like a film where images are recorded and 
transmitted to the brain. From experience it is assumed that the retinal image provides 
an exact mental reproduction of the object shape at a given scale (Fig.1). This corre-
spondence between retinal image and object shape, which is valid in monocular  
vision, it is not so in stereovision. In this last case, 3D objects are perceived deformed 
in their third dimension. 

 

Fig. 1. Monocular vision 

2.2   Binocular Vision 

In this case, 3D objects are perceived through a pair of retinal images which are 
transmitted to the brain, where they are fused and converted into a mental 3D model. 
Because of the eye separation, the two retinal images are not identical but show small  
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disparities (parallaxes) which vary directly with object heights. Certainly, parallax 
becomes the key to depth perception. It is well known that two plane views of a 3D 
object contain geometric information enough for the object to be reconstructed in its 
three dimensions. This is just the golden rule of photogrammetry. Therefore, it sounds 
reasonable to imagine that human brain acts like a photogrammetrist who builds a 3D 
model out of two plane retinal images. In Fig 2, natural stereovision is illustrated by 
showing how a three-dimensional object represented by a pyramid, is viewed and 
perceived in the brain.    

 

Fig. 2. Natural stereo vision 

2.3   Artificial Stereovision 

Artificial stereovision is performed when a three-dimensional object, instead of being 
viewed directly, is perceived through a pair of plane images. A typical example is the 
stereoscopic observation of aerial photographs. Fig. 3 illustrates the three-dimensional 
perception of an area of land by stereoscopic observation of a pair of aerial photo-
graphs taken form two positions of the plane. In this instance, what the observer 
views is a terrain model formed geometrically by intersection of optical rays. The 
characteristics of such geometric model depend on the geometry under which photo-
graphs were accomplished, and also on the geometry of rays under which photographs 
are observed.  
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Fig. 3. Artificial stereo vision 

2.4   Vertical Exaggeration 

The concept of vertical exaggeration is crucial for solving the problem of depth per-
ception, for it represents the ratio of perceptual depth to real depth. In a geometric 
sense, vertical exaggeration is defined as the ratio of vertical scale to horizontal scale. 
Due to the fact that investigations on artificial stereovision have normally been lim-
ited to the standards of pocket and mirror stereoscopes, it is normal that the geometric 
model shows an exaggeration in its vertical scale, a reason for which the expression 
“vertical exaggeration” has been coined. However, the term “exaggeration” may  
result confusing for it does not necessary means an increase of vertical scale. There 
may be cases in which the geometric model shows no exaggeration at all, that is, its 
vertical exaggeration is equal to 1, or even it may be vertically flattened rather than 
exaggerated, which means that its vertical exaggeration is less than 1.   

2.5   Ambiguity Related to Vertical Exaggeration 

In the geometric approach to stereovision, there has prevailed the tendency to believe 
that the geometric model is equivalent in shape to the mental one, and that conse-
quently both models would share the same vertical exaggeration. This erroneous  
belief has caused an ambiguity in the use of the term “vertical exaggeration”, and 
creates the convenience of differentiating the vertical exaggeration of the model gen-
erated geometrically, or geometric exaggeration, from the vertical exaggeration of the  
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model perceived in the observer’s mind, or perceptual exaggeration. In 1956, some 
geometric inconsistencies observed, such as the lack of convergence under which 
stereovision can be obtained, created the suspicion that we do not see the outside 
world but or mental impressions [14]. This apparent inconsistence was explained by 
the fact that such a divergence does not affect the stereoscopic fusion of images in the 
brain [15]. 

The belief that the external model we see would correspond in shape to what  
we perceive in mind, led several authors to the development of mathematical formula-
tions for determining vertical exaggeration. However, although none of them has been 
valid for measuring the mental model, there is no doubt that most of them are per-
fectly applicable to the geometric model. Certainly, the calculation of the geometric 
exaggeration is a simple procedure frequently explained in textbooks. The question 
changes when it deals with the exaggeration of the mental model, or perceptual exag-
geration, which continues being an enigma. 

Normally, authors who have used stereoscopes in their observations report the 
mental image to be perceived vertically exaggerated [5][7][8][9][10][11][14][17][18] 
[19][20]. On the contrary, an excellent study [13] based on a neural approach through 
natural stereovision suggests rather a vertical flattening of the mental image. In our 
opinion, such apparent discrepancy is due to the effect of viewing distance, taking 
into account that those who used stereo lenses where able to view at a shorter dis-
tance, in comparison with those who applied natural stereo vision. It is also important 
to note that the use of a stereo-pair allows a constant parallax to be used at different 
distances, while in natural stereovision parallax decreases with viewing distance. It is 
interesting to note that, although vertical stereoscopic perception is determined by 
binocular disparities, no explicit neural response connected with the perception of 
depth has been observed [1]. 

3   Stereovision from the Psychophysical Point of View  

In the authors’ opinion, stereoscopic perception is influenced both by geometric and 
mental factors. The mental model represents a visual sensation determined by the 
stimulus of the object being observed. Such an object may be either a real model in 
the case of natural stereovision, or a geometric model in the case of artificial stereovi-
sion. This feature establishes a psychophysical connection between image (sensation) 
and object (stimulus), according to the logarithmic Fechner’s law [3], which estab-
lishes that the intensity of the sensation is proportional to the logarithm of the corre-
sponding intensity of the stimulus that is 

R = KLogS (1) 

Being R the intensity of sensation (perceptual depth), K a constant characteristic 
for each sensorial modality, and S the intensity of the stimulus (real depth). 
The validity of the Fechner’s law has been recognized not only in humans but also in 
animals, like insects [12]. Electrophysiological evidences have shown some retinal 
cells to be logarithmically related to stimulus intensity [4][6].    
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4   Graphic Indication of Psychophysical Relationships in 
Stereovision 

Figs. 4 and 6 show two stereo-pairs to be viewed with the aid of a pocket stereoscope. 
For the case of no stereoscope availability, these two stereoscopic images are repre-
sented in perspective (figures 5 and 7 respectively). In both, stereoscopic and perspec-
tive figures, a 4cm squared base pyramid showing 8 levels of depth sensation can be 
seen. Level 1 corresponds to the pyramid base, and level 8 to its vertex. Each of these 
levels is located at a parallax interval of 1mm.  At first glance, in can be observed 
that, although parallax is constant (1mm) for the eight levels, the level intervals are 
not perceived to be equal but they seem to decrease upwards. At this point it is impor-
tant to note that, according to geometry, real depth intervals are directly proportional 
to parallax. However, this proportionality which is valid for the real space, does not 
look to be so for the perceptual space, where equal parallaxes do not yield equal depth 
sensations or perceptual depths.  

 

Fig. 4. Stereo-pair showing non-linear correlation between depth perception and parallax 

In Fig. 4, an arithmetic scale, 4cm long, is placed on line AB. Straight lines con-
necting level points on line AC with equal intervals in the arithmetic scale AB, are 
drown. When viewed stereoscopically, these lines do not appear to be parallel, but 
rather they show a slight divergence in depth. This is another indication that equal 
parallax intervals do not yield proportional depth sensations, and that perceptual depth 
is not connected linearly either with parallax or with real depth.  

In Fig. 6, the arithmetic scale showed in Fig. 4 was replaced for a logarithmic one, 
representing parallax logarithms. The process followed in the calculations is shown in 
table 1. The parameter of proportionality C required for fitting a logarithmic scale into 
line AC, 4cm long, was calculated by dividing the higher logarithm value of 1+∆p 
(0.255) by 4.  In order to handle logarithmic numbers grater than one, parallax inter-
vals were taken from a point of origin equal to 1. If the logarithmic scale AB is corre-
lated with the perceptual scale AC by means of straight lines, these lines show up as 
parallel in the perceived stereo model. Such a parallelism would indicate that  
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Fig. 5. Perspective representation of Fig 4 

 

Fig. 6. Stereo-pair showing logarithmic correlation between depth perception in parallax 

 

Fig. 7. Perspective representation of Fig 6 

depth sensation varies proportionally to the parallax logarithm. Since parallax is a 
linear function of real depth, it follows that perceptual depth (sensation) varies pro-
portionally to the logarithm of real depth (stimulus), according to the psychophysical 
Fechner’s law (Equation 1). 
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On the assumption that the Fechner’s low is valid for the stereoscopic vision, as  it 
is for many other sensorial modalities, we are working on collecting experimental 
data which will allow us to correlate real depth versus perceptual depth in order to 
obtain the Fechner’ constant K. We believe that this psychophysical approach will 
yield a mathematical expression for the perception of depth in stereoscopic vision. 

Table 1. Construction of Figure 6 

Level pΔ  (mm) pΔ+1 (mm) ( )pΔ+1log  0.255 / 4  C = ( )pC Δ+1log  

0 0 1.0 0.000 15.58 0.00 
1 1 1.1 0.041 15.68 0.64 
2 2 1.2 0.079 15.58 1.23 
3 3 1.3 0.114 15.68 1.79 
4 4 1.4 0.146 15.58 2.29 
5 5 1.5 0.176 15.68 2.76 
6 6 1.6 0.204 15.58 3.19 
7 7 1.7 0.230 15.58 3.61 
8 8 1.8 0.255 15.68 4.00 

5   Conclusions and Perspective 

The availability of a psychophysical formulation for depth perception would permit 
that the problem of vertical exaggeration and other enigmas concerning the stereo-
scopic vision can be solved.  

As mentioned before, vertical exaggeration is a crucial factor of depth perception, 
for it is given by the ratio of perceptual depth to real depth. In fact, the possibility for 
determining the vertical exaggeration, both in natural and artificial conditions, would 
make it possible, for example, the artificial reproduction of natural stereoscopic  
effects. Consequently, a reliable psychophysical formulation of the stereoscopic phe-
nomenon -which is our primary goal-, might have possibilities for technological de-
velopments. 
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