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Design of Error Feedback Network Based on Groups Forming
of Error Feedback Coefficients by Genetic Algorithm

MAsAaYOSHI NAKAMOTOT and TAKAO HINAMOTO?

Error feedback (FB) in recursive digital filters is very useful for roundoff noise reduction. In
this paper, we form groups of error FB coefficients and design 2-D error FB network in which
coefficients belonging in that group have the same absolute values. And using genetic algo-
rithm (GA) we find the optimal network by repeating error FB network design and evaluation.
Numerical example shows good design result when each group has 4 elements. Furthermore
we also consider our proposed technique in the case of discrete error FB coefficients. By using
this technique it is possible to choose parameter number and required bits of coefficients, and
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design good performance error FB network under these conditions.
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Fig.1 The process of error FB network design based on

groups forming of error FB coefficients.
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gboooboooooooobooboooooboooobooo
goobooobooboooobooobooooooobooooo
goooobooooooooooooooooDoobo
gboooooooobooooooooooooobo
gboboooooooooboooooboooboooo
gbooooboooooooobooooogoooo
goboooboooooooooboooooooooon
gbooobooobooobooobooocoooooon
goooooboooooooooo

00000 GAOOOD 2000000000000
0oo0ooOoOoOoDoU0OoOoODOOoOUOOoDOD GAOD
ooad

5.1 OO000O0OO0O0DOOOO0O0OO0

000000000GAODODDOOUOODOOOOOO
gbobooooooooooboOooooobooooooao
gboobodoooooobooobooooooooaon
gooooo

oboobooooooobooooboooooooo
ooooooo

STEP 10N O0O0OQO z1, z2, --- zy 00000
gooooooooooobooooooooobooon
gooooooooooo

2D, 2@ .. g

(21)

STEP 2000000 1000000000000
gooooooooooooooo

STEP 30 STEP 20 0000000000000
gboboobcoooooobocobobooooooboooboo
Oo0oooOOoO0O00 k000000000000 000
OrMO000000000D—-kO000D0O

STEP 40STEP 30 L—-10000000100
gboooooobooooooooooo

STEP 5000 0000000000000O0OO



Vol. 42 No. SIG 14(TOM 5)

O0DDDOSTEP 600000000000000DO
L-1000000000000000000000
000000000 STEP 200

STEP 60 000000000000000000
00000000000000

52 000000000
51000000000000000000000
0D00000D0000000000D0 10000
L-10000000L0000 2(L-1)0000
000 (K-1)(L-1)+10000 K(L-1)0
0000000000000 10000000000
0000000000 8,,8,,---,8x 000000
0000000000000 GO

G ={Sk,Sk_1, ---, Si} (22)
oooo
000000 Sk, k=1,2,---K0000000
¢P i=1,2,---L-10

k k k
Si={g™, ¢, -, g, (23)
oooooo

1< g < g < < || < (Lk—1)
(24)

00000000 §, 00000000 ¢V = +1,
gV =+2 ..., ¢ =+ -1)000D0
00000000000000000000000
000000000000000000000 101
00000000000000000000000
()000000 10N =L0000000000
ooooo
d(L) =21
oooo
LO00D0000000000000000000
000320000000+, 0000000000
000000 L-1000000000°00000
000000000000000000000000
00D00DD0O0002*' 0000000000
0000 K=1000000000
({)000000 K (>1)0NDOO000000
000 (L-1)KO0000000000000000
0000 100000N+L00000000

1 2 N+L
x; >7 xé)v J75\T+L)

000000000000000000000000
Y 00000 N+L-10000

GAOODOO0O0OO0OO0O0OODOOO0O000O0ODU0OoO0oDoOoooooo 103

(1 .(2) (N+L-1)
Loy Tz 'y " TNy

00 x,000000ob0o0ooooocoboooooo
o000 100 N+L-1000 N+L-1000
000 L-100000000000000000
goboooooboooooooooooooDbobo
00000000000000000 Sk+1 000
00000000000000000 ¥(Skg+1) 00
od

U(Sks) =257 ( NL=1 ) (25)

L-1
goooooo
L[ N+L L
_ oL—1
U(Ski1) =2 ( ! ) v (26

00000000 K=N/LOOOOOOOooOo
obooodoooad

<N+L>
L
U(Sks1)=2"""1>— L (27)

K+1
ooooooo0ob0 K+100O0O0O0o0o00o0
() (%)
—~ = ——

G ={Sky1, Sk, - 81} (28)
00000000 (O D00D0D00000
0 ¥(Sk+1) O &N) 0DDOOOODOODOOO
U(Sky1) 0 ®(N)ODDOODDOODOO N+LO

obooobooooooboooboooooooooo
goood

\I/(SK+1) X (I)(N)

<N+L>
— 9L-1 L  9(L=DK

K+1
N N-L L
MRk B 2N
' K!
— o(L-1)(K+1)
N+L N L
N S (R I
' (K +1)!
=®(N+1L) (29)

goooooobooooooobooooooobon



104 goooooooooooooooooo

00000000000 Sky O00DODOODOO N
JodoobobOo Loboob0o0o KOoooooo
(L-1)KO0DO0OO0D0000Sky: 000000
0 (L-1)(K+1)000000000000000
00000000 Kbooooo NOoooooo
goobooOo0d0oOoooooooo11o010ob0o000
0oo0oo0ON4+LODDODOOO0ODOOODOODOO0OO 10
100b00oobog
googo
guonono
T1, T2, T3, T4, Ts, T, T7, Ts
od
{z1, x3, x4, w6}, {x2, x5, x7, T8}
0o00o0ooDooboobDDx, =10000000
0O0D0O00D0O00N=80L =40 K =2
()ooooooooooOooUooooo

1 2 3 4 5 6 7 8
20, 2@, 2P W O O L0 ®

(2)00000100 000000000 ODOO
goooodoooo

xél)’ x;(f)» 374(13), xé4), ZEéS), ZBgG), mg(;)

(3)xz 00000000030 z4026 00000
0000000002M03MO50000008; =
{2,3,5} 0000000000 O0OUDOOOOO

xél)» 33552>7 x’(73)7 $é4)

(4)00000100 2000000000000
goooodoooo

xél)’ x;Q)’ xé3)

(5) 2 00000000 0zs02;02s 00000
000000000 1M0200300000000
00002, 0 2, 00000000000000
000000000 S, ={-1,-2,3} 0000

(6)00000000000000000000

0000000000000

G = {8,851}
={2,3,5,—1,-2,3} (30)
00000000000

5.3 000000

00000000000 FBOOOOOOOOODO
000000000000000000000000
00000 FBOODOODOODOOO DO OLagrange O
000000000000000000000000
0000000 FBOOOODOOODOOO0O0OODO

Dec. 2001

gobooobooooooboooooocooooooon
gooboooooooboboooboboooobooboo
ooo

OO0 STEP 10600000000000000O0O

oboobOooOooooooboooooaoon

STEP 10 GAOOO00O0OO0OO0OOOO0OOOOOO
ooooooo

STEP 204200000000000000000O
00000000O000000 coooooa

STEP 300000 COO00O0O00O00OO0OO0
00oU0ooU0o0 FBOOOO (2000000000
00000 sp00000bOOo0oOooboOoOoooOon
Oo0oooooo s0nooooooo

STEP 400000000 FBOOUOO (7)OOO
doooooo voooooo

STEP 500000 VvOOooooooad

F=-V+ Vi (31)
000000000 0Vw..OOOOOOOOOOOOO

STEP 60 GAODDODOODOOD FOOODO

goddooooboooooobooboodoooa
3)oooOooUooUOooOoOoOoooOooUooooo
Oodboooodooooooboooooooooo
ooo

54 GAOOODOOO

dddddbOOoboOOoooooooooboooooaoo
0000000oO0oOooooono

0000000Db0O0000 NpOODOOODODO
gooooboooooo

00000 I (B = 1,2,---
P.(Ii) O

,Np) 0DDODO

F(Ix)

> F(n)

=1
0000000000F()0 I, 00000000
000000000000000000000

0002000000000000 ¢ 000000

000D0000000000000 Peess 0000
00000 Oc, =k(L—1), k=1,2,--- (K—1)00
00 00000000000Kk000000000
O00000000Pe.s 0000000000000
0000000000000 Sk, k= (K-1),---2,1
00 8§, 00000000000000000000
20000 IL,OL, 000000000 GPOGY O
000000000000

P.(Ix) = (32)



Vol. 42 No. SIG 14(TOM 5)
GV =1{S¢, 81,8, -8, 8"}
G(]) :{S%),S;Jll,sg),sg]),sgj)}

goooooooobbboobooobooobbooo

O0oo0ooo0oo00oGnGY) noooon
ooooooo

G — {S%), . "SSL,S,?)w“Séj),Sﬁ”}
G(] ) {S%)y_..Séjlhsl(:)’.”SéZ)’SgD}

00000000000000 P, 000000
00000052000 (400000000000
0000000000000 00000000000
000P,, 0000000000

00000000000000000

G = (8., S}
0ooo

S: ={-1,-2,3}, S, ={2,3,5}
00oo0S,000000000002000000
00000000000000000 mO 2000
1<|m|<30000000000000 {m|+1,—2}
oooo

0008, 0000000 200000003000
00000000000mO 3000 2< |m|<5
0000000000000 {m|—3,+4} 0000

0000S, 0000000 30000000500
000000000000mO 5000 3<|m|<7
0000000000000 {m|+4,—5,+6,+7} O
ooo

00D000000D000() 50000000000
00D0(b)20000000000000000000
000000 (2)0(h)0000000000 200
000000000000000000000000
00000000000000

6. NO LODODOOOOOO

NO LOOOOOODOODOOOOoO0oOoDboOOoo
ooooo
N=(K-1)L+d (33)
Od0b01<d< LO0000OO0OODOO0O0O 40O
00000 100000 Loooooo (K-1)0o
000 KOOODODOooooDoooooodez, OO
0000 0000000000000 00000O
goddd00d0o0D0oO0oOoooooooooooa
N-dOODOODOO LODO0oooOooooooo
0O0000O0000O0O0oO0oO0o0o0oo0o0oo0oooaao

GAOODOO0O0OO0OO0O0OODOOO0O000O0ODU0OoO0oDoOoooooo 105

6.1 ODOOOOOO

420000000000000000000D0O
00000004 >100000000000000
ocooooooooO doooooooooooooao
oo0ooo0oooo N—-dOO0OO0OD0OO0OO00ooooooo
00 LOo0O00ooooooooooogod=100
000z, 000 N—-1000000DO0O00OD0ODOO
ooooooooo

6.2 OOOOOOO

s5.1ddboooooobobooooooboooban
ooobbod>1000000000 d—10000
ooooooooooo

Sk ={g{", o8, -, o) (34)

000000000000 N—d00000 LOO
000000000 Sk~ S, 00000000
oooooo

d=1000000x, 000000000 N-1
goooobooobooooobooooboon

7. O g

71 0 0O O

000000000000000 1000000
000 200000000000000900000
0000000 FBOOODOO (M, M) = (3,3)
00000000000000000 4000040
000D0000000000000 VOOo2000
000000004000040000000000

01 00000000

Table 1 The value of autocorrelation coefficients.
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Table 2 Design results using previous method.
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Table 5 Design results using proposed method for GA

termination condition (b) (P4t = 0.05).

termination condition (a) (Pput = 0).
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Table 4 Design results using proposed method for GA

termination condition (a) (Pput = 0.1).

Np ooo ooo oooo oooo
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Table 6

Design results using proposed method for GA

termination condition (b) (Ppu¢ = 0.1).
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Table 7

Design results using proposed method for GA

termination condition (b) (Pput = 0.2).
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0.7212

0.6229
0.5935
0.5652
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