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Abstract 
Define a designated eye position (DEP) for the 3D 

displays is a critical issue. It shows the system performance 

without content issue. We use luminance meter to capture 

these optical characteristic and discuss between one point 

measurement, two points measurement and three points 

measurement situation. 
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1. Introduction 

 

3D Displays can provide more realistic and exciting 

sensation. They can also provide depth information 
which is lost in a 2D display. Therefore, it attracts 

more and more industrial attention, especially in the 

applications of medicine, gaming, and design works, 
where those sensations are essential.  Binocular 

stereoscopic display without glasses (autostereoscopic 

display) is one of the most popular ways for life-like 
presentation in our three-dimensional environments. 

Optical behavior of autostereoscopic displays strongly 

depend on the viewing angle, and also the viewing 
distance of observation. Therefore, there must be a 

designated eye position (DEP) while at the displa

y designing stage. However, we may not know the l
ocation of this DEP of an unknown 3D display 

before checking it. How is a DEP measured and d

efined is a critical issue. In this paper, Konica 
Minolta CS-200 luminance meter were used to 

capture these optical characteristic and discuss the 

basic issues that we would meet when we measure 
autostereoscopic display. 

 

 

2. Experimental setup 
 

In this study, we designed a 3D display system wit

h its panel size 24” in diagonal and original 2D 
resolution 1920x1200. A 2-view parallax barrier was 

designed and combined with this 24” LCD display (s
ee Table 1). 

 

Table 1.  Parameter of display 

Parameter Spec 

Panel size 24inch 

Resolution 
(2D) 

1920*1200 

Resolution 

(3D) 
960*1200 

Number of view 2 

 

In order to measure the luminance profile to decid
e where the DEP of this 3D display is, we set up a 

measurement system. The system has a rotation plate 

between +80°~-80°. It is able to carry panel size from 
7” to 26”. A Minolta Chromameter CS-200 is used to 

measure the distribution of luminance at viewers’ eye 

position (refer to Figure 1). 
We used different test pattern to measure the 

luminance. Also, we compared different viewing 

distances for the measuring data of the 3D display. In 
this paper, we measured more than one point on the 

panel and analysis the difference between these data. 
 

 

3. Results and discussion 
 

Figure 2 is the angular distribution of the optical l

uminance which was measured by a CS-200 locat
ed (arbitrarily, in fact) on the normal of the cente

r of the measured panel, with the CS-200’s focus 

at the center of the panel. We used left-eye content 
which is white/black interlaced and right-eye content 

which is black/white interlaced ,  to measure the 

luminance profile (see Figure 3). While transfer the 
angular distribution of the luminance profile in fig

ure 1, the rays from the center part of the panel 

can be shown as in figure 4. For such a two view 
autostereoscopic display, the left eye and right eye 

position of its DEPs can be reasonably chosen as 

on the two lines which are closest to the normal 
of the panel center.  
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Fig. 1 The measurement system 
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Fig. 2 Angular distribution of luminance profil

e 
 

 

 
 

Fig. 3 Test patterns  
 

 

 

 

Fig. 4 Ray distribution for left and right image 
 

 

As we defined an interpupillary distance (IPD), the 

distance of DEP can also be identified. Table 2 shows 
the data between interpupillary distance and distance 

of DEP. In the range of normal interpupillary distance 

between 58mm to 68mm, the distance will variate 
from 922mm to 1082mm. It means that for one point 

measured, it is hard to identify one distance for DEP 

to show a real performance of a 3D display. At the 
same time, it is difficult to identify the duplicated of 

DEP on the space. 
 

 

Table 2 One point measured for distance of DEP 

Interpupillary 

distance(mm) 
D(mm) 

58 922 

59 938 

60 954 

61 970 

62 986 

63 1002 

64 1018 

65 1034 

66 1051 

67 1066 

68 1082 

 

 

In order to obtain a real performance of a 3D 
display, we try to analysis from two ways. First, 

analysis the cross points of left and right measured 
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points (as shown in Fig.5). Second, analysis the cross 

points of left、right and center position measured 

points(as shown in Fig. 6). Method of measurement 
was similar as Fig.1. Fig.7 shows the result of two 

points measurement. From the cross points of 

luminance peak, we can divide into three parts. First 
one is near area, it is too close to test panel, the other 

is reasonable area, third is far area, it is too far from 

the test panel. The detail result shows that at near area, 
the distance of interpupillary was less than 55mm, and 

at far area, the distance of interpupillary was larger 

than 90mm. At reasonable area the interpupillary 
distance was 59mm and the distance of DEP was 

located at 1025mm. The DEP of near area and far area 

wasn’t reasonable for human eye. We can focus on 
the normal area to identify IPD and distance of 

DEP. It can show a more reality performance to a 3D 

display. 
 

 

 

Fig. 5 Two points measurement 
 

 

 

 

Fig. 6 Three points measurement 

 
 

 

 

Fig. 7 Cross points of two point measurement 

 
 

By the same way, we considered the angle of 

luminance peak and mark the cross points of 
luminance peak. Fig.8 shows the cross points analysis 

by measuring three points (for Left eye test pattern). 

The triangle areas were marked by three luminance 
peaks from three points. Compared the size of triangle 

areas, the area of triangle was small at normal direct 

of the panel, as far from normal direction of the center 
point, the areas of the triangle will increase. At the 

same time, the distance of the triangle areas approach 

to the panel. It means that the DEP at normal direction 
of the center point are not the same with other position

s. At the larger triangle area, we also fine that it has 

worse performance for viewer. 
 

Three points measurement also have near area and 

far area. The same with two points measurement, at 
near area the distance of interpupillary was less than 

55mm, and at far area, the distance of interpupillary 

was large than 90mm. 
It is hard to define a real distance from triangl

e area. We use center of gravity from each triang

le area to replace the triangle area. Connect all th
e center of gravities shown as curve in figure 8. 

Curve of the line was different from our initial d

esign. The left eye and right eye positions should 
be connected to a straight line. In order to find t

he difference of these two results, we considered 

the refractive index of the cover glass on the pan
el. 
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Fig. 8 Three points measurement 

 
 

When designed the 3D display, if we ignored the 

refractive index of the cover glass on the panel, the 
DEP distribution will be a straight line as show in 

figure 9. But when consider the refractive index of 

display panel cover glass, the center of gravity line  
shows as a curve in figure 9. The result is similar as 

experiment data. From the above result, we think that 

refractive index of the cover glass should be 
considered when designing an autostereoscopic 

display. 

 

 
 

 

Fig. 9 Refractive index effect 

 
 

4. Summary 

 
In this study, we find out that it is hardly to define a 

DEP only by measuring one position. Consider of the 

3D performance of the full panel, we suggest that at 
least two positions should be measured to obtain a 

realistic viewing area. And it is necessary to consider 
the refractive index of 3D display panel cover glass 

when designing an autostereoscopic display. The DEP 

distribution should be a curve instead of a straight line. 
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