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 Multimedia communications such as image and video require huge bandwidth during 
transmission when the data is sent in uncompressed form. In spite of improvements in 
the communication channel and storage capacity, the implementation cost often puts 
several constraints on the channel capacity. To meet the channel or storage capacity 
requirement, it is necessary to employ compression techniques, which bring down the 
data rate while maintaining the subjective character of the decoded image or video 
signal. To process the image or video signals, spatial coordinates are transformed into 
the frequency domain. Discrete Cosine transform is the widely used method for 
transformation in image processing. A DCT core designed in this work, is to reduce the 
number of adders based on  a sum select algorithm. The proposed SSA exploits the 
transformed images with less execution time and show 70% reduction in the utilization 
of arithmetic operation. 
 
 

© 2015 AENSI Publisher All rights reserved. 
To Cite This Article: R.Radhika and  R.Manimegalai, An Efficient FPGA Architecture For RDCT With Reduced Components. Aust. J. Basic 
& Appl. Sci., 9(36): 334-339, 2015 

 
INTRODUCTION 

 
The digital era continuously produces vast 

amount of information which results in many 
challenges. We must store, retrieve, analyze and 
process digital information efficiently to put it into 
practical use. In the past decade, many aspects of 
digital technology have been acquired, specifically in 
the field of image acquisition, data storage and 
bitmap printing. Compressing an image is 
significantly different from compressing raw binary 
data (Acharya, T. and P. Tsai, 2005). Images have 
certain statistical properties which can be exploited 
by encoders specifically designed for them so the 
result is less than optimal when using general 
purpose compression programs to compress images. 
Image compression has many applications and plays 
an important role in efficient transmission and 
storage of images. Image compression aims at 
reducing redundancy in image data to store or 
transmit only a minimal number of samples. Discrete 
Cosine Transforms related to spectral analysis and 
spectral decomposition of image and speech signals 
are widely utilized in numerous applications. To 
reduce the computational complexity, fast and simple 
implementation of DCT has become increasingly 
important (Gregory K. Wallace, 1992; Gonzalez, 
R.C., R.E. Woods, 2002; Fitzek, F.H.P., M. 
Reisslein, 2001). For high end electronics, for 

example, the high definition television encoder, fast 
algorithms that use a parallel structure may be 
required. For low cost consumer products, a simple 
kernel that completes the computation may be 
needed (Luciano Volcan Agostini, et al., 2007). One 
of the significant advantages in fast algorithm is less 
number of operations to complete the operation. 
However VLSI implementation, the slightly irregular 
structures of the algorithms acquires more multipliers 
and adders, which will, of course, increase the 
hardware implementation cost. Furthermore, the fast 
computation algorithms need to compute all 
coefficients. Due to its high flexibility, low cost, and 
fast development time, FPGAs have been widely 
used as a common platform for hardware 
implementation.  
 
Background Study: 

Many researchers focus on the use of FPGAs as 
one of the ideal platforms to implement DCT (White, 
S.A., 1989). Many 2D DCT algorithms have been 
proposed to achieve reduction of computation 
complexity and increase the operational speed and 
throughput. Multiplier less architecture, such as 
Distributed Arithmetic (DA), new DA (NEDA), Co-
Ordinate Rotation, Digital Computer (CORDIC) and 
integer DCT (IntDCT) are widely used for its VLSI 
realization because of improvements in speed, area 
overhead and power consumption. NEDA is 
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proposed in (Shams, A., et al., 2006) to reduce the 
cost metrics of power and area while maintaining 
high speed and accuracy in DSP applications. Even 
though NEDA architecture uses 
Multiply/Accumulate (MAC) and DA in many 
aspects, such as freedom of ROM, multiplication and 
subtraction and also exposes the redundancy existing 
in the adder array consisting of entries 0 and 1, it 
requires 51 adders to implement the 1D DCT 
architecture. Zhenwei Li et al., (2008)] have 
proposed a DCT architecture based on NEDA type, 
that the partial products are generated by adder 
subtractor matrix and the multiplier select the partial 
products to be shifted and accumulated. The 
shift/adder module accomplishes the final result of 
43 adders for 1D DCT. 

Based on (Jeong, H., J. Kim and W. Cho, 2004), 
Arithmetic operations of unnecessary bits were not 
performing during coordinate rotation digital 
computer (CORDIC) calculation. The speed of this 
architecture has increased about 10% with 10 adders 
involved in 1D DCT. Ying. Jiu Chen et al (2002) 
have used a quasi coordinate descent algorithm 
which is a multiplier less approximation of 
transforms. The adders are reduced to 69 but this 
algorithm is not limited to a specific transform; 
various multipliers less approximations of the DCT 
have been presented to demonstrate its versatility. 
Power reduction is realized by minimizing the 
number of arithmetic operations and the bit width of 
the involved operands (Hartley, R., 1996; Boullis, N. 
and A. Tisserand, 2005; Kinane, A., et al., 2006; 
Chen, W., et al., 1977; Wang, Z., 1984; Auguest, 
N.J., D.S. Ha, 2004). In order to minimize the 

operations, the 1D DCT was decomposed into 2 
input butterflies using Chen’s factorization; each 
butterfly is designed by using constant matrix 
multiplications. The total required number of 
operations for the 8X1 DCT is 56. The rest of this 
paper is organized as follows.  Section II gives the 
design flow of SSA based DCT architecture.  Section 
III explains the architecture design of 1D SSA based 
DCT.  Section IV describes the 2D SSA based DCT 
architecture from 1D DCT. Section V discusses the 
experimental results of 1D SSA based DCT and 
conclusion is given in section VI. 
 
Proposed Approach: 
Design Flow Of SSA Based RDCT Architecture: 

The design flow starts with the MATLAB 
environment for the computation of image pixels. 
The image is segmented into 8X8 blocks. After 
determining the pixel values the data are stored in 
RAM for computing RDCT, which converts time 
domain coefficients into spectral coefficient. In this 
implementation as per equation (1-8) it needs 56 
adders and 56 multipliers. Based on Distributed 
Arithmetic (DA), this matrix can be further 
simplified by reducing the number of multipliers and 
adders. In this work multipliers are reduced to 22 
from 56 and adders to 16 from 56. This substantially 
reduces the power consumption. 

The images in Figure 1 are converted into pixels 
using MATALAB simulation and pixel values are 
given as input to 2D SSA based RDCT algorithm to 
calculate the DCT coefficients. The design flow of 
this SSA based RDCT architecture is explained in 
Figure 2. 

 
 

 

 
 
Fig. 1: Original images and images after SSA based RDCT 
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Fig. 2: Design flow for SSA based RDCT Architecture 
 

1D SSA Based RDCT Architecture: 
With improvements in capacity and a decrease 

in cost, FPGAs have become a usable solution for 
making custom chips and programmable DSP 
devices. Distributed Arithmetic (DA) provides an 
approach for multiplier less implementation of DSP 
systems. Discrete Cosine Transform (DCT) is a 
computationally intensive algorithm has a lot of 
electronic applications (White, S.A., 1989). DCT 
transforms the information from the time or space 
domains to the frequency domain to provide compact 
representation, fast transmission, memory saving and 
so on. DCT algorithm is very effective due to its 
symmetry and simplicity (White, S.A., 1989). The 
formula used to calculate 1D DCT is 

Y(k)= C(k) kπ 

C (k) =      k=0 

1 k≠0 
X (0) = (h0 + h1)*a                         --(1) 
X (1) = g4*b + g5*d + g6*e + g7*g --(2) 
X (2) = h2*c + h3*f                         --(3) 
X (3) = g4*d – g5*g – g6*b – g7*e  --(4) 
X (4) = (h0 – h1)*a                          --(5) 
X (5) = g4*e – g5*b + g6*g + g7*d --(6) 

X (6) = h2*f – h3*e                         --(7) 
X (7) = g4*g – g5*e + g6*d – g7*b  --(8) 
Where, 
g0 = x (0) + x (7) 
g1 = x (1) + x (6) 
g2 = x (2) + x (5) 
g3 = x (3) + x (4) 
g4 = x (0) – x (7) 
g5 = x (1) – x (6) 
g6 = x (2) – x (5) 
g7 = x (3) – x (4) 
h0 = g0 + g3 
h1 = g1 + g2 
h2 = g0 – g3 
h3 = g1 – g2 
 
Distributed Arithmetic is a technique that is bit 

serial in nature. It can therefore appear to be slow. It 
turns out that when the number of elements in a 
vector is nearly the same as the word size, DA is 
quite fast. DA replaces the explicit multiplications by 
ROM lookups. It is an efficient technique to 
implement in FPGA. In Distributed Arithmetic, 
multiplications are reordered and mixed such that the 
arithmetic becomes distributed through the structure 

Synthesis of SSA based DCT core 
using Xilinx SPARTAN III 

 
Input file (image) 

Computation of image pixels using 
MATLAB simulation 

Calculate the values in sum select 
algorithm. 

Computation of 1D SSA based DCT 
using the co efficient with Xilinx 

environment. 

Computation of 2D SSA based DCT 
using the co efficient with Xilinx 

environment. 

Functional verification is performed 
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rather than being lumped. Area savings from using 
DA can be up to 80% in DSP hardware designs. 
When DA is implemented in FPGAs, one can take 
advantage of memory in FPGAs to implement the 
multiply and accumulate operations. Distributed 
arithmetic is used to compute the 8 equations above 
where cosine terms are expressed in DA form. 
Implementations are realized by using shift and add 
operations. Shifting operation is performed by 
wiring.  

Each value of Y is computed in parallel and 
hence faster speed is achieved (Yuan-Ho Chen, et al., 

2010). Sum select algorithm is a technique in which 
all the image pixels are converted into binary values 
of eight bits. The values of g0,g1,g2,g3,g4,g5,g6,g7 
and h0,h1,h2,h3 are pre calculated by all potential 
combinations of eight bit binary values. With the 
help of multiplexer select the corresponding 
combination of adders whenever required. All 
possible additions are performed and the resolutions 
are stacked away at one time, but it is repeatedly 
used for the operation of all RDCT computation. 

   
 

 
 
Fig. 3: Implementation of 1D  SSA based RDCT 

 
The Verilog code for above equations (1-8) is implemented in Xilinx are shown in Figure 3. 

 
Table 1: Theoretical and 1D  RDCT architecture results       

 
 
Table1, describes the results obtained by 

mathematical calculation and through the software 
implementation. Table 2 infers that adders used in 

this work reduced from 56 to  16 using SSA based 
technique. The Figure 4 shows screenshot of 1D SSA 
based RDCT. 

 
Table 2: Device Utilization Summary 
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Fig. 4: Output of 1D SSA based RDCT 
 
Implementation of 2D  SSA Based RDCT Core: 

A commonly practiced approach to construct 
2D-DCT is the row-column decomposition method. 
The decomposition performs a row-wise 1D 
transform followed by column wise 1-D transform 
with the intermediate transposition. This 
decomposition approach has two advantages. First, 
the computational complexity is significantly 

reduced. Second, the original 1D DCT can be well 
substituted by different DCT algorithms. Table 3, (a) 
represents the input pixels given to 2D SSA based 
RDCT, which is constructed from 1D SSA based 
RDCT using row column decomposition technique.  
Table 3 (b) shows mathematical results obtained for 
input pixels in table 3 (a). Table 3(c) represents the 
results obtained through software implementation. 

 
Table 3: Theoretical and 2D SSA based RDCT architecture 

 
(a) Input pixels for 2D RDCT core 

 
(b)Theoretical  Results of 2D RDCT 
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Experimental Results: 

The RDCT architecture is implemented 
according to the description in section II and III and 
tested and compared with the theoretical outcomes. 
Table 1 shows the comparison of the results obtained 
from theoretical and Xilinx. Byoung-II Kim and 
Sortirios G.Ziavras (Byoung-Il Kim and Sotirios G. 
Ziavras, 2009) paper verify an overall recent 
comparison for the 8X1 DCT involves the required 
adders and the performance of the proposed 
architectures as compared to previous multiplier less 

DCT architectures. All architectures are pipelined 
and the number of NEDA accumulation cycles 
depends on the precision of the cosine co-efficient. 
Table 4 compares dimension, number of adders used 
in other references, type and function. It also infers 
that SSA based DCT required only 16 adders which 
is less when compared to other type of 
implementation. Minimal number of operations used 
to implement SSA based DCT substantially reduces 
power consumption and area. 

 
Table 4: Comparison of the Utilization of adders in various types of calculating DCT 

 
 
Conclusion: 

This paper proposed low power DCT 
architecture for image / video coders. Power 
reduction was realized by minimizing the number of 
arithmetic operations. In order to minimize the 
operations, the 1D DCT was decomposed into many 
sub order units. The requisite number of operations 
for the 8 x 1 DCT was 16; it represents a reduction of 
71.43% compared to the conventional DCT. The 
proposed SSA based RDCT was effectively reduced 
adder operation in the arithmetic unit. The SSA 
based RDCT architecture is expected to be useful in 
mobile multimedia applications due to minimize 
arithmetic units as compared with DCT architecture. 
It is very suitable for low complexity and multi-
purpose Video CODECs. Moreover, the proposed 
method is simple to implement and computationally 
efficient when the source images are still images. 
The future enhancement of this  SSA based RDCT 
architecture are applied for designing multi core 
DCT architecture used for various multimedia 
applications. 
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