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An Application Specific Arithmetic Circuit Design

KEITA OHKUBOt and TAKASHI KAMBE't

In the design of the arithmetic circuits for the embedded systems, there are trade-offs among
circuit scale, processing time, and calculation accuracy and the circuits have to be optimized
based on different criteria for each embedded system. In this paper, we examine the corre-
lation coefficient calculation circuit which is a part of template matching method frequently
used in image processing systems. It is designed based on Digit-Recurrence division algorithm
with the square root in the denominator. Accelerating the subtract-shift operation with a ta-
ble lookup interpolation and finishing the calculation by the threshold value are proposed and
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their performances are evaluated.
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Fig.1 The partial product of the square calculation.
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Table 1 The comparison of the multiplication circuits.

[l (gate) SLFERER (ns)
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Fig.2 The distribution of N and D in the particle
tracking system.
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Fig.3 The circuit diagram using the table reference.

(yOooUoOooOoUoOOoDOoUDOOODOUOUDOO
gooooooooooboooobocoooooooo
gooooooooooooooocoooooooo
goooooooooooooobooooonoooo
ooooooo

32 0 D0OOO

oooobooooooobooooooboooooooon
000000000000000000® 0000
240000000 200000000000000O
gobooooooboooboooooo 200000
gboboooooooocooooootoebOoOoOoOO
23000000000000O0C0O00O00O0OOCO
0250100000000 0.1214210000000 (1)
OU0C0o70000000000O0OUOODO (2)0O
goooboooooooooooocoooooooon
goobooo2000 300000000000D0O0
goooooooooooooisooooooooboo

gboboooooooooboooooooooooa
gbobobdoooobooooooooboooan
1400 4000000000000000000O00O
ocooooooobD400000000000000O0
ocoooOOO0oOooooooboooDbD0O0 Ky, 000 K,
O000K, =0.0468750320000 K, = 0.0625
de4000oooOOoOOOODOOOOOODOOOOn
O00Yidex O 50000 Xingex 0 600000 11
ooooooo

ooooooooo3ooobboboooono4n
goooobooooooooobooooooobooon
ooooo 200000 22000000000404a4d
gooooobl1oboobcooooboboooooon
O 100MHzOOOOOOOO

00000 140040000000000000O
goooboooooooooooooooboonoooo
02000000000000000000C00A0
gooobobooobooboowoobooooon
goooboooooooooooobooboooooo

goooooooOooooooooooobooo 1921

02 4000000000000D0OO0O00O0O
Table 2 The circuit performance (using 4 bit table).
B AxY bz B
HUE PA R 2| (X10%)
(gate) (bit) (ns)
4 vy M7 | 9,327 8,192 100 1.480
—7 VR Gt
Bi[EHL 14 =)
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Fig.4 The flowchart of the correlation coefficient

calculation circuit using the table reference.
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Fig.5 The flowchart of the correlation coefficient
calculation circuit without the table reference.
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Table 3 The comparison of the bit length.

P e | ome | 0T
Ey Mg (X10%) T
Y X (bit)
1.467
16| 324 1.495 2,048]
4 32 o4 1.48 8,192
o4 128 1.479 32,768
16| 32 1.856 3,072
6 324 o4 1.561 12,288
64 128 1.492 49,152
16| 32 5.14 4,096
8 324 o4 2812 16,384}
o4 128 1.954 65,536

g3booooooobooboooooo smon
oobob040000000000e6000080O0
gooobooooboooooooboobooooooo
oooooooooo4000000ooooobooobooo

4. OO0OO0OO0OO

gooooooooooooboobcooooooo
goooobooooooooooooooooooo
goooboooooboooooooobooooooono
gooooboooooooboooooooooobooon
gooooboooooooooobooooooooon
ooboooooboooooo

ooooooooboD X, 000 Yy,000000

May 2007

O000000o00o0ooooX,0o04000 2¢0
00000040 2000000 (10000 K, O
ooo2-e"? goooOo00O0O00000

27Dy [, < X, <27 % (I, +1)  (11)

X, 00 (11)0000000X, 0 272 g0
0000000000000000000 (11)00
Ooo2-~2 goOooo0O00000oOOo (11)
000000o0oood

272 I, = X, (12)

000X,000400000040000000
0000040000 X, 000020000000
0O (e—2)00000000002° @2 000D
00000 Xiaex 000000000000O000O
000000000000000000000000
000000X,040000000Y, 0 05020
000000 (7)0000000X, 0000000
0000000000000 100001111000
0000000000000000

X, =0218750000 640000000000
O0a=600000 (11)0 «000 X, 0000
oo

0.0625 x I, < 0.21875

< 0.0625 x (I, + 1) (11.1)

0000 =3000000000000000
(11.1) 00000

0.1875 < 0.21875 < 0.25 (11.2)
0 (11.2) 000000000 40000 20000
ooooooooooon

0011 < 0011 < 0100 (11.3)
X, 0000000000625 x (274 00000
000000000000 40000000000
0000000X, = 021875 000000X, O
000 2000 (00) + 000 4000 (0011) O
0 Xindex = (000011), 00000 (11.1) 0000
[,=30000000000000
00000020000000000000000
0oo0o0o0oooooo

Y, 005020 2°00000002000000
000000000000000000000000
00Y,0002000002°000000000 (9)
00o0o0oo0o0ooO

27w, <V, <27V (1,41) (13)

Y, 0oooooooooooooy, oboobo 100



Vol. 48 No. 5

0 +000 (3—1)0000000 Yipaee 000
00O

000000000000000 60000000
0000000000000 10000000000
000000 700000000000900000
0000000000000000 4000000
001000000000000000000000
0000000000 900000000
40000000000000000000000
0000D040000Y, 000000000000
00000000000000000 18%00000
0100000000000000

module:prepare module:recurr2 module:table_restore

A Elred | mosx |
[ wEmz | ElEed [paz—on]

\ LYRs |

il 9 B B

06 ODO0OOO0ODOOOOOO

Fig.6 The selectors’ circuit reduction.
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Fig.7 The flowchart after the selectors’ circuit reduction.
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Table 4 The circuit size reduction.

e [EI#& A€ kil =
HIE ey R (X 10%)
(gate) (bit) (ns)

H sl 9,327 8,192 100 1.480

HlliB% 7,697 8,192 90 1.484
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Table 5 The effect of the threshold value judgment.

AR [l AEYHAX
(ns) (gate) (bit)
38 1) 1 90.00 7,697 8,192
HEZ2L
38 1) 1 20.71 8,192 8,192
HEDH Y
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Table 6 The distribution of the calculation finishing process.
N—T8
FIAT VT FELAT VT
LEVE 1 2 3 4 5 6 Bl
TRIRAC LT 17723 | 2595 . 35 8 20361
2Eyk
o
et DPat DIk 712 362 64 15 | #xt 1,153
Al »I l i T
LB TRTERAC LT 97422 | 3.188 58 . 4 shi 100672
3y b
DN Pk 3 8 1 12
[E%x 2717703 98,134 | 20911 2,656 370 104 23 99 400,000
ElE 69.43% 2453% | 528% | 0.66% | 0.09% | 0.03% | 0.00% | 0.02% 100.00%
07 0000D0OO0O0O0OODOOOOOO
Table 7 The comparison of the bit size.
FE ANEERE Y M | [ERE T (gate) ALEERE] (ns) AEYHA Rbit) | #EE (X109
4 By M — 7V ER 20 ' | 9,690 90.00 8,192 0.759
16 £ k 7,697 90.00 8,192 1.484
RREHIB HEAEE 20 'y b 10,125 20.71 8,192
16 £ K 8,192 20.71 8,192
o8 oooo
Table 8 Design results.
[ElFEH(gate) | AE VYA R(bit) AL (ns) iRz (X107)
Booth FH AT —7 L7 L 10,823 110.00 1.467
2 REAER T — 7L L 7,451 110.00 1.467
2 AR+ T — 7L EA 7,697 8,192 90.00 1.484
2 SEEL AR T — 7 U -+ BB 8,192 8,192 20.71
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