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Abstract —

An architecture for implementation of 8 - point discrete cosine transform (DCT) is suggested in this paper. The
architecture is simple and suitable for VLSI implementation. The hardware time and area complexities are It has
less number of multipliers.

I. INTRODUCTION
The discrete cosine transform (DCT) is a real valued orthogonal transform. Its forward
transform can be obtained by taking the transpose of its inverse transform. It transforms a
signal or image from spatial domain to frequency domain. It is widely used in the field of
digital and signal and image processing. So many efficient algorithms have been developed for
fast computation of the DCT.

N- point DCT can be computed using 2N-point Fast Fourier transform (FFT) [1]. The DCT
could be computed using fast Hartleytransform (FHT) of same length [2]. Several VLSI
algorithms and architectures have been proposed for implementation of DCT [3, 4].

A simple architecture for direct implementation of 8-point DCT has beenproposed by us in this
paper. The Multipliers used in an architecture increase area. Hardware complexity increases
with increased number of multipliers. The multipliers increase the delay in the operation. The
proposed architecture uses less number of multipliers, and it is suitable for VLSI
implementation.

The algorithm for implementation of DCT is given in Section - I1. Section-111 deals with the
architecture for implementation of DCT. Conclusion remarks are given on the section - 1V .
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Il. ALGORITHIM
Let {x,, n = 0,1,2,.....,N-1} be a given input data sequence. Its DCT data sequence {Xx,;k=
0,1,2, cceenee. N-1} is given by the following relation

X, = Z:lxncos [W] (1)
n=0

8-pointDCT can be expressed as

i [?1’(2?1;- l)k] @

It can be shown that

Xo = A+B+C+D
(3.9)
Xi1=A'cos n/16 + B' cos 3n/16 + C' cos 5n/16 + D' cos 7n/16 (3.b)
X2=(A-D) cos 21/16 + (B—C) cos 6m/16
(3.0)
Xz=—C'cos /16 + A'cos 3n/16 —D' cos 5n/16 —B' cos 7n/16 (3.d)
Xs==(A-B-C+D)cos4n/16
(3€)
Xs=—-B'cos /16 + D' cos 3n/16 + A' cos 5n/16 + C' cos 7n/16
3.1
Xe =(—B'+ C) cos2n/16 +(A — D") cos 61/16 (3.9)
X7=-D'cos /16 + C' cos 3n/16 —B' cos 5n/16 + A' cos 7n/16
(3.h)
Where

A=Xot X7 A'=Xo-X7 (4.9)
B=xitXs B'=xi-Xs (4.b)
C=XytXxs C'=Xo-X%Xs5 (4.0)
D=xztXxs D'=x3-Xs (4.d)

8-point DCT can be implemented straight forward using equations (3.a) to (3.h).
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I11. PROPOSED ARCHITECTURE

The proposed architecture for the implementation of 8-point DCT is shown in Fig.l. Our
primary objective is to propose a simple architecture for the implementation of 8- point DCT.
The proposed architecture consists of 14 adders and 16 Subtractors. In any architecture
multipliers introduce significant delay and increase area - and hard ware complexities. Using
less number of multipliers is always advantageous to the designing of an architecture. So we
have used only seven multipliers M1, Mz, M3, Ma, Ms Mg and M. The multiplicands stored in
Ma, Ms, Mg and My are cos /16, cos 31/16, cos 57/16 and cos 7m/16 respectively.

Multiplicands stored in M1, M2 M3 are cos 41/16, cos 27/16 and cos 67/16 respectivly. Total
number of multiplications is equal to 21. The inputs X1, Xz, ........ ,X7 are available
simultaneously. At the end of a first time-step A, A, B, B', C, C', D and D' are obtained. One
time-step, T, is the time taken for a multiplication by the multiplier. The first output X is
obtained at the end of 4th time - step which needs only three additions. (A-B-C+D) is obtained
at the end of 4th time-step. Output X, is obtained at the end of 5th time-step. (A-D) and (B-C)
are input to M and Ms, respectively, at the end of a second time-step. So output X, is obtained
at the end of 4th time-step. (C-B") and (A-D") are input to M, and Ms, respectively, at the end
of 3rd time-step. So output Xs is obtained at the end of 5th time-step. At the end of 1st time
Step, A', B', C'and D' reach the buffer. They are fed to the multipliers Ma, Ms, Mg and My in
different orders. The time gap between successive inputs is equal to one time - step. At the end
of 2nd time-step, A', B', C' and D' are fed to M4, Ms, Mg and My, respectively. At the end of
3rd time-step, C', A', D' and B' are fed to M4, Ms, Mg and My, respectively. At the end of 4th
time - step B', D', A" and B' are fed to M4, Ms, Ms and My, respectively. At the end of 5th time
- step D', C' B'and A' are fed to M4, Ms, Mg and My, respectively. The successive outputs of
Ma, Ms, Mg and My are added to get X1, X3, Xs and X7 in the 7th time-step. The outputs Xo, X7,
can be obtained in an order by using a number of delays.

Table: Comparison of number of multipliers, number of adders and number of subtractors used in the proposed

architecture with those of [4 ] for 8-point DCT.

No. of Multipliers No. of adders No. of subtractors
Architecture Proposed Architecture Proposed Architecture [4] | Proposed
[4] Architecture | [4] Architecture Architecture
32 7 36 14 4 16

IV. CONCLUSION

The architecture proposed in this paper is very simple. It uses 14 adders, 16 subtractors and 7
multipliers. The number of multipliers is very less compared to those of existing architectures.
The architecture proposed in [4] requires 32 multipliers for 8 point DCT. Area - and hardware
- complexities of the proposed architecture are small compared to those of [4].
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Fig-1: Architecture for implementation of 8-point DCT
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