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An Efficient Array Algorithm for VLSI Implementation of
Vector-radix 2-D Fast Discrete Cosine Transform
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ABSTRACT

This paper describes an efficient array algorithm for parallel computation of vector-radix two-
dimensional (2-D) fast discrete cosine transform (VR-FCT), and its VLSI implementation. By map-
ping the 2-D VR-FCT onto a 2-D array of processing elements (PEs), the butterfly structure of the
VR-FCT can be efficiently implemented with high concurrency and local communication geometry.
The proposed array algorithm features architectural modularity, regularity and locality, so that it is
very suitable for VLSI realization. Also, no transposition memory is required, which is inevitable in
the conventional row-column decomposition approach. It has the time complexity of O(N + Nyzp-
logoN) for (NxN) 2-D DCT, where Nnzp is the number of non-zero digits in canonic-signed digit
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(CSD) code. By adopting the CSD arithmetic in circuit design, the number of additions is reduced

by about 30%. as compared to the 2's complement arithmetic. The computational accuracy analysis

for finite wordlength processing i1s presented. From simulation results, it is estimated that (8x8)

2-D DCT (with Nyzp=14) can be computed in about .88 usec at 50 MHz clock frequency, resulting

in the throughput rate of about
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Fig. 4. Internal block diagram of processing element.
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20 0 100000 00 01 O 00 10000000
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820 O 000000 00 01 1 01 10000000
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943 0 000000 00 01 0 00 01000000
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A - 2 C
{3 41 Dok SUM
] -y
. o -
_.{>_. . b 8
E L] ' A
[ CARRY
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J8 6. 1-H|E #A7bst7) 32,
Fig. 6. 1-bit full adder circuit.
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1 N N N " a
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Fig. 7. SPICE simulation results for 12-bit ripple-carry
adder.
LT
DD AA
RR CC
w cC
AA —
__ HL
HL
80 xW
80 i
52
o s2
g gg — 52y- CCy = Bn
gg gg ——  Accumulator reset
86 C3 1
gs 3 ~— -y = Gn
86 B3
86 By ~— O+ ®u-§ = B
R A

(A-B) « C, databief ol AFaAold WA (W, A=52y4, B=CCy, Cp=01010-1002)

035 A2l 84 E Aol dish =] Algaeld A
Fig. 5. Logic simulation results for processing element.
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