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Abstract 
In this paper, we investigated the properties of 
hypostereoscopic condition in mobile circumstance and 
simulated the main factors to embody an effective presence 
to the reconstructed depth image, which are both the limited 
disparity for fusible stereo and the object space possible for 
quantifying.  
 

 
1. Introduction 

  
The development of integrated circuit technology had 
to be a driving force leading a world in hand which as 
we called the mobile world. In these days, a camera 
system became a very useful tool in our life, which 
has better performance such as higher resolution, 
color expression naturally and so small size. The 
portability is a good advantage of the mobile device. 
The mobile stereoscopy may have the advantage 
which easier to contact stereo environment to us 
frequently than other circumstances such as TV or 
theater and so on. Recently, the mobile included stereo 
camera system is providing practically to the market 
but a little study for their stereoscopic properties has 
been reported. Hypostereoscopic condition is one of 
the representative stereo camera alignments in 
stereoscopy, which has narrower inter camera distance 
(ICD) than inter ocular distance (IOD) in human 
visual system. In the past, the condition had not 
interested topic compared to other conditions such as 
either orthostereoscopic or hyperstereoscopic because 
that time had not enough practical technology to make 
the narrowed ICD due to the problem of their size of 
body as a broadcasting system needed. Therefore, the 
literatures have been presented having the point of 
view either the analysis on taking correct depth cue or 
finding the causes of inducing stereoscopic depth 
distortion (SDD) under ortho- or hyperstereoscopic 
condition respectively. In stereo mobile circumstance 
considered hypostereoscopic condition, the property 

of SDD presents a card-board effect as if 
reconstructed depth cue had pressed. Since, the 
mobile device has some normal properties such that 
the size of display has up to 3.5 inch, the viewing 
distance has below 500mm and the converged angle 
has large at the zero disparity on the display when an 
image from display is shown to the observer. 
Therefore, when we see the image which displaying 
on the mobile device that either was taken by the 
stereo mobile device or was taken by other 
stereoscopic device, the correct depth cue with the 
reconstructed image is not provided. There is only 
large distorted depth image. The method of an 
increasing disparity on the display is not adequate for 
increasing depth cue in the reconstructed image in 
mobile circumstance because a double image will be 
generated by overflowed disparity to fusible stereo 
which occurred by the method. For this reasons, we 
suggested a solution that it is a method for taking 
good depth cue from the stereo image having adequate 
disparity such as taking practical data which is 
satisfied stereo fusion in mobile circumstance from 
the experiment and quantifying the object space which 
is possible for displaying good to transfer the 
reconstructed image in the circumstance. Actually, we 
will provide a practical hypostereoscopic condition for 
embodying effective depth cue in the mobile 
circumstance. In this paper, we investigated the 
properties of hypostereoscopic condition in mobile 
circumstance and simulated the results both the 
limited disparity for fusible stereo and the object 
space possible for quantifying.  

 
  

2. Experiment and Result 
  

To take practical data which is possible for fusible 
stereo, we had considered hypostereoscopic 
configuration such that the stereo camera alignment is 
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parallel type, the focal length of lens of mobile camera 
has 6mm, the detector size in camera is 1/7 inch, the 
object space has a range between 300mm and 900mm 
vertical direction from the lens of camera, the display 
size of mobile is 3.2 inch, the viewing distance is 
500mm which satisfied inner arm length and ICD is 
able to translate between 10cm to 60cm with 10cm 
interval satisfied inner IOD as well as the interval 
between stereo image on the screen has the same 
value of ICD. Fig. 1 shows that the reconstructed 
depth cue under the condition above mentioned. In 
there, horizontal axis means real object space and 
vertical means the reconstructed depth space both 
having the unit of millimeter. As we can see that the 
reconstructed depth cue has hypostereoscopic depth 
distortion. To easy understand how the amount of 
depth distortion is occurred in there, we provided the 
straight line as a reference which means non-depth 
distortion as if orthostereoscopic condition is applied. 
For this result, under the hypostereoscopic condition, 
the reconstructed depth cue by mobile stereoscopy is 
not enough give the effective depth to us. And there is 
also a constraint which is restricted zone able to 
fusible stereo, we already presented why the 
constraint as limited fusible disparity must be 
considered in depth recognition process at SPIE 
Optics East ’07, V6778. In the reference, the distance 
of limited disparity on the display is up to ±3.75mm. 
Therefore, if we use a mobile stereoscopy, the 
permitted range of the object space to embody fusible 
depth cue is restricted. Fig. 2 shows the disparity 
value mentioned. As we mentioned in Fig 1, both 
horizontal and vertical values in Fig. 2 has the same 
unit [mm]. The square region means the permitted 
range of fusible depth cue. All of figure has the 
intersection point which means zero disparity at the 
screen.  

 

 
Fig. 1. The reconstructed depth is shown at the values of vertical 
axis related to the values in horizontal axis which means real 
distance in the object space. As we can see the two boxes, 
reconstructed front depth has the narrowed range of fused stereo 
related to the 375mm to 500mm in object space. As the same way, 

reconstructed rear depth has narrowed too as the case of front 
depth, there has the fused stereo range related to the 500mm to 
785mm in object space.  
 
 

 
Fig. 2. The graph of limited disparity for fusible stereo in 

mobile circumstance with same hypostereoscopic condition 
 
 

As we can see the Fig. 1 and 2, the graphs show that 
depth distortion from reconstructed image is large 
under hypostereoscopic condition. And the range of 
possible for fusible stereo is narrowed. The range 
having z directional object space is 375mm up to 
785mm when the case which the ICD has 10mm is 
applied. Therefore, in general mobile circumstance, a 
permissible range of object space having non-double 
image will be about 300mm to 1,000mm.This matter 
has no doubt from the result on Fig 1. However, the 
most problem is the large depth distortion from the 
reconstructed image. Although there is not double 
image only good fused stereo image, the reconstructed 
depth range is so narrowed after recognition process 
by the observer as we can see Fig 1. To compensate 
this depth distortion, we applied a proportional factor 
such as demagnified natural depth that it makes all 
depth in object space to a reduced proportional space 
which considered the size of display of mobile device 
as if there is a land of pigmies. However IOD is 
invariant. Therefore, we need to a function of the 
object space having domain to makes a circumstance 
of reduced nature scene or depth. Note that the 
proportional factor must be smaller than 1 else if 
limited disparity on the display will be over to the size 
of display and we cannot see a fused stereo depth 
image. Eq. (1) is the formula of reconstructing depth 
cue under orthostereoscopic condition. The 
denotations of V, DIS, and e mean that the viewing 
distance as 5,000mm, the disparity on the screen 
which considered orthostereoscopic constraint such 
that the interval between left and right images on the 
screen is equal to ICD and IOD. As the same way, Eq. 
(2) is the formula of reconstructing depth cue under 
hypostereoscopic condition. The denotations of V’ and 
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DIS’ mean that the viewing distance as 500mm and 
the disparity on the screen which considered 
hypostereoscopic condition which was taken by 
experimental data such as the maximum DIS’ is 
3.75mm on the display.  
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As we mentioned that the proportional factor is 
needed to makes the reduced object space, Eq (1) and 
(2) must satisfy the relation as Eq (3). Note that the 
denotation N presents the proportional factor which is 
responsible for reducing the ratio of natural depth. 
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Thus, we rearrange the Eq. (3) having a point of views 
Z and DIS’, we can take Eq. (4). 
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To solve the range of Z, we gave a constraint such as 
N<1. Thus the Eq. (5) is satisfied. 
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To takes the practical range of object space Z for good 
fusible stereo, we substituted the factors such as the 
real number as DIS’=3.75mm and V’=500mm. And 
then we had re-substituted the numerical data which 
was taken Eq. (5) to Eq. (4) for obtaining the relation 
between the object space fusible stereo and the 
proportional factor. We obtained the numerical general 
solution of N related the object space above 
mentioned. In Fig. 3, the graph shows the result of 
general solution of N having vertical axis to overcome 
the limit of object space having horizontal axis which 
fusible stereo in mobile circumstance under 
hypostereoscopic condition. 
 

 
Fig. 3. The graph of numerical solution of general N when the 

constraints are considered in the simulation which related 
hypostereoscopic condition such as ICD 10mm, DIS’=3.75, 
V’=500mm and the minimum Z= 427mm. 
 
As the result of Fig 3, we can see that there is a trade-
off relation between the range of fusible stereo area 
and a proportional ratio reducing nature depth. So N 
becomes smaller if we want increase the range of 
object space. Since the reconstructed depth range to 
display their stereo image is restricted by the mobile 
circumstance. In this case, the restricted depths which 
the front depth is up to +27.27mm due to the crossed 
disparity as +3.75mm on the display and the rear 
depth is up to -30.61mm due to the uncrossed 
disparity as -3.75mm, which are taken by standard for 
the position of plane of mobile display. Therefore if 
we make a reconstructed depth having familiar 
situation as if we are seeing a scene of nature depth to 
5,000mm, we have to choice the value about N=0.095 
else if we want to show a nature depth as 473mm, we 
have to choice N=0.99.  

  
 

3. Results and discussion 
  

We had described the result of our concerning topic. 
Consequently, we cannot take an effective presence 
such as well-restricted depth condition in the mobile 
circumstance. Since there is trade off relation between 
the proportional value of depth restriction and the 
object space for fusible stereo depth when the depth 
image is displayed and reconstructed to an observer 
having the viewing distance. As well as, the mobile 
circumstance provide a constraint which limited depth 
range for reconstructing stereo image. Therefore, for 
the sake of generating familiar depth image at the 
mobile circumstance under hypostereoscopic 
condition, we have to choice the proportional value of 
depth restriction which well-matched condition that it 
has to possible shows a maximum object space. 
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However the problem which as depth non linearity as 
pressed depth under hypostereoscopic condition is not 
solved in our investigation. We expect that this 
problem will be solved by adequate solving method 
either numerical or practical in near future. 
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