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Abstract: Optical scanning holography is an incoherent optical image 
processing system. It is a technique, where the complete information of an 
object or image will be recorded as a hologram and later reconstructed to get 
back the original image. In the hologram reconstruction process, a virtual 
image is formed along with the real image, which appears as a twin image 
noise. To eliminate such noises, a technique of hybrid algorithm is used while 
recording the hologram itself. The MATLAB R2012b image processing tool is 
used for simulation and the simulated values are tabulated and compared with 
the existing method in terms of peak signal to noise ratio, mean square error. In 
the reconstruction, the proposed method results are having 26% increment in 
the MSE and PSNR values. To further improve the MSE and PSNR values a 
case study using different denoising techniques combined with the proposed 
hybrid algorithm is used and found considerable improvement of 32%. Hence 
the image quality is increased. 

Keywords: optical scanning holography; Fresnel zone plate; optical transfer 
function; OTF; spatial frequency; twin image noise; denoising. 
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1 Introduction 

Holography was invented in 1948 as an imaging technique (Gabor, 1948) for recording 
the 3D object information. In greek language ‘holos’ means whole and ‘graphein’ means 
to write or record hence holography means recording the whole information of an object 
(Poon, 1996). In digital holography the recorded hologram can be digitally stored in the 
computer as an interference pattern with help of charge coupled devices (CCD) (Zhenbo  
et al., 2015). Optical scanning holography (OSH) is an imaging technique as well as 
digital holography which was first suggested by Poon and Korpel (1979), in which, by 
means of heterodyne optical scanning, the holographic information of an object can be 
recorded and reconstructed digitally to obtain the original image (Poon, 2001). The 
importance of OSH is bypassing the use of film recording. It is an incoherent optical 
image processing method which provides better signal to noise ratio than coherent part. 
OSH has the ability to generate hologram for the fluorescent emission distributed in a 3D 
structure (Indebetouw et al., 2006). Tsang et al. (2015) stated to acquire wide field scenes 
and high resolution holograms OSH technique can be used and also demonstrated 
compressed OSH in which the time taken to acquire the hologram is less. 

Nowadays there are many advantages in OSH than 3D sectioning methods since it 
will generate a 3D hologram from 2D scanning (Kuo and Tsai, 2003). OSH principle is 
used in applications like 3D holographic microscopy, optical recognition of 3D objects, 
3D optical remote sensing, 3D holographic TV and display, 3D optical scanning 
cryptography (Poon, 2004), medical image recognition (Therese and Sundaravadivelu, 
2012). In this paper removal of twin image in OSH leads to enhancement. Hence OSH 
can be considered as a pre processing method in image processing. This paper is 
organised as follows, in Section 2 related work is discussed, in Section 3 proposed 
method and algorithm are explained, simulation results and the performance analysis are 
discussed in Sections 4 and 5, followed by case study in Section 6. 
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2 Related work 

In OSH while reconstructing the hologram there is a presence of twin image which is 
considered as a noise. According to McElhinneya et al. (2008). The twin-image can be 
segmented and filtered after reconstruction. A method is explained by Lee et al. (2015) in 
which hologram acquisition is based on time resolved heterodyne analysis. Park et al. 
(2005) demonstrated the optical reconstruction using amplitude only Spatial Light 
Modulators and phase only spatial light modulators. Twin image and background noises 
are eliminated. Since OSH is an incoherent imaging technique, it is able to overcome the 
spatial resolution limit by adding the offaxis scanning hologram with a pupil larger than 
the object demonstrated by Rosen et al. (2012). Kim (1997) proved in his article OSH for 
3D imaging that acquisition of hologram without speckle noise and twin image noise is 
possible. Twin image elimination is achieved through recovering the phases of diffraction 
in less intensity signals (Chen et al., 2016). To remove the twin image an iterative 
algorithm is suggested and its ability through simulated and real data is demonstrated. 
Reconstructed images of small objects from a digital hologram can be enhanced by this 
method (Denis et al., 2008). By using complex hologram twin-image was rejected (Poon 
et al., 2000). To remove the twin image, digital filtering and electronic multiplexing are 
used (Ke et al., 2011; Doh et al., 1996; Kim et al., 1998). n this paper a new algorithm for 
twin image rejection by varying the spatial frequency is proposed. 

3 Proposed methodology 

OSH is based on the principle of acousto optic heterodyne scanning and consists of 
recording and reconstruction stages. In the reconstruction of the OSH which was 
demonstrated by Poon experienced some noise in the form of twin image. In proposed 
method to remove the twin image noise and also to improve the image quality a hybrid 
algorithm is used. In this proposed algorithm while recording the hologram the 
combination of new OTF and conventional OTF by varying the spatial frequency (kx, ky) 
along with depth parameter (z = 2σk0) keeping wavelength of the light λ(633 nm) is 
constant. Then the resultant updated hologram is reconstructed with the help of 
simulation and the results are obtained and compared. 

3.1 Optical scanning holography (experimental setup) 

The experimental setup of OSH (Figure 1). Collimated laser is used to light up the pupil 
P1(x, y) at the frequency of ‘f’. Another pupil P2(x, y) is illuminated by the laser with  
‘f + ω’. Acousto optic frequency shifter (AOFS) is used to create a different temporal 
frequency ω. In the recording stage 3D object or 2D image is being scanned by a two 
dimensional time dependant Fresnel zone plate (TDFZP) which is formed by the waves 
from beam splitters BS1 and BS2 at different temporal frequencies(f, ω). The two 
dimensional sine and cosine FZP hologram is generated using TDFZP. In this paper when 
the test image is scanned by 2D mirror the amount of light transmitted through the image 
is collected by the photo multiplier and the resultant heterodyned current Iω (x, y) is 
delivered as the output. This current contains the hologram information of the input 
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image. It is mixed with cosωt or sinωt to obtain the in phase and quadrature components 
of the demodulated current respectively as the reconstruction part 

The OTF existing along with variations in the parametric values of kX kY and σ have 
resulted in reduction of the twin image noise. When adding the OTF new as a feed 
forward component, the gain margin of the response is reduced and the noise present in 
the OTF existing is thereby reduced. This feed forward addition is a result of generating a 
noiseless reconstruction of the hologram. 

Figure 1 OSH experimental setup 

 

Notes: BS1, BS2 – beam splitters; M1, M2 – mirrors; AOFS – acousto optic frequency 
shifter; L1, L2 – lense; PMT – photo multiplayer; P1(x, y) = P2(x, y) – pupils. 

Source: Poon (2001) 

3.2 Algorithm 

The proposed method also consists of recording and reconstruction stages. In order to 
generate the updated hologram (recording) and to reconstruct the test image with a better 
quality compared to the existing method hybrid algorithm is used. The steps which are 
used in creating the new OTF is shown as the flow chart (Figure 2): 

Step 1 Reading the parameters kx, ky, σ, λ, M, R, C 

Step 2 Calculate OTF Existing 

Step 3 Vary kx, ky and sigma 

Step 4 Calculate New OTF 

Step 5 Add existing and new OTF to obtain the updated hologram 

Step 6 Obtain the complex conjugate of updated hologram 
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Figure 2 Flowchart for finding new OTF 

 

Figure 3 Flow chart-two stages of OSH 
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Figure 3 explains about the updated hologram generation (recording) and reconstruction 
stages of OSH. Here Sin hologram is taken into considerations and the resultant 
reconstructed image did not have the twin image noise effect. 

As shown in (Figure 1) two pupils like P1(x, y) = P2(x, y) = δ(x, y), are chosen. The 
OTF of the optical scanning system is given by, 

( )
0

22
, : : exp

2x y

yx

z
OTPω k k z j

kkk

  
− +  

  
 (1) 

( ), :OSH x yOTF k k z=  (2) 

where 

z depth parameter measured away from the scanning mirror 

ko 2
λ
∏ ; wave number of the light 

kx, ky spatial frequencies 

λ 633 nm. 

The subscript OSH means the OTF of the holographic recording. 
The test image t(x, y) was recorded as a two dimensional hologram and the recorded 

hologram can be written as: 

( ){ } ( ){ }
1 2

0( , ) , : , :F x y OSH x yt x y Re F k k z OTF k k z dz
− 

= Γ    (3) 

The holographic recording is written in terms of impulse response: 
2

0( , ) * ( , : )t x y Ro h x y z dz = Γ   (4) 

where |Г0| represents light intensity distribution: 

( ) ( )
2 22

0 0 0δ x x y yΓ = − + −  (5) 

The sine-Fresnel zone plate (sine-FZP) hologram and cosine-Fresnel zone plate  
(cosine-FZP) hologram is given by equations (6) and (7). 

( )
2

0sin( , ) Re , :t x y h x y z dz = ⊗ Γ    (6) 

( ) ( )
2

0cos( , ) Im , : , :t x y h x y z x y z dz = ⊗ Γ    (7) 

In the proposed method sine-FZP hologram of the test image is used for further 
reconstruction. The twin image exists upon the reconstruction hence to remove the twin 
image in the simulation we have modified the spacial frequencies kx, ky in the optical 
transfer function and created the OTFnew is given by: 

0

22
exp *2 *

2new

yx

Z
OTF j π

kkk

  
 = −  +     

 (8) 
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21 1
2x

M
k R δf

λ
     

= − − − −          
 (9) 

2y

M
k C δf

   
= −       

 (10) 

where 

R, C image matrix 

M image size 

δf scale factor. 

The need for inducing new expressions for kx, ky is the inherent problem with spatial 
frequencies. The lower the spatial frequency the lesser data carried by it. Since the image 
size is being reduced from 1,024 pixels to 512 pixels, the compression itself allows for 
loss of data from the pixels. This causes the image sharpness to be blurred around the 
edges and allows for a spatial frequency that can be represented using a sine wave. The 
drawback of the sine wave frequency causes the image components to be out of focus. In 
order to overcome this deficit a new equation for regenerating the kx, ky values are 
introduced in equations (9) and (10). It converts the sine wave into a square wave 
estimate. This conversion intermittently improves the image sharpness at lower 
resolutions. 

The hybrid hologram is obtained by adding the OTFosh (1) and OTFnew (8) and the 
updated hologram of the test image t(x, y) is given by: 

( ){ } ( ){ }21
e 0( , ) R , : , :F x y new x yt x y F k k Z OTF k k Z dz− 

= Γ    (11) 

In frequency domain holographic recording process can be interpreted as the spectrum of 
the image along with depth (z) which is processed by OTFnew. In the reconstruction 
process the quality of the image is increased by the addition of both OTFs. 

4 Simulation results 

Input brain image and impulse response of OSH are shown [Figures 4(a) and 4(b)].  
Figures 4(c) and 4(d) represents the sine and cosine FZP holograms respectively, 
obtained in existing method. Reconstructed hologram images from the existing method 
and proposed method are shown respectively [Figures 4(e) and 4(f)]. The constants of  
equation (8) are combined together and named as ‘σ’= πz/ko for simulation purpose. The 
existing method hologram which is created using OTFosh is added with the hologram 
which is obtained from OTFnew, resulting an upgraded hologram. After many experiments 
for a wide range of kx, ky and σ, we have arrived to an optimal value of σ = 0.001,  
kx = ky = –5 gave better MSE and PSNR. 
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Figure 4 (a) Input image (b) Impulse response of OSH (c) Sin FZP hologram (d) Cosine FZP 
hologram (e) Existing method reconstruction of sine hologram kx, ky = –12.8 and  
σ = 0.51twin image noise exists (f) Reconstruction of sine hologram in proposed 
method kx, ky –5 and σ = 0.001 no. twin image noise 

  
(a)     (b) 

  
(c)     (d) 

  
(e)     (f) 
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5 Performance analysis 

We have evaluated the obtained reconstructed images rather than visual inspection in a 
quantitative manner by measuring PSNR and MSE. 

If image pixels are represented with 8 bit and signals are represented as 255, the 
PSNR may be defined as the ratio of maximum signal power to the corrupted signal: 

2

10
25510*logPSNR
MSE

 
=  

 
 (12) 

where 

[ ]
21 1

0 0
1 ( , ) ( , )M N

i jMSE x i j y i j
MN

− −
= == −   (13) 

Here x(i, j) is the original image and y(i, j) is the retrieved image and M, N are the size of 
the image. 

The results are tabulated and compared with existing method for various images. The 
results are shown in Tables 1 and 2. To generate the hologram, the standard OTF is 
studied and analysed along with basic parameters like σ, kx, ky which are shown in  
Table 1. 

The experiment is done for wide range of kx, ky from –500 to +500, and σ from 10  
to 0.001 some of them are tabulated in Table 1 for reference. We concluded that the 
optimal value of kx, ky = –5 and σ = 0.001 gave better results. 
Table 1 Evaluation of MSE and PSNR for wide range of kx, ky and σ for reference brain image 

kx, ky σ MSE PSNR (dB) 

–500 10 0.4214 51.8834 
1 0.4214 51.8834 

0.001 0.4214 51.8834 
–100 10 0.4214 51.8834 

1 0.4214 51.8834 
0.001 0.4214 51.8834 

–50 10 0.4432 51.6644 
1 0.4241 51.8858 

0.001 0.0345 62.7478 
–5 10 0.4436 51.6607 

1 0.4236 51.8608 
0.001 0.0193 65.2721 

5 10 0.5786 50.5073 
1 0.5939 50.3940 

0.001 0.4215 51.8832 
50 10 0.4214 51.8834 

1 0.4214 51.8834 
0.001 0.4215 51.8829 
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Table 1 Evaluation of MSE and PSNR for wide range of kx, ky and σ for reference brain image 
(continued) 

kx, ky σ MSE PSNR (dB) 

100 10 0.4214 51.8834 
1 0.4214 51.8834 

0.001 0.4215 51.8834 
500 10 0.4214 51.8834 

1 0.4214 51.8834 
0.001 0.4234 51.8834 

Table 2 Comparison between existing and proposed method for various images  
(see online version for colours) 

Type of image 

Proposed method  Existing method  % increment 

MSE 
PSNR 
(dB) 

 MSE 
PSNR 
(dB) 

 MSE PSNR 

Brain image 0.0193 65.2721  0.4214 51.8834  95.8 25.8 
Chest X-ray 0.2181 54.7446  0.7031 49.6608  68.9 10.2 
Spinal CT1 0.0043 71.7701  0.0432 61.7774  90.0 16.1 
Spinal CT2 0.2783 53.6766  0.5669 50.5958  50.9 6.0 
Angiogram 0.0003 82.9210  0.8497 48.8382  99.9 69.7 

Average increment   81.12% 25.56% 

Figure 5 Comparison of PSNR for various images (see online version for colours) 

 

For the given brain image the comparison of PSNR and MSE for various range of kx, ky 
with fixed σ = 0.001 is shown in Figures 5 and 6. Compared with the existing method the 
proposed method gives 26% increment of PSNR and better MSE. This algorithm holds 
good for other medical images like chest x-ray, spinal CT, angiogram etc. The proposed 
method is tested for various images and the results are shown in Table 2. While 
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comparing the MSE is very low (0.0003) than existing method, which indicates that the 
robustness of the image is increased. The visual quality of the reconstructed images is 
consistent with the quantitative evaluations. 

The figures indicate the MSE, PSNR value for various images. The proposed 
algorithm resulting on low MSE values and considerable increase in PSNR values. But at 
the same time it was evident that with this technique we can achieve up to 26% 
improvement on MSE and PSNR against the conventional methodology. 

Figure 6 Comparison of MSE for various images (see online version for colours) 

 

6 Case study 

6.1 Denoising technique 

In a quest to further improve the PSNR value, after going through a lots and lots of 
Literature surveys (Bhuvaneswari et al., 2014; Tahoces et al., 1991; Kundu, 2013; 
Prabhpreet et al., 2016; Kumar and Datta, 2016; Ali, 2016; Mozammel et al., 2016) it was 
found, using denoising technique would have a considerable impact on the PSNR value. 
In the wake of doing a statistical analysis, we are considering chest x-ray images as the 
source in this case study since medical x-ray images are naturally low contrast, low 
brightness and having noise. 

The following tabulations demonstrates the impact of inducing the said noises: 

1 speckle 

2 salt and pepper 

3 Gaussian 

4 poison. 

And then de-noising the same with the said filters: 
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1 circular average filter 

2 Weiner filter 

3 median filter 

4 average filter 

5 Gaussian filter 

6 Haar filter. 

After denoising the proposed method is applied. The outcome of this technique proved to 
have a significant impact in improving the quality of the chest x-ray image. Figure 7 and 
Figure 8 visually indicated the effect of hybrid algorithm. The combination of input 
image, noisy image, OSH reconstructed image for two different noises like Gaussian, Salt 
and Pepper are shown in Figures 7 and 8. 

Figure 7 (a) Input image (b) Gaussian noisy image (c) OSH reconstructed image 

 
(a)    (b)   (c) 

Figure 8 (a) Input image (b) Salt and pepper noisy image (c) OSH reconstructed image 

 
(a)    (b)   (c) 
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Table 3 Case study result 
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Table 3 Case study result (continued) (see online version for colours) 
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Table 3 Case study result (continued) 
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Table 3 Case study result (continued) 
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Table 3 Case study result (continued) 
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Table 3 Case study result (continued) 
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Table 3 Case study result (continued) 
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Table 3 Case study result (continued) 
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Based on the results of inducing noises to the input images and then denoising using 
different filters after applying the proposed technique we discovered three advantages: 

1 improved PSNR 

2 improved MSE 

3 improved execution time. 

Especially this proposed method is more suitable for noisy medical images like chest  
x-rays. We infer from Table 2 the PSNR of chest x-ray image is boosted to 54.7446dB 
from 49.6608dB. In Table 3 we can observe still more improvement in PSNR with 
denoising up to maximum 65.12dB. This is 32% increment for PSNR. For the  
above-denoised filters for the various noises, the PSNR and MSE values are tabulated. 

7 Conclusions 

OSH is an incoherent optical image processing method in which film recording is 
eliminated for recording which has got plenty of applications especially in medical field. 
In our work we have shown that the twin image created during the reconstruction process 
of the hologram can be eliminated by means of this proposed hybrid algorithm and the 
image quality can be improved. This work can be done for cosine hologram also. This 
method will be applicable for the images having more noise like medical images. The 
various parameters like PSNR, MSE are calculated and tabulated. A case study by 
inducing noise and then denoising the same by using different filter was done to achieve 
32 % increase in PSNR value. Hence, OSH can be considered as a pre processing method 
in image processing. 
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