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Abstract 

 
The main parts of the digital signal processing are the mathematical 

operations. These operations can be done using many algorithms, such as fixed-

point, floating-point, logarithmic, and residue number systems. In fixed-point 

arithmetic, the data format was usually adopted in the first generation of digital 

signal processor, the major limitation of fixed-point data formats is their restricted 

dynamic range and accuracy. When a large dynamic range and high precision are 

required, a floating-point data format or logarithmic is often adopted. The Residue 

Number System (RNS) is an integer capable of supporting parallel, carry free and 

high-speed arithmetic. The system also offers useful properties for error detection, 

error correction, and fault tolerance in digital systems. 

 

An RNS can be used to represent very large integers as residues of 

manageable word length and to exploit the independence of these residues to 

facilitate parallel computations. 

 

This thesis is concerned with Image Processing using RNS. The RNS offers 

the advantage of using integer based arithmetic operations and a simple hardware 

realization involving arrays of look-up tables stored in high density Read Only 

Memories (ROMs). In residue number system scaling is necessary to keep the data 

within the limited dynamic range. The effects of residue scaling on the 

performance of image processing are described in this thesis.  

 

In this thesis, realizations of many algorithms for image processing using 

residue number system have been presented. Realization of Discrete Wavelet 

Transform (DWT), Inverse Discrete Wavelet Transform (IDWT), edge detection, 

image denoising and image compression are demonstrated. Different examples for 

each application are given.  
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Simulation of DWT and IDWT algorithms using RNS are presented. The 

use of RNS allows the decomposition of a given dynamic range in slices of smaller 

range on which the computation can be efficiently implemented in parallel. In 

addition, the power dissipation is reduced by taking advantage of the speed-up due 

to the parallelism of the RNS structure. Simulation results demonstrate that the 

suggested algorithm is efficient and faster than the floating-point double precision 

method with enhancement ratio of 30% in DWT and 71% in IDWT. This 

algorithm can be used for further studies in the field of image processing. 

 

Edge detection in the field of image processing is one of the most important 

areas of interest. It is used in many different applications in image processing, such 

as diagnosis in medical imaging, topographical recognition and automated 

inspection of machine assemblies. In this thesis a fast wavelet-based edge- detector 

scheme for digital images is proposed. This scheme is based on properties of the 

wavelet transform and advantages of the Residue Number System. Simulation 

results presented in this thesis demonstrate that the suggested algorithm is faster 

than floating point DWT method with enhancement ratio increasing with the 

increase in the image size.   

 

There are several types of image denoising available to achieve higher 

degree of denoising without any significant loss in the visual quality of the image. 

In this thesis, a proposed algorithm based on Residue Number System is used. The 

behavior of the mean filter with different type of images is studied. To analyze the 

performance of the proposed algorithm, Gaussian and Salt and Pepper noise are 

used. Image quality is measured objectively, using signal-to-noise ratio or picture 

quality scale, and subjectively, using perceived image quality. The values of the 

output Signal to Noise Ratio (SNR) of the proposed algorithm, with small 

wordlength, are all the same as that given by the floating-point double precision 

method.  
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Finally, a fast image compression algorithm using Residue Number System 

is proposed. The use of the RNS allows the decomposition of a given dynamic 

range in slices of smaller range on which the computation can be efficiently 

implemented in parallel. Simulation results show that the suggested algorithm is 

efficient. The output SNR and Peak Signal to Noise Ratio (PSNR) values of the 

proposed algorithm, with small wordlength (12 bits), are all the same as that given 

by the floating point double precision method (64 bits). 
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