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Abstract 
The human vision system has visual functions for 
viewing 3D images with a correct depth.  These 
functions are called accommodation, vergence and 
binocular stereopsis.  Most 3D display system utilizes 
binocular stereopsis.  The authors have developed a 
monocular 3D vision system with accommodation 
mechanism, which is useful function for perceiving depth. 

 
 

1. Introduction 
 

A study of virtual-reality system has been popular 
and its technology has been applied to medical 
engineering, educational engineering, a CAD/CAM 
system and so on.  The 3D imaging display system 
has two types in the presentation method; one is a 3-D 
display system using a special glasses and the other is 
the monitor system requiring no special glasses.  A 
display system requiring no special glasses is useful 
for a 3D TV monitor, but this system has demerit such 
that the size of a monitor restricts the visual field for 
displaying images.  The 3D display system using 
special glasses can display virtual images over a wide 
area. 

The human vision system has visual functions for 
viewing 3D images with a correct depth.  These 
functions are called accommodation, vergence and 
binocular stereopsis.  Accommodation is a useful 
function for perceiving a depth by the monocular 
vision system.  Binocular stereopsis is one of the 
most important processes for the human 3D 
perception.  Then most 3D display system utilizes 
this binocular stereopsis.  The binocular vision 
mostly utilizes next two functions.  One is 
simultaneous perception, which is an ability to 
perceive dichoptically presented images (Fig. 1) 
simultaneously and in the correct position.  The other 
is binocular fusion, which is an ability to perceive two 

dichoptic images in left and right eyes as one image.  
Meanwhile accommodation is a useful function for 
perceiving a depth by the monocular vision system.  
And humans have the function called the 
simultaneous perception.  Using this function, 
humans perceive dichoptically presented images 
simultaneously and in the correct position.  So the 
authors have developed a monocular 3D vision system 
which enables us to provide correct and natural 3D 
images with a depth perceiving by the accommodation. 
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Fig. 1. Flow of generating focused image. 

 
 

2. Human Vision System 
 

The human vision system has visual functions for 
viewing 3-D images with a correct depth.  These 
functions are called accommodation, vergence and 
binocular stereopsis.  Accommodation is a useful 
function for perceiving a depth by the monocular 
vision system.  Binocular stereopsis is one of the 
most important processes for the human 3-D 
perception. 

The binocular vision system has many functions as 
follows1): 
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1) Simultaneous perception: The ability to perceive 
dichoptically presented images simultaneously and 
in the correct position. 

2) Binocular fusion: The ability to perceive two 
dichoptic images in left and right eyes as one 
image. 

3) Coarse stereopsis: The ability to perceive 
dichoptically presented images with a parallax as 
one image with a coarse depth. 

4) Fine stereopsis: The ability to perceive 
dichoptically presented images with a parallax as 
one image with a fine depth. 

5) Crossed fusion: The ability to perceive 
dichoptically presented images with crossed 
disparities as one image. 

6) Uncrossed fusion: The ability to perceive 
dichoptically presented images with uncrossed 
disparities as one image. 

7) Dynamic stereopsis: The ability to perceive depth 
in moving random dot stereogram images. 

Accommodation is a useful function for perceiving 
a depth by the monocular vision system.  And 
humans have the function called the simultaneous 
perception.  Using this function, humans perceive 
dichoptically presented images simultaneously and in 
the correct position.  So the 3-D HMD system can 
display a spatial image with merit that lightness of 
real and virtual images is not lacking, when humans 
watch a real 3-D image with the left eye and a virtual 
3-D image with the right eye, for example. 

Now, the following is devised how to display 
monocular 3-D images. 

1. Electoro-holography 
A hologram can display an ideal 3-D image 

containing all information that the human vision 
system requires.  So humans perceive a 3-D image 
of the electoro-holography with just one eye.  
However, note that the size and weight of an 
electoro-holography can be reduced within technical 
limits. 

2. Super multi-view stereo 
This new stereo approach called Super Multi-View 

is proposed by members of the 3-D project2).  This 
super multi-view means the following condition; 
more than two parallax images pass through a pupil 
of eye.  At the super multi-viewing, these parallax 
images passed through a pupil are focused the same 
position on a retina.  So humans perceive a 3-D 
image with a correct accommodation due to the 
monocular parallax. 
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Fig. 2. The principle of a stereogram. 
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Fig. 3. Optical layout of the monocular 3-D display. 

 
 

3. Display System 
 

Fig. 2 shows the principle of a reconstruction of the 
3D image by the stereo-viewing.  Fig. 2 (a) shows 
the optical configuration of a conventional stereogram.  
To display a point object P, observers turn on a point 
PL for the left eye and a point PR for the right eye as 
shown in this figure.  The observer perceives that a 
point object exists on a spatial position P due to the 
binocular parallax.  Fig. 2 (b) shows the optical 
configuration of a monocular multi-view stereogram.  
To display a point object P, observers turn on points 
PR1 and PR2 for the right eye as shown in this figure.  
At the monocular multi-viewing, the observer adjusts 
the focal length of an eye to match with the spatial 
position P, then projected images of pixels PR1 and PR2 
are focused to the same position on the retina.  So the 
observer naturally perceives that a point object exists 
on a spatial position P due to the monocular parallax.  
Fig. 3 shows the principle of the 3D vision system 
using monocular stereoscopy.  This display system 
consists of an LCD panel, an acrylic plate and an 
optical lens.  The observers perceive parallax images 
at the just point, which the optical lens converges the 
light on.  To perceive multiple parallax images with 
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just one eye, the image shifting optics consists of a 
parallel plane acrylic plate, whose inclination causes 
the image to shift as shown in Fig. 4.  In Fig. 4, the 
image shift Δx and the angle of inclination θ have the 
relation as follows 

)sin/cos1(sin 22 θθθ −−⋅=Δ ndx  
where d is the thickness of a glass plate and n is the 
refractive index of a glass.  An LCD panel is used as 
the displaying plane of parallax images.  The signal 
controller sends an image signal to the LCD panel to 
the tune of a control signal.  Then the displaying 
plane of parallax images creates monocular multi-
viewing images.  Fig. 5 shows the appearance of the 
LCD panel and controller. 
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Fig. 4. Image shifting optics. 

 
 

 
Fig. 5. Appearance of LCD panel and controller. 

 
 

 
Fig. 6. Detected eyes. 
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Fig. 7. Measurement of the 3D position. 

 
 

4. Eye Tracking 
 

Fig. 6 shows the result of detecting eyes from the 
captured face image.   Using this result of detecting 
eyes, it is possible to measure the distance from the 
camera to the eye and to determine the direction using 
the camera image captured by the single camera. 

Fig. 7 shows the illustration of capturing the face of 
a user using the pin-hole camera.  The face in the 
real world and the perspective image of a user’s face 
on the plane of a film are indicated in this figure.  In 
Fig. 7, let (x, y, z) be three space coordinate and 
parameter z shows the depth.  The SX-SY coordinate 
system shows the image plane of a camera.  Assume 
that the points A, B, C and D show the interest points 
of the eyes and the points A’, B’, C’ and D’ on the 
image plane show the corresponding points of the 
eyes.  Moreover, the positions of eye ER and EL are 
the midpoints of the side AB and CD respectively.  
The followings are assumed at capturing: 

1) The interval of eyes (the length of the side 
ELER) is R. 

2) AB : BC : CD = k : 1 : k . 
3) ',',' OCtOCOBtOBOAtOA CBA ===  

(here, tA , tB and tC are variables). 
Assume that A’B’ : B’C’ = k’ : 1, the parameters tB 
and tC are given by 

tB = β tA,  tC = γ tA. 

Here, 
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Thus the parameters tA, tB and tC are given and the 
spatial position of eyes is uniquely determined. 

 
 

5. Real-Time Generating Focused Image 
 

To induce accommodation, the display system 
needs to generate an appropriate focused image in 
accordance with a result of the focus point detection 
by a computer graphics.  We used the OpenGL 
developed by Silicon Graphics Inc for real-time 
generating of 3D objects.  Fig. 8 shows computer 
graphics images generated on the Windows XP using 
the OpenGL graphics library.  In this figure, five 
balls are on the same plane and arrangements become 
farther and farther from left to right.  At near in focus, 
an outline of the farthest ball is a blur (fig (a)).  At 
far in focus the nearest ball is a blur (fig (e)).  When 
focus at center ball, other balls are out of focus 
(fig(c)).  Thus we can confirm that the OpenGL 
produce virtual 3D images in accordance with the 
focus depth by computer graphics. 
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Fig. 8. Real-time generated focused images. 
 


