










 

 

 
 The SLM due to its large pixel size produces on axis field only. It gives very good quality real images which 
can be easily captured with a CCD camera, however in our system we want to view the reconstructed images with eyes. 
Human eyes give 3D perception due to their horizontal separation, therefore our holographic image can give 3D 
perception for horizontal separation of the eyes only. For viewing images we will use an asymmetric diffuser, which 
diffuses field in one direction (fig.6) only, giving convenient observation conditions. This solution enables to see 3D 
scene, however the apertures in vertical direction are matched only. Due to horizontal non matching of apertures the 
vertical slices of the object appear. Also some noise caused by the diffuser is present. Exemplary reconstructions are 
shown in Fig.7. The noises can be limited by using an illumination source with limited coherence [16]. However the size 
of the source shall not decrease contrast of a holographic image [17]. 
 

 
 

Fig.6. The scheme of reconstruction system with two LC SLMs and an asymmetric diffuser:  λ/2 - half wave plate; L1 - converging 
lenses; BS - beam splitters; LCoS - HEO 1080P; AD - asymmetrical diffuser. 

 

                         
 

        
 

Fig.7.  Optical reconstructions of the hologram viewed at an  asymmetrical diffuser and captured by a digital camera located at 
different horizontal positions 

 
The reconstruction setup consists of a laser  (wavelength 532nm) and two LC SLMs  illumination system. The beam 
travels through a half wave plate, which sets a proper polarization needed for the best quality of reconstructed 
holograms. The polarization is aligned according to LC SLM molecules. A set of pinhole (diameter 5μm), and a 
collimating lens generate plane wave illumination. Next a plane wave is divided by a beam splitter, so that two SLMs are 
illuminated. One of the SLMs is tilted at an angle of 2o, while the second one is illuminated along its normal. The 
asymmetrical diffuser AS is placed in a holographic image plane. 
 The images in Fig. 7 illustrate how the image changes with the side-movement of a digital camera which 
simulates horizontal movement of a head. Both parts of an object (“REAL3D” and “by WUT”) were separated with a 
3cm distance in longitudinal direction.  
 We had considered also another holographic image observation setup in which the observation was performed 
through an eyepiece (Fig. 8). This method provides minimum mismatch of apertures of the object wave and an eye and 
gives us the best quality of reconstructions so far. Unfortunately  small exit pupil causes non convenient viewing 
conditions. We have to position properly our eyes to see reconstructed images - eye diaphragm has to be positioned at 
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holographic display exit pupil. Figure 9 presents some exemplary reconstructions, registered by a digital camera 
simulating visual human perception of holographic image. 

 

 
Fig.8. The scheme of reconstruction system with two LC SLMs and an eyepiece:  λ/2 - half wave plate; L1 - collimating lens; 

  L2 - converging lens (eyepiece); BS - beam splitters; LCoS - HEO 1080P. 
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Fig.9. Optical reconstruction of the hologram viewed through an eyepiece and captured by a digital camera located at different 
horizontal positions 

 
 

Through both experiments (Fig.7 and Fig.9) is clearly seen that by adding the second SLM we are able to increase the 
viewing angle. What is more, an overlapping of two parts of 3D object  is noticeable with the horizontal movement  of a 
camera (eye). 
 

6. CONCLUSIONS 
 

 In the paper we have presented the design of  a wide viewing angle display system capable of displaying digital 
holograms captured in a rotary CCD configuration. We have discussed the two possible configurations of  multi LC 
SLMs system. The first one with a normal LC SLM illumination and the second one with tilted LC SLMs  and parallel 
illumination. The second solution gives a simpler setup, however it requires processing of captured holograms. Therefore 
we  have developed a tilted plane algorithm, necessary for recalculation of holograms. Finally we have presented 
different means of visual perception of holographic images: with an asymmetric diffuser and with an eyepiece.  
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