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Abstract: 

Over the past two decades, there have been various studies on the distributions of the discrete cosine transformat ion (DCT). The 

main objective of this work is to explore one of various architectures for optimizing any one or all of the given constraints (speed, 

power). Given these constraints (speed, power) this architecture will be a best suited as per the requirement.  DCT is implemented 

using different methods i.e. conventional DCT and Fast-DCT. DCT algorithms are consistence mult ipliers and adders, this 

implementation necessitate more area, slow software and it consume more power. To overcome these limitations and attain faste r, 

instead of mult iplications distributed algorithm (DA) is being used. The architectures are designed and implemented in VERILOG 

and synthesized in Xilinx tools, which makes the number of adders used in fast-DCT implementation reduced by 64.8% and 

multip liers are reduced by 77.2%. 
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I. INTRODUCTION 

The recent expansion of image compression mult imedia 

based applications associated with new technologies. These 

technologies has increased the need for more powerful 

algorithms to satisfy the requirement, now a day’s  many 

wireless communicat ions such as digital camera, mult imedia 

mobiles and handheld devices suffer from both limited 

memory and power resources. The trends of fast discrete 

cosine transform have become important due to the 

increasing wireless technology. To avoid these limitations 

proposed fast discrete cosine transformation (Fast-DCT). 

Fast-DCT algorithms present a number of modifications to 

the basic DCT architecture; each of these modifications 

could solve certain limitations and therefore improve and 

ease to implement. Conventional DCT implementation is 

computational burden due to number of multip liers and 

additions.  In this paper multiplier less architecture, such as 

distributed arithmetic is used to improve speed, power 

consumption. This paper proposes fast-DCT architecture for 

image compression. The proposed architecture is designed to 

reduce the number of multipliers used in conventional DCT.  

So many fast-DCT algorithms have been implemented [1–2]. 

In this paper instead of mult iplications distributed algorithm 

is being used. The main advantage of distributed algorithm is 

to speed up the multiplication process by pre computation 

[3]. The proposed and conventional DCT architecture are 

implemented on Xilinx. Th is paper is organized as follows. 

Section II involves conventional DCT and fast DCT 

algorithm implementation. Comparison and discussion 

involves in section III and conclusion discussed in the last 

section. 

 

II.1D FAST-DCTALGORITHM’S IMPLEMENTATION   

DCT defines as finite sequences of data points in terms sum 

of cosine functions, these cosine functions are oscillat ing at 

different frequencies. The DCT proposed by ahamed et al. in 

1974[4].Direct implementation of DCT requires N (N-1) 

multip liers, which is very expensive in hardware [5]. To 

implement 1D DCT, it requires 56 multip liers and 56 

addition/subtractions. They are reduced to 22 mult ipliers as 

follows. Figure 1 shows conventional DCT architecture with 

22 multip liers. Further it can be reduced to 5 mult ipliers as 

shown in fig 2.Consider an N-point sequence R (n). The N-

point DCT is defined as  
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The equation (1) can be decomposed using trigonometric and 

matrix multip licat ion, as show below 

X(0)=C4[Y(0)+Y(1)+Y(2)+Y(3)+Y(4)+Y(5)+Y(6) +Y(7)] 

 

X(1)=C1[Y(0)–Y(7)]+C3[Y(1)–Y(6)]+C5[Y(2)–

Y(5)]+C7[Y(3) – Y(4)] 

 

X(2)=C2[Y(0)–Y(3)–Y(4)+Y(7)]+C6[Y(1)–Y(2)–Y(5)+Y(6)] 

 

X(3)=C3[Y(0)–Y(7)]+C7[Y(1)–Y(6)]+C1[Y(2)–

Y(5)]+C5[Y(3) –Y(4)] 

 

X(4)=C4[Y(0)-Y(1)-Y(2)+Y(3)+Y(4)-Y(5)-Y(6)+Y(7)] 

 

X(5)=C5[Y(0)–Y(7)]+C1[Y(1)–Y(6)]+C7[Y(2)-

Y(5)]+C3[Y(3) –Y(4)] 

 

X(6)=C6[Y(0)–Y(3)–Y(4)+Y(7)]+C2[Y(1)–Y(2)–Y(5)+Y(6)] 

 

X(7)=C7[Y(0)–Y(7)]+C5[Y(1)–Y(6)]+C3[Y(2)–

Y(5)]+C1[Y(3) –Y(4)]  
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Figure 1 DCT architecture with 22 multip liers 

 

Figure 2 DCT architecture with 5 mult ipliers  
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A. Distributed Algorithm 

Distributed algorithm (DA) was used two decades ago. DA 

used in numerous applications in VLSI d igital signal 

processing (DSP)[6].  It is an approach for compute inner 

products with look up table and accumulator based on bit 

level reformulat ion. Distributed algorithm (DA) is one of the 

most important and hardware efficient technique for DCT 

implementation [7]. Distributed algorithm (DA) was 

introduced by Croisier [8]. It was used by Peled and Liu [9] 

for the implementation of digital filter. Consider fixed 

coefficients Ak and input data Xk, mathematical equation of 

DA can be written as follows. Where the Y partial product of 

Ak and Xk Figure 2 represents DA implementation.  

       
 
     …… (2) 

 
Figure 3Distributed algorithm (DA ) arch itecture 

 

III.COMPARIS ION AND DISCUSS ION  

In Sec 2 implemented both conventional DCT and fast-DCT 

architectures. Table 1 shows comparisons of both 

architectures. Conventional DCT and fast-DCT architectures 

are derived in sec 2. Conventional DCT required 21 

multip liers and 28 add/sub by direct implementation but in 

proposed fast-DCT architecture required 5 mult ipliers and 29 

add/sub by rearranging mathematical equations. In this paper 

Proposed distributed algorithm (DA) instead of multip liers, 

using distributed algorithm (DA) conventional required 182 

add/subs and fast-DCT required 64 add/sub. Figure 4 and 5 

shows conventional discrete cosine transformation using 

direct method and distributed algorithm. Figure 6 and 7 

shows proposed architecture. 

 

Table 1 comparison of DCT architectures  

Figure 4 conventional DCT using multipliers synthesis report 

using XILINX 9.2i 

 

Figure 5 Conventional DCT using Distributed architecture 

(DA)synthesis report using XILINX 9.2i 

 

Type of 

architecture 

Direct 

implementation 

Using distributed 

algorithm(DA) 

multip lie

rs 

Add/su

b 

multip li

er 

Add/sub 

Conventional 

DCT 

21 28 - 182 

Fast-DCT 5 29 - 64 
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Figure 6 fast – DCT using multipliers  synthesis report using 

XILINX 9.2i 

 

Figure 7 fast – DCT using Distributed architecture (DA) 

synthesis report using XILINX 9.2i 

IV.CONCLUS ION 

Comparing both results of conventional DCT and Fast-DCT 

complexity can be reduced using fast-DCT. The number of 

multip licat ions required in fast-DCT (using mult ipliers) is 

less compared to conventional DCT (77.27%) by rearranging 

mathematical equations and the number of add/sub required 

in fast-DCT using Distributer architecture also less compared 

to the conventional DCT (64.83%). The complexity in turn 

leads the reduction of power consumption and speed, thus the 

proposed technique is advantageous than the conventional 

DCT.  
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