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1. Introduction 
Digital holography is a promising method for active and instantaneous three-dimensional (3D) 
measurement and numerical reconstruction. We have been trying to develop a 3D display system with 
3D measurement based on digital holography. In general, digital holography is defined as experimental 
3D measurement and 3D numerical reconstruction. We extend the definition to use optical 
reconstruction of 3D object obtained in the holographic measurement when any information 
processing is implemented in wavefront data to be reconstructed as 3D objects.  
  In this paper, we present our approach to build a 3D display system using digital holography as 
shown in Fig. 1 [1-3]. Figures 1(a) and 1(b) show 
a recording system and a reconstruction system, 
respectively. In the 3D measurement, 
phase-shifting interferometers with wide viewing 
angle is used. In the 3D reconstruction, 
time-shared illumination with variable 
reconstruction angle is used. We also propose a 
coherent amplification to increase the brightness of 
the reconstructed 3D objects even in the wide field. 
 
2. 3D Measurement with Digital Holography 
An instantaneous 3D measuring method with wide range is required. In conventional holographic 
measurement, a DC term and a conjugate term are noises. For the instantaneous measurements for 
obtaining only the object term, there are two approaches. One is a temporal-domain phase-shifting 
interferometer and the other is a spatial-domain phase-shifting interferometer.  
   We have demonstrated fast temporal-domain phase-shifting interferometer using electro-optic phase 
modulator [2]. The achieved speed is 500 Hz when the image sensor is operated at 2000 fps as shown 
in Fig.2. In spatial-domain phase-shifting interferometers, Dr. Awatsuji and Dr. Nomura proposed 
similar approaches [4,5]. The phase retardation is implemented in the spatial domain in the reference 
wave. These interferometers can be integrated into modules of spatial phase-shifting interferometers 
and then the modules can be distributed in the wide field as shown in Fig. 1(b). 
 
3. 3D Imaging and Display with Wide Viewing Angle 
It is well known that wavefront reconstruction is an ideal method for 3D display. One of the major 
problems in the wavefront 3D display systems is narrow viewing angle because a typical pixel size of 

               (a)                               (b) 
Fig.1 Schematic of the proposed 3D 
measurement and display system. 
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the spatial light modulator is around 10 µm and then the diffraction angle is a few degrees. To increase 
the viewing angle, a tilted illumination for time-sharing reconstruction can be used as shown in Fig. 
1(b). In Fig. 1(b), a spatial light modulator is used to reduce the number of spatial light modulators. The 
tilted illumination can make the reconstructed field wide, however, the position of 3D object is shifted 
according to the tilted angle and the distance between the object and the spatial light modulator. This 
might be unnatural 3D scene when the observer moves laterally to see different view. To reduce the 
affect of tilted illumination, we have proposed to change the reconstructed position close to the spatial 
light modulator [6].  
   In wide viewing zone, it is required to use high power light source. But there is the limitation of the 
incident power to avoid the damage in spatial light modulator. We have proposed a 3D display system 
with coherent amplification by using a polymer dye [3]. In the experiment, we used a polymer with 
Rohdamine 6G as a coherent amplifier. We demonstrated the image amplification using two images at 
different location. The amplification ratio of 15 was achieved in a thickness of 8 mm in end pump 
configuration. 

 

 

 

 

 

4. Summary 
We have presented our approach to build a 3D 
display system based on digital holography. For 
wide viewing angle, we have presented several techniques such as measurement, time-sharing 
display, and coherent amplification. These techniques can advance the wavefront 3D display system to 
next stage. 
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        (a)                   (b)                     (c) 
Fig.2 Recording and reconstruction of 3D 
object obtained at rate of (a) 60, (b) 1000, 
and (c) 2000 fps. 
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          (c)                                   (d) 
Fig.3 Reconstructed 3D objects by 
complex amplitude (a) at hologram plane, 
(b) at modified position, and 
reconstruction (c) by conjugate term at 
modified position, and (d) by phase 
distribution at modified position. 
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