
International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS) 

Volume VII, Issue XI, November 2018 | ISSN 2278-2540 

  

www.ijltemas.in Page 30 
 

Analysis of Analogy between Optical and Digital 

Domain 2D Fourier Transforms for Real Time Image 

Processing 

Dr. J. Veerappan
1
, Dr. R. Ganesan

2
 

1
Professor, Department of Electronics and Communication Engineering, Vel Tech High Tech Dr.Rangarajan Dr. Sakunthala 

Engineering College, Avadi, Chennai, Tamilnadu, India 
2
Professor, Department of Electronics and Instrumentation Engineering, Saveetha Engineering College, Chennai, Tamilnadu, 

India 

Abstract: Selection of a conventional Digital domain Image 

Processing (DIP) for real time applications depends upon its 

processing speed (frames per second (FPS)). At present, the 

Digital domain Fourier Transformer (DFT) and Inverse Digital 

domain Fourier Transformer (IDFT) in DIP consume much time 

in signal/image processing which is a constraint so that DIP is 

found to be widely applicable for the processing of various still 

images. The salient feature of Optical Fourier Transformer 

(OFT) in Optical Image Processor (OIP) is that it produces 

spectra of given image within few nanoseconds, whereas DFT in 

DIP produces the same in the order of milliseconds. Hence, the 

entire processing speed of OIP is similar to light propagation 

speed. In this paper, the analogy between Fourier Transforms in 

DIP and OIP also the replacement possibility of DFT by OFT in 

DIP are analyzed. It is found that any DFT in DIP may be 

replaced by OFT. This replacement would give an impetus to 

develop a new Hybrid Image Processing (HIP) and more suitable 

for real time applications. 
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I. INTRODUCTION 

n image processing, the emphasis must be given to the term, 

“Real time applications”.  If any process completed within 

the rate of incoming signal, then it is said to be suitable for 

real time applications [1-3]. Image processing may be viewed 

in two broad senses – Digital domain Image Processing (DIP) 

using computers and Optical domain Image Processing (OIP) 

using optics. 

DIP is found to be widely applicable for the processing of 

various still images obtained from space, aircraft, underwater 

etc. and works to give satisfactory results for such 

complicated images. DIP has been further enhanced by the 

introduction of various recent advanced techniques [4]. In 

spite of all these advantages, nowadays DIP is not widely 

preferred for real time applications because of its lesser 

processing speed. Since DFT and IDFT in DIP consume much 

more time in image processing, it is more suitable for still 

images. Even though DIP is applicable for moving image 

frames or video images (real time applications) by means of 

reducing their input frame rate (number of frames per second), 

the quality of the output is poor. 

The other method of image processing is Optical domain 

Image Processing (OIP). Comparing to DIP, OIP can process 

any complicated still images, video pictures or moving images 

[5] more successfully and the processing time is in the order 

of nanosecond, therefore its speed is in the order of 
810 FPS. 

An ordinary lens can act as both Optical Fourier Transformer 

(OFT) and Optical Inverse Fourier Transformer (OIFT).  So 

OFT in OIP would not be much expensive; also it can cut 

processing time significantly. But OIP has certain drawbacks 

too: i) it requires certain manual operations [4] to be 

performed during the filtering section. ii) It is highly difficult 

to perform spatial domain image processing techniques such 

as edge detection, and pixel extraction etc. This paper proves 

the advantages of OFT in DIP rather than DFT in DIP by 

taking a real time application [6,7].  

II. MOTIVATION OF OFT 

 OFT is a simultaneous process rather than the DFT which is 

under pixel by pixel processing.  That is, the spectra of the 

entire image can be obtained by manipulating the pixels 

simultaneously which is in a single step. But the real time 

application of DIP is only possible by either reducing their 

input frame rate or reducing the processing time lower than 

the real time of an image frame. One of the ways to reduce the 

processing time is the replacement of DFT in DIP by OFT. An 

ordinary lens can act as both Optical Fourier Transformer and 

Optical Inverse Fourier Transformer.  So the replacement of 

DFT in DIP by OFT would not be much expensive and also it 

can cut processing time of DIP significantly. 

III. REPLACEMENT OF DFT BY OFT IN DIP 

It is convenient to replace DFT by OFT in any DIP for real 

time applications if the output spectra of these two are close to 

each other for a given input image. This proof of spectral 

identity is illustrated below in the sub sections (3a and 3b). 

I 
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3 a. Identical Equations of DFT and OFT 

In DIP, DFT algorithm forms the spectra(𝑢, 𝑣) , 

which are the Fourier transform of the input𝑔(𝑥, 𝑦) [8]. 

𝐺 𝑢, 𝑣 =   𝑔(𝑥, 𝑦)𝑒−𝑗2𝜋(𝑢𝑥 +𝑣𝑦 )
∞

−∞

∞

−∞

𝑑𝑥𝑑𝑦 …(1) 

where  𝑢and 𝑣 are (electrical) spatial domain 

frequencies. 

In the OIP, according to scalar diffraction theory and 

Fraunhofer diffraction theory [6], the OFT lens forms the 

spectra𝐺(𝑢′, 𝑣 ′)in its back focal plane, which is the Fourier 

transform of object image𝑔(𝑥, 𝑦). 

𝐺 𝑢′, 𝑣 ′ = 𝐺  
𝑢

𝜆𝑓
 ,

𝑣

𝜆𝑓
 

=   𝑔(𝑥, 𝑦)𝑒−𝑗2𝜋(𝑢 ′𝑥+𝑣 ′𝑦)
∞

−∞

∞

−∞

𝑑𝑥𝑑𝑦 

…(2) 

Where 𝑢′ and 𝑣 ′are (optical) spatial domain 

frequencies. 

These equations 1 and 2 show that the basic equations of DFT 

and OFT are similar [6]. 

3 b. Analogy between DFT and OFT 

The (spatial domain) relation between the electrical 

spectra 𝐺 𝑢, 𝑣  and optical spectra 𝐺 𝑢′, 𝑣 ′  are derived from 

the Fraunhofer diffraction theory [6].  On comparing the 

equations 1 and 2, the relationship between electrical spatial 

domain frequencies, 𝑢 and𝑣 and optical spatial domain 

frequencies, 𝑢′and 𝑣 ′  is obtained as 

𝑢′ =
𝑢

𝜆𝑓
 and 𝑣 ′ =

𝑣

𝜆𝑓
 …(3) 

where 𝜆 is the wavelength of the light  which is 

passing through OIP and 𝑓 is the focal length of the lens. 

From the equation 3, the OFT spectra 𝐺 𝑢′, 𝑣 ′ are 

equal to scaled DFT spectra 𝐺 𝑢, 𝑣 with scaling factor 

of1/𝜆𝑓.  Hence, both DFT and OFT spectra are same when 

this scaling factor becomes unity.  Therefore, it is concluded 

that OFT is analogous to DFT with a phase factor. 

IV. EXPERIMENTAL 

The spectra of OFT , DFT and its difference of some 

Bio-medical images [9]  which are simulated using MATLAB 

(version 7) program [10,11] in Pentium-4 computer are shown 

in table.1. It is clear from the table (Table1) that though the 

spectra obtained by DFT are much closer to the spectra of 

OFT under these simulations, normal OFT spectra contain 

more spectral contents than DFT.  Because the absent of 

inherent errors due to sampling, quantizing and aliasing 

process in OFT whereas these errors are obvious in DFT. 

Hence, it comes to the conclusion from the above illustrations 

that DFT by OFT in DIP can be replaced thereby, reducing 

the processing time of the entire system. This feature allows 

for a real-time image processing. 

Table1: Comparison of DFT, OFT and (OFT-DFT) spectra 
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However, this replacement requires certain modifications. The 

concept of modification required for the replacement of DFT 

by OFT in DIP has been shown in figures 1(a) and (b).  

 
In the actual system (fig 1a) the given image is 

converted to electrical and then spectra of the image are 

obtained by DFT. In the modified system (fig 1b), the spectra 

of the given image obtained by OFT lens and then converted 

to electrical using a Digital camera.  

V. CONCLUSION 

This paper proves the spectral identity of DFT in DIP 

and OFT in OIP with suitable illustrations.  Hence, it is 

concluded that any DFT in DIP may be replaced by OFT.  

This replacement would give an impetus to develop a new 

Hybrid (optical and digital)  Image processing (HIP) and more 

suitable for real time applications.  Because the processing 

time of OFT is in the order of nanoseconds whereas in DFT it 

is in the order of milliseconds.  Hence, the concept of OFT in 

DIP is highly suitable for real time applications. 
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Fig.1 (a) Actual system   (b) Modified System 

 


