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Stochastic Gradient Based Variable

Momentum Factor Algorithm for
Adaptive Whitening
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Abstract In view of the convergence speed in adaptive whiten-
ing technique, by adding a momentum term with a variable mo-
mentum factor, a fast adaptive whitening algorithm is proposed.
First, the presented algorithm incorporates a momentum term
into the adaptive whitening algorithm to accelerate the conver-
gence speed. Then, a variable momentum factor to improve the
allover performance of the whitening system is obtained based
on the stochastic gradient of the cost function. Experimental
results demonstrate the good performance of the proposed fast
algorithm both in stationary and non-stationary conditions.
Key words Whitening, momentum term, adaptive, blind
source separation

Citation Ou Shi-Feng, Gao Ying, Zhao Xiao-Hui. Stochastic
gradient based variable momentum factor algorithm for adaptive
whitening. Acta Automatica Sinica, 2012, 38(8): 1370—1374

RS B & AR TERNRAR 5 R0 AR 2 S 56 AE f] SE 58 5
WIEILT, WRAEE S G RrtE, OOR G ok &
YA R, T S U S A S TE R SRR D EE A
MR, YRS BSTETREEAE A2 TR W8 E 5 2
TG A B A5 T T AT A R R L (R LA
AR E RS> BB TAL B IR, i 4 mT ARG 20
By B R, HRR R A M LR S s
BEARP R ST 2 B8, R, R F L R
VLA RIB I B 2 H AT 2 i o

U () (ARSI R o g b A B AT R B B N SR
T HIEN ARFEE R ERAR, BT USEHLER &5 5 IR
ek H I 2011-03-31 A HM 2011-10-18
Manuscript received March 31, 2011; accepted October 18, 2011

65 [ R BIEES (61005021) %)

Supported by National Natural Science Foundation of China
(61005021)

ALTHUERE H2AH

Recommended by Associate Editor FENG Ju-Fu

1. JHE KRG BRAR AR G 264005 2. HAROKEIEAE TR b
K4 130012

1. Institute of Science and Technology for Opto-electronic Infor-

mation, Yantai University, Yantai 264005 2. College of Commu-
nication Engineering, Jilin University, Changchun 130012

EF, WA BT BRI T R ST AR R 2 R
—HE, N A S A A S R S R A L RE 18] ) i
i) R, LA A AN R[] I e i 3R 0] T I AR RIS IR R AR ) o B
R SICH P FNASAS DR ZE ISR . 2 fgp L i) 5L 1 3 A K
A E N AR ACHR, RV A S Bt AT 7 2 i 4ok gk
A ) (A ROT A 1B A KRR R S IR Z )
WS HL, B SE S BN RN ), ASBESEBLN 5%
AR B P EREE 2. S T IR AR ), AR SO — AN A
FEHA, 45 T SRR A 3G N 1A S AR G S B R R A
ZEX JEWIIATIT 58, 156, SVAIL I BN Bl B 100K N s R 4
A A, i et I L R R G S0 B N R A A R
o il 5 B B D SR AP AR ) 1) 8, S BB 5 594
X Bl R AT AR e SR, DARIBCE PR (i S50 P S /N 1
Faas iR 22, SCRHES TSR T BN SR R, A
P USRI W0 UE T 4 th S AR PR AR PR A B2 T R )R

fiE.
1 BENAk

BB n ANAH AT A5 U5, SR AR R R I R 15 R AL
ZJa, BE m ASWIE T, EAFIESN BRI, B
DA 5 G PE 5 R R RN A

x(k) = As(k) 1)

Horh, i (k) = [31(k), 22(k), - @m (k)]T A,
s(k) = [s1(k),s2(k), -+, sn(k)]" AT, A e R &
NIRE IR, BORHANRE, B m = n, REE 550
TE 5 AN BH TR

FFIT 3 A ok 13— B W, ML T )
WIS 2 (k) 3 S y(k):

y(k) = Wa(k) (2)

KH, W oe R™™ For FHAERE, i i F Ak i y (k)
AL

E {y(k)yT(k)} - WE {w(t)w(t)T} wT =1 (3)

Horp, T R HALHIBE. 4 Rew NIRGES x(k) EMX
FBE, JEXHLREA TR W, A7

Rew = E {:B(k):vT(k)} = VoHo V" (4)

Herp, Vo M Hy 209378 Rae IRAHF AL ) AT PR AR AR B AL
W, NUSHEACEE (AL SETEX T W sk figls 3R o 1)

W=H,2V," (5)

ALV Fe PR, ELTE T A R et T 5 S
HEFABER, ORI 5 AT AR, H % SR Sk (1]
A B BB R I A S, JEEE R 1 R, 0
L0 S L B BB B €, SO LR W (k) B
FATEI R MR (6) BOAR B e



8 W HH UGS BT BB RE R A2 sl B ] G i

1371

TRA SR (k) AR y(k)
A W

(

| o -t - yowiown |

s(k)

1 FUEN ARSI

Fig.1 Basic scheme of adaptive whitening algorithm

J(k) = —% {log [det(wT(k;)W(k))] - i E(y?(k))} 6)

o, det(2) RaRwHRE Z MATHIRIS . T W(k) X
J (k) WIWER LTSk T, A

0
TR (7) A EOERBEE EALIERE W (k) HSRT AR b
aJ (k)

W(k+1) = W(k)

oW (k)
W k) + [T y(R)y" () k) (8)
b, u BB, SRS s, IR 0 <
n < \/Az—max(li'\/ky—max)y EEEKJ Az—max %u Ay—max %%U
SIRHIE Row 55 Ryy = B{y(k)y™ (k)} HATOHHERL

i B A BOR, — ORI A TERE T (Per-
formance factor, PF) 1 J P brukl®) ) Hit50dn T

PRIG(R) = |1~ G(k)GT(k)Hi ©)

Hr, G(k) = W(k)A FZORBEDNRGMALIEHMPE. PF (K
AN T R G ARSI A RCR, BRI, RoR R4t
i AE S AR YRR, AERR R, 1T PF 80U, W
ARG TR 1 A AR LT
2 BB EELE NS

[ 2 % A JE AR BB, BT A L HE N A
SEAEAT 5 A B R v Tk MmO S5 5 B A R A 22
K. NG LR, NATAE RN 9 2% AUk P i 1 45 5 3
TR AR S ¢ 22 [ 17 A 4k (Back propagation, BP) Hik
(SCPE REIS), P ER RAT TSR, e 2O R 5
WAL SIS AN B i SV B N JR SR AN i A RS, ARG A
KEFE  ASOR 2 S AUl 29 ) 1)y I AL R, A
REAE W (K) (KB I R P BRI, LU — D R SE
(R SE e, HARSR AR R 5

aJ(k)
oW (k)

W k) + 1 = y(k)y" (k)| W)+
BIW (k) = W (k- 1)) (10)
Hrp, BIW (k) = W(k —1)] KRN, g AshER T A

3 (10) HRT DA Y, MESEAH] T ARSI 221 1) AR R AR
KAk, FEX W (k) FIEFL R S — sl R, HERE

Wk +1) =W(k) - p +BW(k) -W(k-1)] =

P ARSI B RREGE PE. DA W SR I 2 1 Al
FEMEAR AL K, gt (W (k) — W (k — 1)] BB RIT,
W W (k4 1) A8 IERAT NI, SRR AR R is A
FEAF AR MBI IX — B IR, W BEE S 25 ey BRI L o5
HHEVEREM H K.

ML (10), A AR REGE AT (SR

AW (k) =W(k+1)-W(k) =

2 fj g 1=y )] W) +8" W () - w(0)]
(11)
K, Sy RAESEROHCSIE, B IR N o
gelo, 1) (12)

K2 g — R Eses b, MR T 8 AR
HUE I, BRI B3GR (SRS b 2 . o
B =0 I, FoRFIERATIMAZ B, BIEH 2 (8) Fas
% K 2 G RAAEE Y, B RIUG, SERBSIOE L RE
g RATA ISR T, 1M HLah &7 R BUE RS, R G
K R R BbR . (B SR AE SRAT LR W SR L O TR I, g
SRR G2 a2, JF BB s 74Ul
g, FERIR SRRl 2Bz

0 200 200 620 800 1000 1200

K2 FhERTARENF SRSz E

Fig.2 Convergence curves with different momentum factors
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Fig.3 Illustration of the proposed algorithm
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