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Abstract— CORDIC is an acronym for Coordinate Rotation 

Digital Computer. Efficient generation of trigonometric as 

well as exponential functions without much increase in 

hardware complexity has always been a challenge, owing 

mainly to their importance and widespread use in Digital 

Signal Processing (DSP) applications besides other areas. 

One such algorithm which is very much effective for the 

calculation of trigonometric, hyperbolic, exponential, linear 

and logarithmic functions is the CORDIC algorithm. The 

algorithm is very much hardware efficient because it omits 

the dependence on multipliers and is rather a combination of 

shift-add operations. Due to the simplicity of involved 

operation the CORDIC algorithm is well suited for VLSI 

implementation. This paper compares the different 

implementation of Discrete Cosine Transform (DCT) using 

Chen’s and CORDIC algorithm. 

Key words: CORDIC algorithm, Discrete Cosine Transform 

(DCT), Chen’s algorithm. 

I. INTRODUCTION 

The advances in IC technology have great interests in 

developing special purpose; parallel processor arrays such as 

systolic arrays have been broadly used. The reduction in 

hardware cost also motivated the development of 

sophisticated signal processing algorithms which need the 

evaluation of functions such as trigonometric and 

logarithmic functions. So an arithmetic computing algorithm 

known as CORDIC has received great attention. Jack E. 

Volder in 1959 derived CORDIC algorithm for the 

calculation of trigonometric function from the general 

equation for vector rotation and later generalized by Walter 

to solve a broader range of equations, including the 

hyperbolic equations, multiplication, division and 

conversion between binary and mixed radix number system 

of DSP applications, such as Fourier Transform. The 

CORDIC algorithm has become a widely used approach to 

elementary function evaluation when the silicon area is a 

primary constraint. The implementation of CORDIC 

algorithm requires less complex hardware than the 

conventional method and is particularly well-suited for                         

applications in which cost is much more important than 

speed. 

II. CORDIC ALGORITHM 

There are two modes of CORDIC algorithm, vector 

translation mode and vector rotation mode. Vector rotations 

can be used for the conversion of polar to rectangular 

coordinates. The algorithm can be derived from the rotation 

transform 

  x’ = x cos ϕ – y sin ϕ  

y’ = y cos ϕ + x sin ϕ 

on rearrangement of above equation can be given as 

x’ = cos ϕ [x – y tan ϕ]  

y’ = cos ϕ [y + x tan ϕ]  

The implementation of these equations is still 

complex due to the presence of the trigonometric functions. 

However, if the rotation angles are restricted to values such 

that            tan ϕ = ± 2
-i
, the multiplication by the tangent 

can be greatly simplified as it can be implemented using 

simple shift operations. Thus, arbitrary angles can be 

obtained by performing a series of rotations iteratively. At 

each rotation, the direction of rotation is chosen by 

obtaining the difference between the actual angle and the 

angle obtained by rotation. Mathematically  

  x i+1 = K i [x i – yi. di. 2
-i
]         (1)  

y i+1 = K i [yi + xi. di. 2
-i
]        (2)  

 

where,   Ki = cos (tan
-1

 2
-1

) = 1/√ (1 + 2
-2i

)  

              di = ± 1 

The value di of is +1 if the angle to be obtained is 

greater than the current iterative angle and is -1 if the current 

iterative angle is greater. The value of Ki can be taken to be 

a constant with a value of about 0.6073 when the number of 

iterations is taken large. While computing we start with an 

initial value of x-coordinate at 1 and an initial value of       

y-coordinate as 0. In the first iteration, the vector rotates by 

an angle of 45°, which gives us the first iteration result. If 

this angle is greater than the angle β, the next rotation takes 

place in the reverse direction, else in the same direction. 

Finally, after the specified number of rotations, the value of 

cos (β) is given by the x-coordinate while the value of sin 

(β) is given by the y-coordinate. 

 

Fig. 1: Vector rotation method for sine and cosine 

calculation 



A Comparison of Discrete Cosine Transform Using Chen’s and Cordic Algorithm 

 (IJSRD/Vol. 2/Issue 01/2014/015) 

 

 All rights reserved by www.ijsrd.com 63 

III. DIFFERENT IMPLEMENTATION OF DCT 

Discrete Cosine Transform has been widely applied to 

numerous digital signals processing application. For 

example, current image and video coding standards such as 

JPEG and MPEG There are two categories of approach for 

computation of 1-D DCT. 

 Chen’s Algorithm A.

The fast 1-D DCT algorithm that was selected for use in 

both the direct and row-column 2-D approaches was 

developed by chen. The 8-point, 1-D DCT, written in matrix 

factorization is given below 

 

Where A=cos (π/4), B=cos (π/8), C=sin (π/8), D=cos 

(π/16),  

E=cos (3π/16), F=sin (3π/16), G=sin (π/16) 

 DCT using CORDIC algorithm B.

 

Fig. 2: 1-D DCT architecture using CORDIC algorithm 

F(0)={f(0)+f(7)+f(3)+f(4)}cos(π/4)+{f(1)+f(6)+f(2)+f(5)}sin(π/4) 

F(4)={f(0)+f(7)+f(3)+f(4)}cos(π/4)+{f(1)+f(6)+f(2)+f(5)}sin(π/4) 

In order to compute both F (0) and F (4), we need 

one CORDIC processor. F (2) and F (6) can be obtained by 

using the rotation mode of CORDIC. For F (1), F (7), F (5) 

and F (3), we need four CORDIC processors. So we can use 

six CORDIC processors for the 2D-DCT by applying the 

1DDCT two times. The number of iterations can be 

decreased, since the coefficients for 8×1 DCT are fixed. The 

compensation process for the final CORDIC calculation can 

be composed of adder and shifter without multiplier as 

expressed below 

Xi+1= Xi (1+ γi Fi) 

Yi+1= Yi (1+ γi Fi) 

where γi has the value ±1 and Fi is for shift operation. 

Table. 1: comparison between algorithms in terms of 

multiplication and additions 

1-D algorithm Multiplication Additions compensation 

Theoretical 

Equation 
64 56 Not applicable 

Chen’s algorithm 32 32 Not applicable 

CORDIC 

algorithm 
0 12 

Depends on 

angle 

Table-1 shows the comparison between different 

algorithms in terms of multiplication and addition and 

Table-2 shows the detailed number of rotation for iteration 

and compensation in six CORDIC processors 

Table. 2: Number of rotation for iteration and compensation 

Processor 
CORDIC 

(1) 
CORDIC (2) 

CORDIC  

(3) (6) 

CORDIC 

(4) ( 5) 

Angle π/4 3π/8 7π/16 3π/16 

CORDIC iteration [σ,i] 

1 -1,0 1,0 1,0 1,1 

2  1,2 1,1 1,3 

3  1,3 1,3 1,10 

4  1,6 1,10 1,14 

5  1,7   

Compensation iteration [1+γi (i)Fi(i)] 

1 1-1/4 1/2+1/8+1/64 1/2 + 1/8 1 – 1/8 

2 1–1/16 1/16 1/8+1 1+1/64 

3 1+1/256  1+1/4096 1+1/1024 

4 1+1/512   1+1/4096 

5 1+1/4096    

IV.  CONCLUSION 

In this paper, we have compared the different DCT 

implementation method and found that DCT using CORDIC 

algorithm requires less number of multiplication and 

addition compared to Chen’s algorithm, so area is reduced 

and this also affects the cost, speed and flexibility of the 

DSP system. The CORDIC algorithm is a powerful and 

widely used tool for digital signal processing application 

and can be implemented using Programmable digital 

Processors but a large amount of data processing is required 

because of complex computation. So, the implementation of 

DCT using CORDIC algorithm on FPGA is the need of the 

day as the FPGA can give enhanced speed at low cost with a 

lot of flexibility. 
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