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Abstract 
In this paper, we propose novel computational 
reconstruction technique of three-dimensional objects 
in integral imaging by use of a lenslet array. We 
applied our technique to two different integral 
imaging systems according the distance between 
lenslet array and elemental image plane. 
Experimental results are presented and discussed as 
well. 
 

1. Introduction 
Integral imaging (II) is one of the useful three-
dimensional (3-D) image display techniques because 
it can produce true 3-D images with full parallax and 
continuous viewing points [1-5]. In II, the elemental 
images of a 3-D object are obtained by using a 
pinhole array (or a lenslet array) and a two-
dimensional (2-D) image sensor such as the CCD 
(charge coupled device) camera. To reconstruct the 3-
D image of an object, the elemental images are 
displayed on a display panel such as the LCD (liquid 
crystal display). The rays coming from the elemental 
images converge to form a real 3-D image through a 
pinhole array (or a lenslet array).  

There are two types of analyses in II. One is the 
analysis using a pinhole array as shown in Fig. 1(a). 
This analysis is considered a single ray emitted from 
each pixel of display panel. This is useful in the 
applications of computer pickup and display [6,7]. 
The other is the analysis using a lenslet array as 
shown in Fig. 1(b). This is the case where the display 
panel has sufficient resolution. Each pixel of the 
display panel, then, is represented by properly light-
emitting point. This analysis is useful to present the 
relation between depth and resolution [8-11] and also 
exploited in compensating the distortion of 3-D 
images according to depth [12]. 

Recently, various computational reconstruction II 

techniques have been reported in order to obtain full 
3-D volume information for image processing 
applications such as 3-D surface extraction. These 
techniques are based on the analysis of II using a 
pinhole array. However, this conventional method can 
be applied only in small range of distances around the 
lenslet image plane (LIP) because off-focusing effect 
according to the distance is not considered in the 
conventional technique. When the reconstructed 
image plane is too far from the LIP, the off-focusing 
effect cannot be neglected, and consequently, the 
conventional method yields non-realistic result. The 
intensity irregularity with grid structures in the 
reconstruction image plane very close to lenslet array 
is one example of such non-realistic result.  

In this paper, to overcome the problem of 
conventional technique, a new computational 
reconstruction technique in II using a lenslet array is 
proposed and some experimental results are also 
presented for showing the usefulness of the proposed 
technique. 
 
2. Reconstruction technique in 
computational II using a lenslet array 
We apply new computational reconstruction 
technique in II using a lenslet array to two II systems; 
depth-priority II (DPII) and resolution-priority II 
(RPII) [8].  

Figure 2 illustrates the DPII system. We obtain 
DPII by use of real and virtual image fields when the 
distance g between lenslet array and display panel is f. 
The rays from pixels of a display panel become 
parallel through the lenslet array. The spot size D(z) 
of the integral point image in space is similar to 
lenslet size P regardless of the distance L. In other 
words,  

                              PzD =)( .                     (1) 
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Fig.  1. II using (a) a pinhole array and (b) a lenslet 

array. 
 
Figure 3(a) illustrates the RPII system based on the 

analysis of II using a lenslet array. The pixels d of 
display panel then are represented by properly light-
emitting points on the display panel. For simplicity, a 
single lenslet model as shown in Fig. 3(b) is 
considered. From the Gauss lens law, the LIP is 
located at L=gf/(g-f). With depth of focus ?z and 
diverging ray angle θ, we can calculate the spot size 
D(z) of integral point image as following. 
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In the proposed method, computational II 
reconstruction is obtained with a mapping procedure 
that all the pixels of the elemental images are 
projected and superposed with different spot size D(z) 
at the distance z to the reconstructed image plane 
through the lenslet array. Figure 4 illustrates our 
computational reconstruction procedure in detail. For 
a fixed distance z from the lenslet array, each pixel of 
elemental images is projected through each 
corresponding lenslet and is magnified according to 
the D(z). The adjacent magnified pixels are 
overlapped each other at the reconstructed image 
plane. For all the pixel of the elemental image, the 
same procedure is repeated and computed with 

overlapping each other. Then we can obtain one 
reconstructed image at the distance z. To generate 3-D 
volume information, the mapping procedure is 
repeated for all reconstructed planes of interest.   

 

 
Fig.  2 DPII system by use of both real and virtual 

image fields . 
 

 
Fig.  3 (a) RPII system using a lenslet array. (b) Ray 

formation by single lenslet 
 

 
Fig.  4 Mapping procedure of elemental images  
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3. Experimental results 
To test the performance of the proposed 

reconstruction technique, computational experiments 
are carried out for both DPII system and RPII system.  

 
3.1 DPII 

To demonstrate the proposed reconstruction 
technique in DPII, we used the experimental structure 
as shown in Fig. 5. Here the focal length f of the 
lenslets is 3 mm and is the same that the gap g 
between the display panel and the lenslet array. Then 
we obtain DPII system.  

We used a 3-D object composed of four 2-D 
character patterns, ‘I’, ‘T’, ‘R’ and ‘C’ whose size is 
1020×750 pixels. The patterns are longitudinally 
located at +90 mm, +30 mm, -3 mm and -45 mm from 
the origin of lenslet array, respectively. The lenslet 
array has 34×25 lenslets whose size is 1 mm. Each 
lenslet is 30×30 pixels.  

After synthesizing elemental images for the use in 
the experiment, the reconstruction was performed. 
Each pixel from elemental images was uniformly 
mapping with the size of 3 mm into the 
reconstructed image plane. Entire reconstruction 
image was obtained by repeating all the pixels of 
elemental images. Figure 6 are the computationally 
reconstructed images at various display planes using 
the proposed reconstruction technique. Eight 
reconstructed images at the distance of +90, +45, 
+30, 0, -3, -30, -45 and -90 mm are shown in Fig. 
6(a)-6(h), respectively. We can see clear images at 
+90, +45, -3 and -45 mm which are the image 
display planes of the patterns. However we can see 
burred images at other distances.  
 

 
 

Fig.  5 Experimental  conditions for DPII system.  
 

 
 

Fig.  6 Reconstructed images in DPII system.  
 
 
3.2 RPII 
For RPII system as shown in Fig. 3, an experimental 
structure of the computational reconstruction is shown 
in Fig. 7. In the experiment, a test object composed of 
two alphabetical patterns, ‘P’ and ‘K’ is used. The 'P' 
and 'K' alphabetical patterns are longitudinally located 
at z=23 cm and z=33 cm, respectively. The focal 
length f of the lenslet is 3 cm and the gap g between 
the display panel and the lenslet array is 3.3 cm. In 
this case, g≠f. Therefore this is RPII system. 

By using the synthesized elemental images, the 3-
D images ware reconstructed computationally. Figure 
8 shows the computationally reconstructed images at 
various display planes. Reconstructed images at the 
distance of z= 3.3, 23, 33 and 66 cm are shown in Fig. 
8(a)-8(d), respectively. We can see clear images at 
z=23 and 33 cm which are the image display planes of 
the patterns. From the results, we believe that our 
experiment was successfully demonstrated 

 

 
 

Fig.  7 Experimental  conditions for RPII system.  
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Fig.  8 Reconstructed images in RPII system.  
 
 
4. Conclusion 
In this paper, we propose novel computational 
reconstruction technique of three-dimensional objects 
in integral imaging by use of a lenslet array. Our 
technique can be applied to two dif ferent integral 
imaging systems; DPII and RPII. We introduced 
conventional computation reconstruction technique to 
variable mapping size and presented the usefulness of 
proposed technique through experimental results. 
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