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Abstract

A joint adaptive algorithm of orthogonalization and
gradient method can improve convergence speed and
residual error for colored signals. When a lattice pre-
dictor is used for the orthogonalization process, the
reflection coefficients k(n) change sample by sample

following the input signal. The fluctuation of x(n)

malke the learning process unstable. This phenomenon
was analyzed and the synchronized learning algorithm
was proposed. The filter coefficients w(n) are com-
pensated for as w(n+1) = K(n+1)"'K(n)w(n+ 1),
where K (n) is a matrix composed of the reflection coef-
ficients. w(n—+1) is used in evaluating the output error
at the (n + 1)-th sample. This algorithm, however, re-
quires O(2M L) computations, where M is adaptive fil-
ter length and L is lattice predictor length. In this pa-
per, an approximate update method is proposed. The
matrix K (n) of the joint adaptive filter replace matrix
composed by the partial matrix Ky 7(n) and unit ma-
trix I. The approximate update method compensate
limited filter coefficients w(n + 1). The method which
we proposed reduces the computational load of the syn-
chronized learning algorithm by this limited correction
filter coefficients, however, error increases. Simulation
results using white, colered, and speech signals show

stable convergence by the approximate update method.

1 0O0oOd

gbooboooboooobooooobooobobooooo
Normalized LMS(NLMS) 000000000000
NLMSOOOOOODOOO0O0O0 MOOOO O(M)
gbooboobooboboobobooobooobooooan
gooooboobooobobooooooboooooon
gooooobobooooboboboocoboooooooon
OO0 [1D0000o0000oOooo2000RLSOO0O
gboboboboobobooboboobooooobooan



Input
vector

u(n)

Estimate
of desired
response

d(n)

FIR
Adaptive
Filter

Orthogonalizationmpy

Stage 1 Stage 2

U 1.0b0boooobooboooonog

OOO0O0ORLSOOODODOOM*)DOOODOOOOOOO
gobooobooobobil1ooooooobooooon
Oo0ooOoOoOoOoUoooOoOO ooooooood
goboooboobobooobooooobooboooon
gobooooobooboboobooobooooon
gbooooood

00000000000000000000000000
0000000000000000000 [1,2,3,4,5]0
0000000000000000000000000
00000000000000AROOOOOOOOOO
0000000000000000000000000
000000000000000000000 [1,2,6]0
000000000000000000000000
0000000000000000000000000
ooo

goooooooboooboocoobooboobooooo
gooooobobooooboooobooooboooooon
goboboooobooboooboooobooooon
O000ooO0oOoO0oooOoooooooooog [, 8o
gobooobobOooboooooboooobooboooon
gbooboboobobooobooboooooooboooboan
000,0000000000000 K(r)OODOOO
gboooooboooobooobooboobono MO
000000000 o000 oML)ooOOo

gobooobooobobooobobooobooboooon
gobooobobOooboooboboooobooooooon
0000000000000000000 K(n)ODOO
gobooobobOooooooobooobooooon
gbooboboobooooooboobobooooboog
gboooooboooooooooooboooooa

2 Joogboooobobooon
oobooboobogooobgn

oo
2.1 Oooooboooodoabbo

2000 L00o00oooooooboo MOOoOoO
OO00oOo [1,8)o0ooooooo »OoOOoOoOooooo

Jo(n) - Si(m)

4

U20b0boocoooboboooocooocoonodg

ooao
Fin(n) = Frner(0) + 63 (W)buca (= 1) (1)
bis(1) = bt (1= 1) + K () fraca () (2)
foln) = bo(n) = u(n) (3)

00000000m=1,...,L00«000000000
mO0000000 «,000000000000000
00 fno1(n)0bpm_1(n—1)0000000 (0<v<1)
0000000000000000000000

KNm (1) =YENm (0= 1)+ bpi(n = 1) [,y (n)  (4)
%p,m(n) =ykpm(n— 1)+
(Ifm=1(m)* + b1 (n — 1))

Km(n) =— LN’m(n)
m( ) QHD,m n)

(5)
(6)

O00000000000000000000 fm(n)O
bp(n) DO0DO0O0O0OO0O0DOO0OOOOOOOO LODOO
goboboooobooooboooobboooboooon
goooodg

22 0O0OO0OO0OOOOOO0

00 yr)0000D00000b(R)ODOOOO0O0O
w(r) 00000000000

[bo(n), ..., bar—1(n)]*
[wo(n), ..., wM_l(n)]T (8)
y(n) = w’ (n)b(n)

gooboroooboooboboooboboboofFOOOOO
gooooog

000000000 win)ODOOODOOOO LMSO
gboboobooobooooboboooooooooon
000000000000 Rn) 00000000000



00000000 d(r) 0000000000 y(n)00
00 e(n) 0000000000000D0O0000ODO
000

e(n) = d(n) — y(n)

wn+ 1) =w(n)+ Wb(n)e(n)

00000000 (0<dk1)00000

23 000O0Ox0O0COCOOOO0O (8]
02000000000 yr)0OOO (9000

y(n) = wy(n)bo(n) + wi(n)bi(n) +---

+ w1 (n)by-1(n) (12)
O000000000000000bn) 000000
[u(n),u(n —1),...,u(n — M 4+ 1)]"

u(n) = (13)

gdoooooooooonoa
b(n) = K" (n)u(n) (14)
gdobo0ooooooboobooooooao f(n)
£n) = I (n)u(n)

00000 J(r) 000 K(n)ODOODODODOO000O
0oooo 8o

(15)

Jim(n) = Jim-1(n) + k5, (R) Ki—1 1 (n — 1)
Kim(n) = km(n)Jimo1(n) + Ki—1 m_1(n — 1)

0000000 K(»)ODOOOOO 100000000
gooboobooooboooooooboooobobooooon
UrlL+200000 MOOOOODOOOOOOQODOO
gboboooobooboobooooboon

K(n)=
[1 Ko1(n) -+ Kor(n) 0 1
0 1 Kor(n—1)
0 . Kpo1.1(n) '
1 Kioip(n—1) "
1
L0 . 0 |

0900 (14000000 yn)OO

y(n) = w (n) K" (n)u(n) (19)

0000000000w?(n)K¥ () 00000000
0000000000000000000000000
00000000000

24 000000000007, 8]

oooooOoOo “0coooobooooobo»boooon
gooboooboboooobooobooooooboooon
gobobooboooobooooooooooooooooon

Kn)O0DODOOODOO wn+1)0 K(n)DOO
0000000000000000000

(n+1)= wH(n + l)KH(n)u(n +1)
(n+1)=dn+1)—gn+1)

(20)
(21)

<

D2

én+1)00000000 ¢(n+1)000000000
O00n+10000000 K(n)OODO K(n+1)00
00000000020000000000000000
0000wr+1)000000 (20000000000
000000000000000000 w(n+1)00
000000000000 gn+1)00 (20)0 g(n+1)
00000000

gn+ 1) =wP(n+ DK (n+ Du(n+1)  (22)
00O000000ooooo0

Kn+1lwn+1)=Kn)whnh+1) (23)

wn+1)=K(n+1)"'K(n)w(n +1) (24)

n+10000000000w(n+1)00000 w(n+1)
0000000000000000000000000
oooo

gooooobobosobobooooooboooooan
gooooobobooooboobobooboooooooon
goooooooboooooobbooobooooon
goboooooobooobobooooooboooooon
goo40000

25 0OOOOoOO

loobooooooooboooobooboooooan
ubooboooboobobobo1booboco 1000
gooooboobooboboboooooobooooon
oooooboooboooobobooboobooobog
gboooobooboobooooz2MLoOonog



E it
rror Surface Filter Output un-1) | |K@n-1) |b(n-1) | [y(n-1) |e(n-1)
Error
Updating
Filter n-1 \\ w(n)
Coefficients T @ ---- Compensation
Updating w(n)
Reflection
Coefficients l
Compensating u(n) = |K(n)  |b(n) = [y e(n)
Filter
Coefficients
w(n+1)
n

U3 0boboboobooboooboooan

U l.:gbooocooobooooog

00 00 un+ )| 2 [k 1) b ) |2 [y [ear 1)
000 |2ML+3M + 9L +2|2M L+ 3M + 51
NLMS 3M + 2 3M
RLS 3M2 4 4M M2+ 3M n+tl w(nt2)

U4 0b000o0o0ooobooocoboooog

3 Uooobbooboobobooon
Joooo

OO0 K(n)DOUOUoooooooo

Kyu(n)=
0000000000000 00000000000

0000000000000000000000000 1 Koi(n) -
00 K(»OOOODO0O00000 w(n) 000000 0 1
00000000 [7,8000000 LO0O0OO00OOO
MOOOOOOOO OML)DO0O00 L« MOO
OORLSOOOOO0OOOOOOOOOOOOOOOO
NLMS 0000000000000 00000000 :
0000000000000000000000000 0 -0 e 0 1
00O0o0oooo

Kor(n) - 0

)

0 [(L—I,L(n)

1 . Kop(n—Up)

(25)
0 (18)000 K(»)0DOD 1020000 LO L41

uooooonoooooioooooonoooood gopooo000U,=U—-L+100000000L <
00000000000000ARDOOOOOOD p<MOOUOO00000000000000000
000000000000000 K(»)OoD0OOO000  Kyp(n) 000000 (18)000 K(n)0OOOOO
00000000000000000000 K(n)OO K(pOooOOoOOo

L+200000 MOODOOODOODOOODOOO

000 1000000000000000000001

0000000000000000000000 - _lanm ﬂ (26)

goooboooobooboooboobbo1oz20000

LoOrL+1000o0oooouvbovuooooooaon
ooooo0ooo0ooOo0ooOoooOo00O (180 OoOooorIoooooo0oM-UOM-UDOOOO0OO



0200000000040
goooog goooog
2U0L4+3M4+9L+2 | 2ML+3M 4+9L +2
2UL+3M +51L 2ML+3M +51L

go
go

00 K(n)DOOODOO (23)00000000

[ wo(n+1) ]

~ lZ)U_z(n—l— 1)

K(n+1) wor(n 4 1) = K(n)w(n +1)

(27)

_wM—l(.n +1)]
[ wo(n+1)

l§

lZ}U_z(n + 1)

wy—1(n+1) =K+ 1) K(njwn+1) (28)

Lwar—1(n+ 1)

0000000000000000000000000
000000000000 0dw(n+1)00 dy_y(n+1)
000 0U-1000000 (2500000 Kyp(n)D0O
U0 ro00000000000000000000
0000000000000 0U00000000U0U
000000 1000000000000
000000000000000000000000
0000000000000000000000000
00000D00000500000000000000
0000000000 O00000000000000

4 000000

lobooboooooobooboboobooon
gobooobobOooboooboboooooooooon
goboooboboooboooboboooooooooon
vobobooboboooooboooboboobooobog
gorvooboobomMOoOOoOooObOooobooobog
goboooboboooboooboboooooooooon
oo 20000

5 uoooood

Oo00o0ooooDooOOo0oO020 ARDODOOOOOO
gboobooobosbooobooboooboooboog

Voice

Yogoreta mado kara ame ni nureta machi ga mieru

Magnitude

|
- o
T =

I
N
T

0 0.2 04 0.6 08 1 12 14 16 18 2
Samples x10"

gs5 00o0n

White, M=100, L=20

=20

-30 I

o} syt
© W AN Ao s

0 "
Ak

Ensemble-averaged squared error [dB]
(%‘
\e)
(=]

r— sl
-60 M

-70

-80
0

500 1000 1500 2000 2500 3000 3500 4000 4500

Number of iteration

5000

U6 0b0boooooboobobooobooon

gobooooobooobobooobobooboooooo2o
U IIR-FIROOOOOOOOODO 1000000000
gbboobooboobooboooboobo2b00oboon
goobooooobooboboonowobboooon
gboboobooooboobboosbOovy0oOoOooOOd
gbobooboosboooboobooobooooboog
oooooooooOooooooooooOooodBO
gbobooobooboboobooobooooaovuan
gbobobooOooboooboobogu =200U0 =300
U=4000U=5000000000000 =200
U=500000

“U=M"000000D00000000000O0OO0
goboboooboboooboooobobooooboooooon
gboboooboobobvovboboobooboobooon
gbobooboooboobooobooooboboooboog
boboooooboobooobobooooboooboog
gooooao



Colored, M=100, L=20

=)

©w ]
=) =]

o
=
g U=50
3
g U=40
e |
Z .40
2 U=30
g U=20
g -
§-50
=
&
-70 1 I i MTLEET L RO I\Wh
U= s et b ot

80 i i i
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Number of iteration

U 7oboobboobooboooobobooon

Voice, M=100, L=20

UI:SO

Squared error [dB]

i
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Number of iteration x10*

g booboboobooboooobooboon

gbobooobooooobooobobooonbo U =500
U=40000000000000 10dBOOOOOOO
gbooboooboooboob vUu=s00000000
OO02dBO0O0O0O0O0OOOD0O0O0OO0ODO —40dBODO
gbooboooboooboboobooboou=30000
gboooooboobooooobooooooan

gboooboooooobovbooobooo MOoOO
gobooobooboooboboobooobooboooon
gbooooood

6 UOdg

gobooobooobboooboboooboobooon
goooboboooboooboboobobooobooooon
gobooobobooobooobobooooooboooon
0000000000000000 K(»r)OODOOOO
gobooobooboobooboboooooboooon

gooooooobooooobooobooobooooon
gbobooboboooboocoboobooboobogoon
goooooboboooobooooobooobooobooon
goooooboboooboooobobooooooooon
goboboooooboobobobooooooboooooon
bobooboboobobooobooobboboooog
gooooobobooobooooboooooboboooooon
goooobooboobobobooooooboooooon
grvobooboooboooboboobooooog
gbovobooboooboooboboboobooboon
gbobooboboobboooovbooooo MO0
gbooobooboobobooobooboboooog

gogd

[1] S. Haykin, Adaptive Filter Theory, Prentice-Hall,
2002.

[2] B. Friedlander, “Lattice Filters for Adaptive Pro-
cessing,” Proc. IEEE, Vol. 70, No. 8, pp.829-867,
August, 1982.

[3] JH. Yoo, SH. Cho and D.H. Youn, “A
Lattice/Transversal Joint(LTJ) Structure for an
1995 ISCAS, Vol. 2,

Acoustic Echo Canceller,”

pp.1090-1093, 1995.

[4] J.J. Shynk, “Frequency—Domain and Multirate
Adaptive Filtering,” IEEE SP Magazine, pp.14-37,
Jan., 1992.

[5] F. Beaufays, “Transform—Domain Adaptive Filters:
an Analytical Approach,” TEEE Trans. Signal Pro-
cess., Vol. 43, No. 2, pp.422-431, Feb., 1995.

[6] S.H. Leung and C.C. Chu, “Adaptive LMS Fil-
ter with Lattice Prefilter,” Electron. Lett., Vol. 33,
Iss. 1, pp.34-35, Jan., 1997.

[7] N. Tokui, K. Nakayama and A. Hirano, “A Syn-
chronized Learning Algorithm for Reflection Coef-
ficients and Tap Weights in A Joint Lattice Predic-
tor and Transversal Filter,” 2001 TEEE TICASSP,
vol.6, pp.3741-3744 May, 2001.

[8) 00 00000 DD0O000 00D0“000000
0O FIROOOOOOO02000000000000
0000000000000000,” 000 (A),
(20020 1100000)



