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Abstract – Low-power design is one of the most important 

challenges to maximize battery life in portable devices and to 

save the energy during system operation. Discrete Cosine 

Transform (DCT) is widely used in image and video 

compression standards. In this paper, we review on a low-

power DCT (Discrete Cosine Transform) architecture using 

varies techniques. Discrete Cosine Transform (DCT) is one of 

the most popular lossy techniques used today in video 

compression schemes. Several algorithms have been proposed 

to implement the DCT. Loeffler (1989) has given a new class of 

1D-DCT using just 11 multiplications and 29 additions. But 

multiplier consumed more area compared to adder. Multiplier-

less implementation approach provides a solution to reduce 

chip area, lower hardware-complexity and higher speed of 

computation of the DCT architecture. This paper shows the 

study of multiplier-less CORDIC technique. 
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Discrete Cosine Transform (IDCT), CORDIC 

 

I . INTRODUCTION 
 

The rapid growth of multimedia services running on 

portable applications demands low power and high quality 

implementation of complex signal processing algorithms. 

The applications of multimedia systems involve image and 

video processing and it should be implemented with low 

cost and low power because of limited battery lifetime. 

Many papers have been published on reducing power 

dissipation of image and video applications, especially low 

power design of discrete cosine transform [1]. DCT is a 

computation intensive operation in image and video 

compression. It is used in image and video compression 

standards such as JPEG [2], MPEG, H.263 [3] and H.264. 

The direct implementation of DCT requires large number of 

multipliers and adders. Many previous works focused on 

Distributed Arithmetic (DA) based DCT & multiple 

constant multiplications [4]. To reduce the power 

consumption Distributed Arithmetic (DA) is used without 

multiplier [5]. DCT implementation using distributed 

arithmetic [DA] includes several advantages such as area 

reduction and high speed performance. High speed can be 

achieved by using conventional DA implementation by pre-

computing possible values and storing it in ROM. But ROM 

based DA has the disadvantage of redundancy which is 

introduced to accommodate all possible combinations of bit 

patterns of input signals. A regular and simple DCT 

architecture can be obtained by using bit serial DA based 

approach. MCM based DCT can be implemented with a 

smaller number of shifts and add operations. 

The Discrete Cosine Transform (DCT) is a Fourier-like 

transform, which was developed by Ahmed, Natarajan and 

Rao in 1974. It has become one of the most widely used 

transform techniques in digital signal processing. The DCT 

is one of the computationally intensive transforms which 

require many multiplications and additions [1], while the 

Fourier Transform represents a signal as the mixture of sine 

and cosine, the Cosine Transform performs only the cosine-

series expansion. The purpose of DCT is to perform de-

correlation of the input signal and to present the output in 

the frequency domain. The DCT is known for its high 

“energy compaction” property, meaning that the 

transformed signal can be easily analyzed using few low-

frequency components [4]. It turns out to be that the DCT is 

a reasonable balance of optimality of the input de-

correlation (approaching the Karhunen-Loève transform) 

and the computational complexity. This fact made it widely 

used in digital signal processing [2]. 

The entire fast algorithm still require floating point 

multiplication which is slow in both hardware and software 

implementation. To achieve faster implantation, coefficients 

can be scaled and approximated by integer such as floating 

point multiplication can be replaced by integer 

multiplication [6]. This can be done by rounding floating 

point value to integer value by multiplying floating point 

value. Where can be any integer number? This is called as 

fixed point arithmetic. The resulting algorithms are much 

faster than the original version and therefore have wide 

practical applications. 

It presents a challenge for the traditional video coding 

paradigms to fulfill the requirements posed by these 

applications. So, there is a need for the low cost and power 

encoding device possibly at the expense of slightly complex 

decoder. Additional challenge arises while trying to achieve 

the efficiency as of those achieved by the traditional coding 

techniques, like those of MPEG-x or H.26x when the 

complexity shifts from encoder to decoder. 
 

Figure 1: Ideal coding architecture for upcoming video 

applications 
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Distributed source coding (DSC) mainly depends on the 

principle of independent encoding and joint decoding. 

 

II. RELATED  WORK 
 

Mamatha I et al. [1], Discrete Fourier Transform is 

widely used in signal processing for spectral analysis, 

filtering, image enhancement, OFDM etc. Cyclic 

convolution based approach is one of the techniques used 

for computing DFT. Using this approach an N point DFT 

can be computed using four pairs of [(M-1)/2]-point cyclic 

convolution where M is an odd number and N=4M. This 

work proposes an architecture for convolution based DFT 

and its FPGA implementation. Proposed architecture 

comprises of a pre-processing element, systolic array and a 

post processing stage. Processing element of systolic array 

uses a tag bit to decide on the type of operation 

(addition/subtraction) on the input signals. Proposed 

architecture is simulated for 28 point DFT using ModelSim 

6.5 and synthesized using Xilinx ISE10.1 using Vertex 5 

xc5vfx100t-3ff1738 FPGA as the target device and can 

operate at a maximum frequency of 224.9MHz. The 

performance analysis is carried out in terms of hardware 

utilization and computation time and compared with 

existing similar architectures. Further, as the convolution 

based DCT has two systolic arrays similar to that of DFT, a 

unified architecture is proposed for 1D DFT/1D DCT. 

Teena Susan Elias et al. [2], the paper describes the 

design of one-dimensional discrete cosine transform (DCT) 

which is widely used in image and video compression 

systems. The objective of this paper is to design an area 

efficient fully parallel distributed arithmetic (DA) 

architecture for one-dimensional DCT to be implemented on 

field programmable gate array (FPGA). DCT requires large 

amount of mathematical computations including 

multiplications and accumulations. The multipliers consume 

increased power and area; hence multipliers are completely 

discarded in the proposed design. Distributed arithmetic is a 

method of modification at bit stream for sum of product or 

vector dot product to hide the multiplications. DA is very 

much suitable for FPGA designs as it reduces the size of a 

multiply and accumulate hardware. The speed is increased 

in the proposed design with the fully parallel approach.  In 

this work, existing DA architecture for 1D-DCT and the 

proposed area efficient fully parallel DA architecture for 

1D-DCT are realized. The simulation is performed using 

Modelsim6.2b and synthesized with Xilinx ISE Simulator. 

The 1D-DCT can be extended to 2D-DCT by using row 

column decomposition technique. 

E. Jebamalar Leavline et al. [3], Discrete Cosine 

Transform (DCT) is widely used in image and video 

compression standards. This paper presents low-power co-

ordinate rotation digital computer (CORDIC) based 

reconfigurable architecture for discrete cosine transform 

(DCT).  All the computations in DCT are not equally 

important in generating the frequency domain output. 

Considering the important difference in the DCT 

coefficients the number of CORDIC iterations can be 

dynamically changed to reduce the power of consumption 

with improved image quality. The proposed CORDIC based 

2D DCT architecture is simulated using Modelsim and the 

experimental results show that our reconfigurable DCT 

achieves power savings with improved image quality. 

Uma Sadhvi Potluri et al. [4], Video processing systems 

such as HEVC requiring low energy consumption needed 

for the multimedia market has led to extensive development 

in fast algorithms for the efficient approximation of 2-D 

DCT transforms. The DCT is employed in a multitude of 

compression standards due to its remarkable energy 

compaction properties. Multiplier-free approximate DCT 

transforms have been proposed that offer superior 

compression performance at very low circuit complexity. 

Such approximations can be realized in digital VLSI 

hardware using additions and subtractions only, leading to 

significant reductions in chip area and power consumption 

compared to conventional DCTs and integer transforms. In 

this paper, we introduce a novel 8-point DCT approximation 

that requires only 14 addition operations and no 

multiplications. The proposed transform possesses low 

computational complexity and is compared to state-of-the-

art DCT approximations in terms of both algorithm 

complexity and peak signal-to-noise ratio. The proposed 

DCT approximation is a candidate for reconfigurable video 

standards such as HEVC. The proposed transform and 

several other DCT approximations are mapped to systolic-

array digital architectures and physically realized as digital 

prototype circuits using FPGA technology and mapped to 

45 nm CMOS technology. 

Min-Woo Lee et al. [5], this paper presents a low-power 

coordinate rotation digital computer (CORDIC)-based 

reconfigurable discrete cosine transform (DCT) architecture. 

The main idea of this paper is based on the interesting fact 

that all the computations in DCT are not equally important 

in generating the frequency domain outputs. Considering the 

importance difference in the DCT coefficients, the number 

of CORDIC iterations can be dynamically changed to 

efficiently tradeoff image quality for power consumption. 

Thus, the computational energy can be significantly reduced 

without seriously compromising the image quality. The 

proposed CORDIC-based 2-D DCT architecture is 

implemented using0.13µm CMOS process, and the 

experimental results show that our reconfigurable DCT 

achieves power savings ranging from 22.9% to 52.2% over 

the CORDIC-based Loeffler DCT at the cost of minor image 

quality degradations. 

Table 1: Summary of Literature Review 
Parameter Mamatha et al. 

[1] 

Teena Susan et 

al. [2] 

Min Woo Lee et 

al. [3] 

No. of Slice Register 1102 863 34 

No. of Slice LUTs 2541 1698 1578 

LUT FF Pair 958 541 32 

IOBs 1588 248 228 

Maximum Frequency 224.9 MHz - - 
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III. DISCRETE COSINE TRANSFORM 
 

A discrete cosine transform (DCT) expresses a finite 

sequence of data points in terms of a sum 

of cosine functions oscillating at different frequencies. 

DCTs are important to numerous applications in science and 

engineering, from lossy compression of audio (e.g. MP3) 

and images (e.g. JPEG)  (where small high-frequency 

components can be discarded) , to spectral methods for the 

numerical solution of partial differential equations. The use 

of cosine rather than sine function is critical for 

compression, since it turns out (as described below) that 

fewer cosine functions are needed to approximate a 

typical signal, whereas for differential equations the cosines 

express a particular choice of boundary conditions. 

 

DCT output 
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Discrete cosine transform (DCT) is widely used transform 

in image processing, especially for compression. Some of 

the applications of two-dimensional DCT involve still 

image compression and compression of individual video 

frames, while multidimensional DCT is mostly used for 

compression of video streams and volume spaces .The 

purpose of DCT is to perform decorrelation of the input 

signal and to present the output in the frequency domain. 

 

IV. PROPOSED METHODOLOGY 
 

CORDIC (for Coordinate Rotation Digital Computer),[1][2]

[3] also known as Volder's algorithm, is a simple and 

efficient algorithm to calculate hyperbolic and trigonometric 

functions, typically converging with one digit (or bit) per 

iteration. It is therefore also a prominent example of digit-

by-digit algorithms. CORDIC and closely related methods 

known pseudo-multiplication and pseudo-division or factor 

combining are commonly used when no hardware multiplier 

available (e.g. in simple microcontrollers and FPGAs), as 

the only operations it requires are addition, sub-tractor, bit 

shift and table lookup. As such, they belong to the class 

of shift-and-add algorithms. 

The simple form of CORDIC is based on observation that 

if a unit length vector with at  (x,y)=(1,0) is rotated by an 

angle degrees, its new end point will be 

at )sin,(cos),( yx thus coordinates can be 

computed by finding the coordinates of new end point of the 

vector after rotation by an angle . Rotation of any (x, y) 

vector: 

 
Figure 2: 8-point Discrete Cosine Transform 

 

 Figure 3: Block Diagram of CORDIC 

 

Basic equation of  CORDIC algorithm  

                        (1) 

                                                                           

                                    (2) 

Rearrange equations 

                                    (3) 

                                                    

                                     (4) 
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V. CONCLUSION 
 

In literature survey we found that many types of 

algorithm are used in DCT. Some algorithms are based on 

multiplier and some multiplier-less technique. Multiplier-

less technique is consumed less delay and slice compared to 

multiplier based technique. So we are implementation to 

modified CORDIC based DCT algorithm in further work in 

my thesis.

 The performance evaluation of the various sub modules 

are carried out using Xilinx 14.1 ISE Simulator and it was 

found that the circuits designed using DCT logic showed a 

reduced delay and slice.  

 

REFERENCES 
 

[1] Mamatha I, Nikhita Raj J, Shikha Tripathi, Sudarshan TSB, “Systolic 
Architecture Implementation of 1D DFT and 1D DCT”, 978-1-4799-

1823-2/15/$31.00 ©2015 IEEE. 

[2] Teena Susan Elias and Dhanusha P B, “Area Efficient Fully Parallel 
Distributed Arithmetic Architecture for One-Dimensional  Discrete 

Cosine Transform”, 2014 International Conference on Control, 
Instrumentation, Communication and Computational Technologies 

(ICCICCT). 

[3] E. Jebamalar Leavline and S.Megala, “CORDIC Iterations Based 
Architecture for Low Power and High Quality DCT”, 2014 

International Conference on Recent Trends in Information 

Technology. 
[4] UmaSadhvi Potluri and Arjuna Madanayake, “Improved 8-Point 

Approximate DCT for Image and Video Compression Requiring Only 

14Additions”, IEEE Transactions on Circuits And Systems—I: 
Regular Paper 2014. 

[5] Min-Woo Lee, Ji-Hwan Yoon and Jongsun Park, “Reconfigurable 

CORDIC-Based Low-Power DCT Architecture Based on Data 
Priority”, IEEE Transactions on Very Large Scale Integration (VLSI) 

Systems IEEE 2013. 

[6] J. E. Volder, "The CORDIC trigonometric computing technique," 
IRE Trans. Electron. Comput. Vol. EC-8, no.3, pp.335-339, Sept. 

1959. 

[7] Liyi Xiao Member, IEEE and Hai Huang, “Novel CORDIC Based 
Unified Architecture for DCT and IDCT”, 2012 International 

Conference on Optoelectronics and Microelectronics (ICOM), 2012 

IEEE. 
[8] Shymna Nizar N.S,Abhila and R Krishna, “An Efficient Folded 

Pipelined Architecture For Fast Fourier Transform Using Cordie 

Algorithm”, 2014 IEEE International Conference on Advanced 
Communication Control and Computing Technologies. 

[9] E. Jebamalar Leavline, S.Megala2 and D.Asir Antony Gnana Singh, 

“CORDIC Iterations Based Architecture for Low Power and High 
Quality DCT”, 2014 International Conference on Recent Trends in 

Information Technology, 2014 IEEE. 

 

AUTHORS PROFILE’ 
 
Pragati Gupta 

Electronics and Communication Department Technocrats Institute of 

Technology, Bhopal. email id: pragatigpt13@gmail.com      

 

Sandip Nemade 

Electronics and Communication Department Technocrats Institute of 
Technology, Bhopal. email id: nemadesandiptit@gmail.com 

 

mailto:nemadesandiptit@gmail.com

