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ABSTRACT  This paper describes a VLSI implementation of real-time two dimensional DCT processor for the
subprimary rate video codec system, The proposed architecture exploits the parallelism and concurrency of the distrib-
uted architecture for vector inner product operation of DCT and meets the CCITT performance requirements of video
codec for full CSIF 30 frames/sec. It is also shown that this architecture satisfies all the CCITT IDCT accuracy
specification by simulating the suggested architecture in bit level. The efficient VLSI design methodology to design
suggested architecture is considered and the module generator oriented design environments are constructed based on
SUN 37/150C workstation. Using the constructed design environments, the suggested architecture have been designed
by double metal 2 micron CMOS technology. The chip area fo designed 8x8 2-D DA-DCT(Distributed Arithmetic
DCT) processor is about 3.9mm X4 8mm,
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DA_DCT_LUT(CTYPE, ROM_NO, ADLDR)
char TYPE:
int ROM_NO, ADDR:
{ )
double cf_sum = 0;
int ADDR_BIT = 4; /% Number of address bit #*/
int i, SF = exp(rom_bsize - 2);
char BIT_SEQ[ADDR_BIT + 1], *ItoBIN():
/% Make Binary Bit Pattern of ROM_ADDR %/
strepy (BIT_SEGQ, I1toBIN(ADDR, ADDR_BIT))
for (i = 05 i < ADDR_BIT: i4+){
if ( (PYPE == “F’) && (BIT_SEQ[i] == *1’)) {/* For FDCI %/
PiT((ROM_NO % 2) == 0) cf_sum += DA_TCFI[{ROM_NO/2]){i]:
clse cf_sum += DA_LCIZ2{ROM_NO/2])[i]):
}
else if ((TYPL == “17) && (BIT_SLEQ[(i) == 1)) {/#% Vor I1DCT #/
if (ROM_NO < 4) cf_sum v~ DA_JCF1I{ROM_NOJ[i]:
clse cf_sum += DA_iCF2(ROM_NO - 4](i]:
}
b

Telu

—

rn( rounding(cf_sum * SI7) ).

DA_ACCUM(row, col, bit_no)

i

nt row,

/% output

{

int ad

for(i
addr
sum
}

addr =

sum ~—=

}

return

col, bit_no:
Fl{row, col]), input : (0, col] ~

d, i, sum = 0;

= 0: i < (bit_no - 1): i1 )y
= mkaddr(col, i):

+= (DA_DCT_LUT[row]{addr] % exp(i)):

mkaddr(row, col, bit_no = 1}

(DA_DCT_LUT[row]}[addr]) # exp_2(bit_

(sum);
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FDCT
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Round &
Clipping
IDCT
<+~ Accum [l Da_IDCT v aia Accum  fo4 DA_IDCT
9.0 2.x|_ LUT 115 2.x| _LUT [———
Round & ZoqAY U
Clipping
38 5 #atadibd ol 44 DCTAH e
DCT based on Distributed Arithmetic
#* telvl WIS ¢ 256 Lo +255
* DA IDCT_LUT bit o @ (2.14)
El djelt] o : 610000 randoem integer pixels
Mcan LError versus pixel Location {(x 1000)
2(0 L 0(0) 1 (0} 0(0) (0 {0 1{(0
0 (-1) -200) 1 C1y Q@¢U1)y 0(0) 1(0) 0¢0} 1(0)
PO el 0 1(2) 06(0) 0(0y 0(0) 0(1)
(3 0C¢) 10 -1 10 1(0) 0(0 0(0
(1) 0(0) 0(0 {0 0¢C0H 0(1) 0(L 1(0)
T 0¢H 1(0) 1(0) 0(1) 6¢(0)y 0(0) 0¢(0)
POy o)y -1 g0y 201 1CH 0¢0) 0(0) -1(1},
F(O) 0(C) 0(0) 0(0) 0(0) 0(1) Q2 0(1
Mean Square Fervor versus pixel bocation (x 1000)
9(10) 10 (9) 9 (8 9(T)y 7T(8) 10(7) B(TY B(SH
9(9) 9(8) 8(8) 10(B) B8(8 B 8¢ 98
9(7) 10(8) B(8 9(M 9(H 9(7 1009 98
9(9) T(8) 8(8) 9(8) 8(8 109 900} 8 (10
8(8) 10(9) 9(9) 8(8 7T(8 10(8& 8(8 100
8§(8) 9y B(8& 9(M T{(Ty T(8y10(9 9(8§
9(9 9(9) 9(8 9(9N &(H T(TH 8(T) 98
9(8) 8(6) T(9 71(8 8(9) 9(8) 8(8 B(8
vandon dala opposite sign
Peak Ervror : 1 1
Number of Error of 1 5482 (0. 86%) 5239 (U.82.0)
Nunber of LError above 1§ 1] 0
Pcak Pixel Mecan Square Ervor : 0.0t 0.0
Overall Mcan Square Ervor : U, 0086 0. 0082
Peak Pixcl Mcan Error (in magnitude) : 0.0023 0. 0027
0. 000063 0. duvuzu

Overall Mean Errvor :

- All-zcros in produce atl-zeros out,

J%6-1 CCITT IDCT A slw wejrlgl 71}
Result of CCITT IDCT accuracy simulation
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Mean Error versus pixel Location {x 1000)
2000 1(1 0(¢0) 1(CO0 0(0) 1(0) 1(0) 1(0®
0 (1) -2(0) 1(¢hH 0(L) 0(0 1(0) 0(0 1(0)
LCD 1) 0 1y 0(0) 000 0(0 0(YH
(3 0(-2) 1(® -1(H 100 10 0(0 0(H
(1) 0(® 0(0) 1(0) 0(0 0(H O0(1)y 1(0)
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F(0) 0(H -1(0) -2(1 t{H 0(0 0(0 -1 (D
10 0(C1 0(0 0(0) 0(0 0(1) 0(2) (1)
Mean Square Error versus pixel Location (x 1000)
9(10) 10(9) 9(8) 9(7T) 7T(8 10¢(7) B8B(T) 8(8Y
9(9 9(8) 8(8 1008 8 (8 8 8(T7) 9(Y
9(T 10(8) B(B 9(DH 9{(®H 9(1H 109 (&
9(9) T(8) B(B®H 9(8 8(8 0C9H 90110 8(10)
8(B) 10(% 9(9 9(8 T(B 108 B8 1000
(8 9(thy B8(8) 9 (N T(NH T(8 109 9(8
9(9 9(9 9(8 9(9 B8(9H 1(7H B(T (Y
9(8) B8(6) T(9 T(8® B(YH 9(8 8(8 B8(H
' random data opposite sign
Peak Error : 1 1

Number of Error of 1 :

Number of Error above 1 :

Peak Pixel Mean Square Error :

Overall Mean Square Error :

Peak Pixel Mean Error (in magnitude) :

Overall Mean Errvor :

5482 (0.86%) 5239 (0.82%)

0 0

0.0t 0.01
0.0086 0,0082
0.0023 0.0027
0.000063 0.000020

~ All-zeros in produce all-zeros out.
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B2 DA-FDCT %43
Characteristics of DA-FDCT.

Technolgy 2-pm o] F F& A CMOS

Core #7) 3.9 x 4.8 mm*

T Tr A oF 70,000 74

20 MHz
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