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abstract  -An eflicient  systohc 1mplementation of the  two-
dimensional discrete -;osin.e transfon.n (2-D DCT) is.deveioped‘ {t ofters a
highly regular - structure ideally suited for .VLSI nnplqnenFann. The
compulation comple,\'l_ty of lhe‘propos.ed nnpla?mentanon. 15 O{N) ajs.
compared fo the two-dimensional tast cosine transtonn algonthm of O(N2)
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; - Introduetion

/ The discrete cosme transform (DCT) is a better approximation to the
stanstically oplimal Karhunen - Joeve transform (KLT) than most other
orthogonal transtorms [2],[3]. Theretore, it plays a very important role in
“F image and spcech coding.

; The DCT transform requires massive and comphceated  data
magipulation that lead to consideratton and Implementations employing
parallehsm  and  pipelinmg. The systolic array has the advantages of
pipelinability, 1esularity, locality, and scalability, thus making it very
suttable Tor VLS1 signad processing [4]-10].

Recently, Anew recwrsive algorithm for computing  the +-D DCT
(7LI8] and the 2-10 DCT 1) iswiroduced. The algonthm is similar to a
decimanon-m-trequency Cooley - Tukey FFT algorithm. Its compulation
complexaty s O(NZ). In this paper a new systolic array lor the 2-D DCT is
developed. Nl reduces the computation complexity 1o O(N).

.- The anoeaach Fae tvannming alonrithnne conte Qucinloes hardhvara nan e
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Sinifarly
2n,+ 7 2=l 2ny=3 |
C. 2 =l C}\ e -
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It 15 evident that we can derive one recurence relation among coefficientg
of three successive data points when transforming for a fixed n, This leads
to the troduction of systolic array schemes in hardware design, "

111- Proposed Systolic Array
If we consider the DCT usmg (4),{9) & {10) simultaneousty, the |

complete recurrence formulae are - |
In +1 —l 2n,-3
c 1 -A(C )c -c 1 (n
k k
i l |
|
2n,+l C C7n ~| 2,3 , '
ij— = A{ ) _Ck’)— (12) i
¢
2+l g+l ]
ZLI k2w n?) \(n n,))C 1 ij- {
) ?:
ZI\I k2( l,n {13) :
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A(C, =12 CL )‘u ]
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The systolic anay for realizing the above recurrence formulae ts
shown in Fig I It requires (N{N2) processing elements. Four types of
processing elements are used. The hirst row of the array consists of the
basic elements of fig. 2a (PEI}. The left most processor in each row
(PE1Y 15 shewn in Fig. 2b The processing elements shown i Fig. 2 (a)
computes equation {12) while the elements in Fig. 2 (b) computes equation
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(he partial transform  result. These processes are done i parallel, thereby
consuming only one addition and one multiplication time equivalently, The
other  processifg elements (PE2) are shown in Fig, 3 . They use the cosine
values already computed m the previous processors PEI or PEL. PE2 is
more simple (one multiplier + one adder) than PE1 but consumes the same
computation time. This reduces the hardware complexity of the overall
amay. The upper left processing element (PE) 1s the only PE that computes
equation (11) & (12) simuitaneously. Although the number of multipliers
and adders differ in each type of processing element, they still consume the
same computation time (one addition and one multiplication),

To obtatn the final value X(kl,k:) an additional row of PE2 s with
zero data sequence is  introduced. The reason for choosing this type
processors is to mamtain the regularity of the array. X(1,1.X(2.1), ..cco.oec..
are sequentially produced from the right most processing element.

V- Computation Complexity.

X(k,.k,)can be obtained after (N, + N,) computation steps. if we let
M and A be the time for performung one multiplication and one addition,
respectively, then M+A  elapses in one processing element, i.e one
computation step. Thus, X({k,.k,) is available after (N, + N,) (M + A) time
ucits. For the sake of pipelining, the computation of the whole transformed
sequence needs (N, + N,)+(k, +k, )} (M +A) units of time. The number of
additions AN, N) and muitiplications M(N,N)  needed to compute the
(Nx Ny - pomt DCT using the proposed systohc array are

A(NxNY = 4N
M(NxN) = 4N

Thus the number of multiphications & additions for the proposed algoritlun
15 O(N), while for the fast cosine transform algorithm {equation (27) in [1]
Nitis O{N2).

V-Conclusion:

For real - tune processing, the hardwaie cost paid lor the vecursive
computation 1s worth compared to the sunple prestorage schemes for
transtorm kemne! values. The computations of the kemnel values and the
mtermediate results are executed n parallel i each basic element, thus
consumimg  only one multiplication and one addition at a tumc. This
algorithun results in - a significant reduction in computation time relative to
the fast cosine transtorm imnlementation 111
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Fig. 1 The proposed systolic artay for 2-D DCT (Ny=Noy=4)
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