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Abstract 
High resolution three-dimensional integral imaging 
display is proposed. Each time-multiplexed image is 
projected with different incident angle on same array of 
elemental lenses. Those images are collected at different 
positions in focal plane of lens array, and thus the 
number of the point light sources increases and their 
spacing decreases. Therefore, proposed method can 
create high resolution 3D images. 
 

 
1. Introduction 

 
Integral imaging (II), which was first proposed by G. 

Lippman in 1908 [1], has been regarded as one of the 
most attractive three-dimensional (3D) imaging and 
display techniques, because it can provide full-color, 
full-parallax and continuous-viewing images [2-3]. II 
technique has important advantages, but also has some 
drawbacks such as low resolution and limited viewing 
angle. A point light source (PLS) array system [4-5] is 
one type of II display methods and is a good approach 
of a light field display. The PLS array display has two 
important parameters, i.e. a spatial resolution that is 
inverse of a distance between neighboring points and 
an angular resolution that is angular spacing between 
neighboring light rays emanating from one PLS. 
Researchers have been trying to achieve the high 
spatial resolution and the high angular resolution. The 
spatial resolution of PLS display depends on a pitch of 
elemental lens. If the pitch of lens is small, the spatial 
resolution becomes high, but it reduces angular 
resolution. This paper presents novel method for high 
resolution II display overcoming this limitation. 

 
  

2. Overlapped projection  
  

The conventional PLS display uses one collimated 
illumination. The lens array collects those lights on 
the focal plane of the lens array, as shown in Fig. 1(a). 
A distance between two PLSs is equal to the elemental 

lens size.    
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Fig. 2. PLSs of (a) conventional system and (b) 

proposed method. 
 

  
In the proposed method, three different 

illuminations that are left, center, and right are used to 
increase the resolution as shown in Fig. 1(b). Those 
three illuminations are focused at the three different 
positions in the focal plane of the lens array such that 
each elemental lens can create three PLSs. Figure 1(b) 
shows five elemental lenses E1-E5 and 15 PLSs. Same 
system configuration of the conventional PLS display 
has only five PLSs. Also the viewing angle and 
angular resolution of our method is enhanced. A 
spatial resolution of the proposed method is enhanced 
because a distance between the two PLSs is three 
times smaller than conventional PLS display. The 
distance between two PLSs of proposed method 
depends on the angles of different illuminations and 
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the focal length of elemental lens and is given by  
  

),tan(IAfDPLS ⋅=  (1) 
  

where IA is the illumination angle and f is focal length 
of the lens array. 

In Fig. 1(a), pixel P1 is reconstructed with three rays 
from three elemental lenses EL2, EL3, and EL4. In the 
proposed method, P1 pixel is reconstructed with 9 rays, 
as shown in Fig. 1(b). The number of collected rays is 
increased, so the angular resolution is enhanced. From 
Fig, 1(b), two rays from EL1 and EL5 increase a 
viewing angle of the proposed method. 

  
3. Configuration and simulation  

  
Proposed method consists of high speed projector, a 

relay lens, scanning mirror, fixed nine (3 for 
horizontal and 3 for vertical) mirrors, and lens array, 
as shown in Fig. 2. After the image is produced by a 
projector, the produced image is collimated by the 
relay lens so that image size does not depend on the 
projection distance, which provides flexibility in the 
system configuration. The projected image is reflected 
by the scanning mirror into nine different directions at 
different time instants. Those images are reflected by 
nine fixed mirrors, respectively, and illuminate same 
elemental lenses with nine different angles. The lens 
array collects those nine images at nine positions in its 
focal plane. As a result, each elemental lens can create 
nine PLSs while the conventional system can have 
only one PLS per each elemental lens, which 
enhances the spatial resolution of the reconstructed 
3D images significantly.  

 

  
Fig. 2.  Structure of the proposed method. 

Propagation directions of the nine PLSs created by 
one elemental lens are not the same, as shown in Fig. 
2. This feature can be potentially utilized to increase a 
viewing angle.  

  
 

 
Fig. 3. Simulation setup.  

  
 

Figure 3 shows a simulation setup. In the first, we 
optimized the curvature radius of the elemental lenses, 
because simple elemental lens focuses the collimated 
incident waves from different illumination angles on 
the different planes. After optimization, a focal length 
of lens array was 4 mm. Size of lens array was 20x20 
mm2. Size of the one elemental lens was 1 mm. Fixed 
mirrors whose size is 200x200 mm2 were 260 mm far 
from the lens array and tilted by corresponding angles 
along XY axes. The distance between centers of the 
lens array and the scanning mirror was 200 mm.   
Nine collimated images from the projector are guided 
by a 2D scanning mirror to nine fixed mirrors.  

 
 

4. Results and discussion 
  

In the simulation, 1000000 rays were used. A 
simulation time was over 6 minute. Figure 4 shows 
the PLSs created by the proposed method. From Fig. 4, 
it can be seen that all the illumination from different 
directions are focused by the optimized lens array on 
the same focal plane. One elemental lens creates nine 
PLSs so that total number of the PLSs is nine times 
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larger than the conventional PLS display. 
 
  

 
Fig. 4. Simulation result. 

  
 

Figure 5 is the scatter chart which shows scattered 
rays at the PLS plane. Since units of X and Y axis are 
mm, we can determine the distance between PLSs. 
According to Fig. 5, the distances between two PLSs 
of the conventional system and the proposed method 
are equal to 1 mm and 0.33 mm, respectively. 
Although every elemental lens is supposed to create 
nine PLSs, some elemental lenses fail to create nine 
PLSs as shown in Fig. 5(b) 

 
  

 
Fig. 5. Scatter charts of (a) conventional system 

and (b) proposed method. 
  
 

From the simulation result, it can be confirmed that 
the number of the PLSs of the proposed method is 
nine times higher than the conventional PLS display. 
Those new additional PLSs increase the number of the 
collected rays in the integrated 3D points, such that 
angular resolution and the viewing angle are also 
enhanced. 

 

5. Summary 
  

High spatial resolution integral imaging display 
using time-multiplexed overlapped projection was 

proposed. The spatial resolution of the proposed 
method was nine times higher than the conventional 
PLS display, since we used just nine images that 
illuminates the lens array with nine different 
directions. If the number of illumination with different 
directions increases, the spatial resolution increases 
accordingly, thus the proposed system is scalable.  
The increased number of PLSs can also contribute to 
the enhancement of the viewing angle and the angular 
resolution. The proposed method does not require 
many projectors because we used time-multiplexed 
method unlike previous approach [6]. Experimental 
verification will be performed as a future work.  
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