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Efficient Recursive Algorithm for the Inverse Discrete
Cosine Transform

Lap-Pui Chau and Wan-Chi Siu

Abstract—Recursive algorithms have been found very effective Nl
for realization using software and very large scale integrated cir- =Y(m) xsinz + Z Y (k) *sin(k —m+ 1)z
cuit (VLSI) techniques. Recently, some recursive algorithms have k=m41
been proposed for the realization of the inverse discrete cosine N—1
transform (IDCT). In this paper, an efficient recursive algorithm — o ) ;
for the IDCT with arbitrary length is presented. By using some Y(m) +sine + Z Y(k)» (2cosz s sin(k —m)z
appropriate iterative techniques, the formulation of the IDCT . k=m+1
can be implemented effectively using recursive equations, and the —sin(k —m — 1)z)
hardware complexity is further reduced as compared with the N-1
approaches in the literature. =Y (m)*sinx + 2cosz Z Y (k) =sin(k — m)x

Index Terms—DPiscrete cosine transform (DCT), recursive algo- k=m+1
rithm. N—-1

Z Y(k) #sin(k —m — L)z
i=m+2
|. INTRODUCTION =Y(m)=xsinz +2cosz * Vyq1sinz — Vposinz. (1)

T HE discrete cosine transform (DCT) [1] is widely used in
the area of digital signal processing. Many algorithms fd#€nce, we have

_the comquatlon of the_ DCT have b_een_ proposed. _It _|s signif- Vi = Y(m) +2c0os 5 # Vit — Vinso
icant to point out that in many applications, the efficiency of
the realization of the inverse DCT (IDCT) is even more impor- form=N-1,...,1,0. (2
tant compared to that of the DCT. Hence, we concentrate o N _

the realization of the IDCT in this paper. Chau and Siu [2] pro—nThe IDCT of a sequencgy’(k): k =0,1,... N — 1} can be

posed a recursive algorithm for computing the DCT, the struc- Lritien as
ture is regular and parallel, which is suitable for both software Nt
and VLSI implementations. Recently, Wang, Jullien, and Miller Z Y (k) « COS(—N # (20 + 1) = k)

[3], and Aburdene, Zheng, and Kozick [4] suggested improved
versions of this recursive algorithm for the DCT and the IDCT.
The DCT requires less multiplier as compared with that of tfw
Chau and Siu’s algorithm. In this paper, a more efficient recur-
sive IDCT algorithm is proposed, which reduces one multlpller

fori=0,1,...,N—=1. (3)

intend to obtain a simplified expression for the IDCT. Let
7 (2i+1)/2N, then

as compared with the existing IDCT algorithms in [3] and [4]. N-1
A significant reduction in the number of gate count for VLSI Z Y (k) *cos(xz k)
implementation can hence be achieved.
N—-1
Il. DERIVATION OF ALGORITHM 0)+ Z Y (k) * cos(z + k). (4)

Let us recall a recursive kernel that was suggested by Ch8 bi W th K | 2 H
and Siu [2] for the realization of the DCT: ur objective is to apply the recursive kernel into (4). Hence,

we multiply both sides byin x

Vinsinz y(i) * sinx
N-1 N1
_ * .
Z Y (k) xsin(k —m + Lz =Y(0)xsinz + Z Y (k) * cos(z x k) *sinz
k=m k=1
N-1
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N-1
+ Z Y (k) # sin(z * k) * cosz
k=1
N-1 YU N
=Y(0) xsinz + Z Y (k) xsin(z * k) x cos z o + 77!
k=1
N-1
Qi+1)
— 37 Y(k) #sin(k - . ®) 2eof "552)
k=2
By substituting (1) into (5), we have 1
y(i) * sinx Fig. 1. Recursive filter structure for computing IDCT.

=Y(0) *sinz +sinx xcosz* V) —sinz « Vo. (6)

compared to that of the IDCT structures proposed by Wang

Divide both sides byin z, and we finally obtain et al. [3], and Aburdeneet al. [4]. The delay elements of the

(i) = Y(0) + cosz % Vi — Va recursive filter must be reset to zero before recursion.
:VO_VWOSQZW(%JFD IIl. CONCLUSION
=W-" COS( oN ) @) An efficient recursive algorithm for the implementation of the

. . . . . ~ IDCT has been derived. The algorithm is suitable for both soft-
Equation (7) is the simplest formulation to obtain the finakare and hardware realization. A significant reduction in terms

result, while the recursive kernel is obtained by substitutirg  of multiplier is achievable for VLSI realization of the IDCT
7 (24 + 1)/2N into (2), which can be used for the realizationysing the present formulation.

of the IDCT with an extremely simple hardware structure.
From (7), it appears that one multiplication is re-

quired for computingy(¢). Fortunately, the multiplication _ , _
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