
OpenHolo Algorithm Guide                                                                        1 

 

 

 

  

  

  

  

  

OpenHolo Algorithm Guide 

(Hologram Core Processing ::  

Off-axis hologram) 

 

 

Seung-Ram Lim 

   

 

OpenHolo Commission 

 

 

  



OpenHolo Algorithm Guide                                                                        2 

 

 

 

 

Contents 

 

1. Introduction ······························································································· 3 

2. Algorithm ··································································································· 4 

 2.1. Off-axis hologram transform method ································································ 4 

3. Implementation S/W ····················································································· 6 

 3.1. Off-axis hologram transform method ································································ 6 

4. Reference ··································································································· 6 

  



OpenHolo Algorithm Guide                                                                        3 

 

 

 

1. Introduction 

Complex hologram records the amplitude and the complete phase of the diffracted optical field, 

reconstruction of the complex hologram can give the 3D image of an object without the twin-image 

and background noise [1]. However, a conventional SLM cannot represent a complex hologram 

because the SLM can represent either amplitude or phase. Because a conventional amplitude-only 

SLM can modulate the amplitude of an optical field, we can represent either the real or the imaginary 

part of the complex hologram with DC bias. However, when we reconstruct the 3D image of the object 

optically for 3D display using an amplitude-only SLM, the reconstructed 3D image of the object is 

corrupted by the twin-image and background noise. On the other hand, a phase-only SLM modulates 

only the phase of an optical field, and, thus, if we represent the phase of the complex hologram using 

the phase-only SLM, the reconstructed 3D image is distorted by amplitude flattening. 

Convert complex holograms into off-axis holograms, which can reconstruct 3D images of objects 

without distortion due to twin image noise, background noise, and amplitude flattening [4]. 
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2. Algorithm  

 2.1. Off-Axis hologram transform method  

In the off-axis hologram, the optical axis of the reference wave is tilted to that of the object wave. 

The angle between the optical axes of the reference and object waves introduces a spatial carrier 

within the hologram. The spatial carrier allows the separation of the desired 3D image of the object 

from the twin-image noise and background noise in the reconstruction stage [2,3]. To convert the 

complex hologram to an off-axis hologram, we multiply a spatial carrier term to complex hologram, 

𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥. 

 

𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥
𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑐𝑎𝑟𝑟𝑖𝑒𝑟(𝑥, y) = |𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥|𝑒𝑥𝑝(𝑗∠𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥) × 𝑒𝑥𝑝 (𝑗

2𝜋 sin 𝜃

𝜆
𝑥)

= |𝐻|𝑒𝑥𝑝 [𝑗 (∠𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥 +
2𝜋 sin 𝜃

𝜆
𝑥)]                                            (1) 

 

where ∠ represents the phase of a complex function, and 𝜃 is a tilted angle between the optical 

axes of the reference and object waves. Note that we need to choose the off-axis angle, 𝜃, large 

enough to separate the desired 3D image from the twin-image and background noise [2,3]. The spatial 

carrier that is added to the complex hologram separates the background noise as the zeroth-order beam 

and the twin image as the first-order beam, which are spatially separated from the desired 3D image 

in the optical reconstruction. [2,3]. To acquire an off-axis real hologram suitable for display on an 

amplitude-only SLM, we extract the real part of Eq. (1) and add a DC bias to give 

 

𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥
𝑜𝑓𝑓−𝑎𝑥𝑖𝑠(𝑥, 𝑦) = 𝑅𝑒[𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥

𝑠𝑝𝑎𝑡𝑖𝑎𝑙𝑐𝑎𝑟𝑟𝑖𝑒𝑟(𝑥, 𝑦) ] + 𝑑𝑐

= |𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥
𝑠𝑝𝑎𝑡𝑖𝑎𝑙𝑐𝑎𝑟𝑟𝑖𝑒𝑟(𝑥, 𝑦)|𝑐𝑜𝑠 (∠𝐻𝑐𝑜𝑚𝑝𝑙𝑒𝑥 +

2𝜋 sin 𝜃

𝜆
𝑥) + 𝑑𝑐           (2) 

 

where dc is a DC bias added to make the off-axis hologram become a positive value. 
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Code 1. Algorithm 2.1. Pseudo Code 

 

 

 

 

 

 Off-axis hologram transform method 

Input  data.mat : The complex hologram data (h) 

Output  OFF_H.mat : Transformed off-axis hologram (H) 

1 

2 

3 

4 

5 

6 

%% Convert off-axis hologram 
clear 
%Load the hologram data 
load data 

  
%off-axis carrier generation 

  
n=0;  
for x=-511:512 
    n=n+1; 
    m=0; 
    for y=-511:512 
        m=m+1; 
H(m,n) = h(m,n).*exp(j*((2*pi)/4)*x); 
    end 
end 

  
%extracting real part 
H=real(H); 

  
% put dc term 
H = H - min(min(H)); 

  
%normalization 
M=max(max(H)); 
H=H./M; 

  
save OFFH_H H 
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Fig 1. Algorithm 2.1. Flow Chart 

 

3. Implementation S/W 

 3.1. Off-axis hologram transform method 
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Type Source File S/W Description 

Matlab offaxisTrans.m  
This function transforms complex 

hologram to an off-axis hologram. 


