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Abstract 
An experiment evaluating our technique for improving the 

picture quality of integral photography is presented. In integral 
photography, a lens array or a pinhole array is used. The quality 
of the lens array depends on the manufacturing method. In some 
economical manufacturing methods, the focal length of each lens 
is not always uniform, and the lens array may have spaces between 
the minute lenses. These factors may cause the image quality to 
deteriorate. Please include a brief abstract of this paper. Avoid 
using figures or equations in the abstract. 

Introduction 
Integral photography is an excellent 3D image display system 

because 3D images can be seen even if the observer's viewpoint 
moves up and down or right and left. No special glasses are 
required. In this method, a central image containing many smaller 
images observable from multiple viewpoints is projected on a 
plane by arranging the images obtained through one convex lens or 
pinhole.  

Conventional integral photography technology requires 
making a metal mold in advance to manufacture a lens array. 
Therefore, the only way to make integral photography cost 
effectively was to use a pinhole array. For instance, one method 
for printing on a transparent seat uses a color printer [1]. However, 
integral photography has now been made possible and cost 
affordable with a lens array. The reason is that manufacturing the 
lens array only requires applying printing technology. The image 
quality of integral photography has been improved by combining 
the lens mask including the pinhole with this lens array. 

Integral photography that uses lens array with 
printing technology 

The lens array made with printing technology is not made 
based on a metal mold. Instead, the lens is formed with the surface 
density by putting a transparent material on a transparent board (or 
seat). Therefore, the difference in the accuracy of each lens is 
greater than that of a lens made based on a metal mold. Moreover, 
the interval between lenses must be maintained for the 
manufacturing method. 

Integral photography that uses this kind of lens array has 
some problems with image quality. First of all, light that leaks 
from the space between lenses causes image quality deterioration. 
Light that reaches the observer through the pinhole or lens must 
have originated from one particular point. However, a lot of light 
reaches the observer without passing through the lens or pinhole. 
Therefore, this light causes the boundary to become unclear, as 
shown in Figure 1(a). The cause of another decrease in image 
quality is low accuracy in the lens. Because the difference in the 
focal length of each lens is considerable, not only the light from a 

particular point but also light from points around it gets to the 
observer’s eye. In our research, we solved these problems using a 
lens mask with pinholes whose diameter is less than that of the 
lens. The mask was arranged in front of the lens array, as shown in 
Figure 2. Sharp images, like the one in Figure 1(b), can be 
obtained by using this mask.  

 
 
 
 
 
 
 
 
 
 
(a) Lens without mask                       (b) Lens with mask 
 

Figure 1. Examples of 3D images 

 
 
 
 
 
 
 
 

Figure 2. Integral photography that uses lens mask 

This lens mask is a transparent sheet on which black ink was 
painted, except in the lens areas. As a result, the light that leaks 
from the space between lenses is intercepted, and deterioration in 
the image quality is suppressed. Moreover, deterioration in the 
image quality caused by lack of uniformity in the lens focal length 
can be suppressed because extra light that passes through the 
fringe area of the lens is shut out. By reducing the diameter of the 
pinhole, the image becomes clearer, but the brightness of the 
image decreases. Therefore, the best diameter can be obtained. The 
diameter of the hole should be large when a high quality lens array 
with a small focal length error is used. On the other hand, the 
diameter of the hole should be small when the quality of the lens is 
not high enough and when the focal length is not uniform. 

In integral photography with a lens, the range for binocular 
vision is decided depending on the characteristics of the lens, in 
particular, the focal length. The range where binocular vision is 
possible broadens when a lens with a short focus is used. If a lens 
array is fabricated using printing technology, making lenses with a 
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short focal length becomes difficult. Getting wide range binocular 
vision is also more difficult to achieve. However, the binocular 
vision can be made wide by deliberately arranging the lens nearer 
than the focal position and by suppressing the deterioration of the 
image quality with a lens mask whose hole diameter is small. 

Experiment 
We used the image shown in Figure 3 for an evaluation 

experiment and examined which position looked to have separate 
lines. As shown in Figure 4, the center of the disk was 1, and the 
outside was 10. We then subjectively determined the position 
where the lines were separate. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Image of disk used in evaluation 

 
 
 
 
 
 
 

Figure 4. Separation value of disk 

Depth is a factor that influences the image quality of the 3D 
images. The image of the object seen at the front (or rear) of the 
screen is not sharp. Therefore, we set the virtual disk position for 
the evaluation in the front (or rear) of the screen. When the image 
was 20 ×  20 cm, the position of the disk for evaluation was front 
6 cm of the screen, front 3 cm, rear 3 cm, rear 6 cm and at the 
same position of the screen. We prepared eight kinds of masks 
with holes that had diameters that were 100%, 90%, 80%, 70%, 
60%, 50%, 40%, and 30% of the element image width and height. 
We also evaluated a 3D image without a mask for the sake of 
comparison. 

The brightness of the 3D image is proportional to the area of 
the hole. Table 1 shows the area of the holes (These are equal to 
the brightness of the images) in relation to the diameter of the hole 
of the masks. The area shown in the table shows the aperture rate, 
which is 1 without the mask. The aperture rate is given by the 
following expression. 

2

4
d

πα =  (1) 

Where α  shows the aperture rate, and d  shows the ratio of 
the diameter to the size of the element image. 

Table 1. Relationship between area and diameter 

Diameter 
Area 

(aperture ratio) 
100% 0.79 
90% 0.64 
80% 0.50 
70% 0.38 
60% 0.28 
50% 0.20 
40% 0.13 
30% 0.07 

 
Table 2 shows the experiment results. From Figures 5 to 9 are 

graphs showing results in the table. 

Table 2. Experimental results 
 +6 cm +3 cm 0 cm -3 cm -6 cm 
None 5 5 3 4 5 
100% 5 5 3 4 5 
90% 5 4 3 4 5 
80% 5 4 3 4 5 
70% 4 4 3 3 5 
60% 4 3 3 3 4 
50% 4 3 3 3 4 
40% 4 3 3 3 4 
30% 4 3 3 3 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Results of +6 cm in position of the disk 
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Figure 6. Result of +3 cm in position of the disk 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Result of 0 cm in position of the disk 

The results of the experiment indicated that the appropriate 
diameter for the hole is from about 60 to 80%. When the diameter 
of the hole is large, improving the image quality produces a 
significant effect. However, when the diameter of the hole is less 
than 50%, no noticeable effect is evident. In addition, the image 
darkens. 

Conclusion 
Experiments demonstrated that the 3D image quality of 

integral photography for obtaining three-dimensional images was 
high when a lens array was used together with a pinhole mask. 
Moreover, the appropriate diameter of the hole in the mask was 
determined. The accuracy of the lens was not much of a problem, 
and the enough effect was sufficient, even with inexpensive lenses. 
Therefore, our proposed method is effective for generating high 
quality 3D images at low cost. 
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Figure 8. Result of -3 cm in position of the disk 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Result of -6 cm in position of the disk 

+3 

0

1

2

3

4

5

6

non 100 90 80 70 60 50 40 30

0 

0

1

2

3

4

5

6

non 100 90 80 70 60 50 40 30

-3 cm 

0

1

2

3

4

5

6

non 100 90 80 70 60 50 40 30

-6 cm 

0

1

2

3

4

5

6

non 100 90 80 70 60 50 40 30


	33674
	33675
	33676
	33677
	33678
	33679
	33680
	33681
	33682
	33683
	33684
	33685
	33686
	33687
	33688
	33689
	33690
	33691
	33692
	33693
	33694
	33695
	33696
	33697
	33698
	33699
	33700
	33701
	33702
	33703
	33704
	33705
	33706
	33707
	33708
	33709
	33710
	33711
	33712
	33713
	33714
	33715
	33716
	33717
	33718
	33719
	33720
	33721
	33722
	33723
	33724
	33725
	33726
	33727
	33728
	33729
	33730
	33731
	33732
	33733
	33734
	33735
	33736
	33737
	33738
	33739
	33740
	33741
	33742
	33743
	33744
	33745
	33746
	33747
	33748
	33749
	33750
	33751
	33752
	33753
	33754
	33755
	33756
	33757
	33758
	33759
	33760
	33761
	33762
	33763
	33764
	33765
	33766
	33767
	33768
	33769
	33770
	33771
	33772
	33773
	33774
	33775
	33776
	33777
	33778
	33779
	33780
	33781
	33782
	33783
	33784
	33785
	33786
	33787
	33788
	33789
	33790
	33791
	33792
	33793
	33794
	33795
	33796
	33797
	33798
	33799
	33800
	33801
	33802
	33803
	33804
	33805
	33806
	33807
	33808
	33809
	33810
	33811
	33812
	33813
	33814
	33815
	33816
	33817
	33818
	33819
	33820
	33821
	33822
	33823
	33824
	33825
	33826
	33827
	33828
	33829
	33830
	33831
	33832
	33833
	33834
	33835
	33836
	33837
	33838
	33839
	33840
	33841
	33842
	33843
	33844
	33845
	33846
	33847
	33848
	33849
	33850
	33851
	33852
	33853
	33854
	33855
	33856
	33857
	33858
	33859
	33860



