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On the Design of Selective Coefficient DCT Module
Chung-Yen Lu and Kuei-Ann Wen

Abstract—In this transactions letter, an innovative selective

coefficient discrete cosine transform (SCDCT) architecture is pro- D Variable
rame . .
posed which is designed for selective coefficient computation and . = DCT » Qunatization Lef(;gth — Output
Coding

straightforward row—column computation. Having these features,
the selective coefficient DCT core will fit for various area/speed Nor W2 ; ; ;
requirements. It can save the transposition delay to simplify elements/cycle element/cycle element/cycle clement/cycle
the computation flow of two-dimensional (2-D) DCT and, in

view of circuit implementation, SCDCT is multiply-free and thus  Fig 1. Typical DCT coding system.

area/speed efficient.

Index Terms—DCT, selective coefficient, 2-D DCT. I

. SELECTIVE COEFFICIENT DCT MODULE

The 1-D DCT of a real data sequendg¢(n) : n = 0,
| INTRODUCTION 1,...,.N — 1} is defined by
HE discrete cosine transform (DCT) defined by Ahmed Oln) = = mu(2n + 1)
et al. [1] in 1974 has recently found a number of (u) = o )Z F(n)cos N ’

applications in the area of digital image processing [2]-[4].
Fast algorithms for the DCT are, therefore, of significant

practical interest. For the fast computation of two- dimension@)herea(o) (u) = /N u#0. We take 8x 8

(2-D) DCT, there are two categories: row-column methogs the standard size of a processing block. For the matrix form
form one-dimensional (1-D) DCT [5]{9] and direct 2-D DCT, of (1), we defined constant matrlk and data matridD(n) as
[10]-[12]. However, for fully pipelined implementation of

foru=0,1,---,N -1 1)

the row—column method, a complicated matrix transposition A A A A4
architecture as well as two 1-D DCT modules are required. F=|B1 B By B 2
On the other hand, large area and bandwidth are also required G G OG5 Cy

for the implementation of direct 2-D DCT. o 1 (2i—1)7r o
We proposed a 1-D DCT module, called selective coefPNhere A = geoslfl Bi = gcos] b Go=

1)71' _
cient DCT (SCDCT), which is multiply-free, and it provides2 COS[ 2] fori=1,2andj = 1,2,3,4.

different bandwidth requirements with a buffer engine, in Dy(n)
addition, it can avoid heterogeneous problems in video/image Din) — Dy(n) 3
compression. (n) = Ds(n) (3)

As illustrated in Fig. 1, the data flow for the transmitted Ds(n)
video is inherently in the form of sequential data. No matter _ n
row—column method or direct 2-D DCT will generate 8 of where Do(n) = f(0) + (=1)"f(7)
64 elements/cycle, which are far more than the bandwidth of Di(n) = (=1)P0) % [£(1) + (=1)"f(6)]
guantization process. 2

To overcome this, we specified the design features Ygrere»(n) =[]

be: 1) sgquentlal output; '2) stralght forward row—c column (n) = (=14« [£(2) + (-1)"f(5)]
computation; and 3) selective coefficient computation. These )
three features avoid the transposed memory delay and stradyRere ¢(n L%J
match the throughput of the whole system. Being a building _ r(n) n

. N =(-1 3 -1 4
block of 2-D DCT, the SCDCT module provides the flexibility (n) (=1) 3+ (=1 ()]
of the assembling and thus supply for the various area/speduere r(n [%J
tradeoffs. The matrlx form of 1-D eight-point DCT will be expressed
as
O(u) = [P.D(w)]"[S.F] (4)
foru =0,1,---,7 whereS is selection matrix
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Finite TABLE |
Selection BooTH's REPRESENTATION OFCOSINE FACTORS
ﬁ Coefficients
Input A/S g Switcl ipli Output
npu groups D witches Multiplier utpu FSCM1 FSCM?2 FSCM3 FSCM4
£0) ~ [~ — —
Dy “—H—r D, 78 Ay 0101010101000 A, 0.101010101000 A, 0010110101000 A, 0.010110101000

f(7) i B, 0100010100100 B, 0100010100100 B, 0.010100010000 B, 0.010100010000

C, 0100000101000 C, 0.101010101001  C; 0.010010010010  C, 0.000110010000

(1)
f(6) - P A=

f(2

fgsg D, 77
f(3)

f(4) Dy

Sumi—~

TABLE I
ComPARISONS OF CIRcUIT COMPLEXITY IN REAL-TIME
HARDWARE IMPLEMENTATION OF EIGHT-PoINT DCT

> 1>
| I
<
| |
R
| |
FoRHOE>
1 1

: Chen’s  Wagh’s  Lee’s Malvar’s Chan’s .
] ] ] 51 w6 m o oy Ot
Add/Subtraction Rearrangement Sum of products ]I\\I/[l:ll:)ptlf :;i 16 14 12 12 12 0
Fig. 2. Block di f selecti fficient DCT module. Number of
ig ock diagram of selective coefficien module :(ﬁ‘c:):r of 26 3 59 31 - ’s
and permutation matriceR;,¢ = 0,1,---,7, as illustrated in nput bandwicth 8 8 8 8 8 1
the following: requirement
1 0 0 O 1 0 0 0 Qutput bandwidht 8 8 8 8 8 1
0 1 0 O 01 0 O Large transpositi
Py = 00 1 0 P = 00 1 0 buf?crf(?r;«?)m[)lg;‘ yes yes yes yes yes no
L0 0 0 1. L0 0 0 1.
1 0 0 07 0 0 1 07
00 0 1 1 0 0 0 The idea of multiply-free implementation of SCDCT is to
Py= 01 0 0 P3 = 00 0 1 take advantage of the fact that cosine factors are fixed so
0 0 1 0l 0 1 0 0l that multiplication of the factors are then shifted and added
to produce output.
1 0 0 07 M 1 0 07 We define four sets of finite selection coefficients multipliers
P, — 01 0 0 P. — 0 0 0 1 (FSCM’s) for the right-most block as shown in Fig. 2
T oo 10 7110 00
0 0 O 14 0 0 1 0J FSCM—].:Al,Bl,Cl; FSCM—2:A1,Bl,CQ;
FSCM -3: Al,BQ, 03; FSCM —4: Al,BQ, 04.
0 1 0 O 0 0 0 1
Ps = 0 001 P, = 00 10 The booth’s representation of the cosine factors are listed in
1 0 0 0 01 0 of Table I.
0001 1000 Therefore, the cosine factors control the addition or subtrac-
From (4), the 1-D DCT computation could be decomposdin of the shifting data. Namely, if th&h bit of cosine factor

into three steps. is 1, then date2~* are added, if it isI, subtraction of the
1) Compute the data vectdd. datax2~* will be processed, otherwise ignoring it. The block
2) Rearrangdy, D1, D», andD; by mappingD = PD. diagrams of the four FSCM'’s are shown in Fig. 3. The fully
3) Sum up the products FD. The corresponding cosinePiPelined architectures of FSCM'’s consist of shifters, adders,

factor set is chosen fror by selection matris. Since and some simple logic gates. _ N
the cosine factors are constant, the product could be im-The hardware implementation of FSCM is based on shifting
plemented by shifting and adding operations. Thereforand adding structure. Therefore, the circuit complexity is much
we could obtain a multiplier-free DCT module. less than many fast DCT algorithms. Table I compares the
. circuit complexity of SCDCT with fast 1-D DCT algorithms.

The block diagram of SCDCT module is illustrated i : . ) . .
Fig. 2. The input of the SCDCT module is a 1-D frame wit he_ Input t_)andW|dth .Of SCDCT is (_jetermlned with & buffer
engine as illustrated in the Appendix.

eight elements, as denotgdn),n = 0,1,---,7. The output
is one of the 1-D DCT coefficient€}(u),w =0,1,---,7.
[VV. CONCLUSION

IIl. M ULTIPLY -FREE IMPLEMENTATION OF SCDCT The SCDCT module is based on the property of arbitrary
The main functions of SCDCT are: 1) addition/subtractiogselective coefficient computation. It has three attributes: 1)

operation; 2) arrangement process; and 3) sum of productsefjuential input/output could smooth the data flow and reduce
data vector with cosine factor set. the memory bandwidth requirement; 2) zero transpose memory
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Circular shifting buffer

] First module/first stage

Serial-in-parallel-out queue

parallel-in-parallel-out queue

] Second module/second stage

Fig. 4. Implementation of 2-D DCT by two SCDCT modules.

delay could straight forward the row-column computatiofree for 2-D DCT by row—column method, DCT truncation
flow; and 3) the flexibility of area/throughput tradeoff. Incoding, adaptable area—time tradeoff and bandwidth require-
the architecture of the SCDCT module, with FSCM beinment.

proposed, the multiplier-free structure makes it area effi- ) N
A. Implementation of Delay-Free Transposition 2-D DCT

cient.
The row data vectord’; = [fio fi1 - fir], t =
APPENDIX 0,1,---,7, are sequentially fed into the first SCDCT to get
APPLICATIONS OF SCDCT intermediate 1-D DCT coefficients. The column vectors of
The SCDCT module is able to compute an arbitrary 1-bhe intermediate DCT coefficients; = [to; t1; - t7;],

DCT coefficient. This property allows the SCDCT mod4 = 0,1,---,7, are sequentially fed into the second SCDCT
ule to be adopted for various requirements, such as deléy-get 2-D DCT coefficients. The whole block diagram of
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Fig. 5. The reduction of the bandwidth requirement. SCDCT

Fig. 7. Specific DCT application: Partial DCT.

Circular
Shifting
Buffer B D. DCT Truncation Coding

= For DCT_ tr_uncation coding, which forces the high frequency
DCT coefficients to be zero, only a lower frequency DCT
seper SChCT subblock is required. With SCDCT, a special DCT architecture
— r—‘ could be designed to calculate any44 subblock of the 2-D
} % { i } I }'H ! % % % ]['U DCT as illustrated in Fig. 7.
\IIIIHHI!I!II
SCDCT SCDCT
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