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Abstract

problem with temporal structure, The key to ICA for whiten observation signals is to find an orthogonal matrix to throw

Independent Component Analysis (ICA) is an efficient method to solve the Blind Source Separation (BSS)

away high-order redundancy between components, Given this problem, we proposed the parametric representation of or-
thogonal matrix in arbitrary dimension using Givens transformation matrix. Based on this, a new separation algorithm
was proposed. Firstly, we decreased the number of parameters to be estimated by parameterizing the orthogonal matrix
using Givens transformation matrix, Secondly, we converted the BSS problem into an unconstrained optimization prob-
lem, where the object function is the joint approximate diagonalization of multistep delayed covariance matrices. In order
to estimate the parameters in orthogonal matrix, BFGS algorithm of quasi-Newton method was provided solving the un-
constrained optimization problem. Finally, the separation for real mixed voice signals shows the effectiveness of our al-
gorithm,

Keywords Blind source separation, Temporal structure, Independent component analysis, Orthogonal matrix, Givens

transformation matrix

AMUSE") %k . SOBI ™ Bk 1 JADEM B k%5 . RA R RI4S
HI )55 38 H PR A A [B] 5 5 SR (8] 7 31 » 6 8145 B AR T
—HHEENE S, EMRFERAB TEF I ERES.

1 5|18

ITAESE , B 84y 3 (Blind Source Separation, BSS) B 22 i{

G5 A IR GURBT T M R TR F A A B AR
S4B RLEED RN M2 M ED FSUREE
EITERMA. BRSO EEEELEEFRAGESHEISHR
BMBESHELT . UAARAFS CANES) 2B IR
RS RERE.

TEAE S RIS T , F LR SMEA N EZEH, LY
EXES ETHESNERFESSE, BMEEHES TR
BZBFEEHERRE, ET R BARFENEE,

FRE H81.2014-01-07  5R{% HH9:2014-03-23
Behh.

R P, Wang Z0T 8B ILT —FETF W% itE
BHEEABES, ZE L E 50 T h F 28N FHE
BATER AL IR AL RSB RES . BRI E s
YIS HEAE R (e R N FE LY 3R, T M 7 B A Y ol — 1~ —
P RE R A T, FE R R AR AR b B S B W 3 B4R R
IEZEA, BRI T Bk A R B A BT .

B T F [ S 09 B 7 G548 A, 10 37 43 4387 (Inde-
pendent Component Analysis, [CA) B H W ES B IR

AICZILHE A RFHFE S (BK2011238) , B Rl KA R A T L I B # 4 (BJG201103)

BAF 991, B, it , FBEHFR M FEESE , E-mail: lixiangzhao0104@126. com; XIE K (1966 —), B , {8+, #£2, TEB R 17 w4

ALER KRR S ME AR SR,
L 78 .



SEABR A —FIETERM T L, ML T,
HAC AL E A] LUERR T E SR AR R R — 1R T =
MR IEZ AR, BT TERRBREIFIRERSEHHE
AR IE S . RSO @ W IE 32 K B A TLAT 4544
RETERERHEIEXEENSHEER, HREAHER
#FRiA, B @ ok i — BN m ], B X
X 1 B IEARAL KB AR B H M S LGy . KRR R ATIEE
A REAE AR R R S TR M o ST 53 9 5388

A SCEh 6 B Fr 31 B0 B P 45 4 AR G S AL AR 43 AT KB
HRET MUt ESRES TR BEE., ZR8%
HRAHTEEBEETHA Givens EHEMHSHAERR
IEAE R B RFREA, HRAAERNRELBST ¥,
BB TREERTHRER, XERIEE RS B R R
HEEEM. Fot, hTEXHARELERESH S . FF
B SN R INLY R A, B DL 2 40 B RE B O 25 AR B RO B AT
RUR R 4L B o o 30, K T VR 53 B e R AL B R A SRR AL 1)
RE. FERCEERY b, MU 8 P 9 BFGS B S HLIE
THEETRSEHITET. BATABSR. BE ELEY
BEFTHIELREIET ARG EEENARUE.

2 FIAGivens TREBESHURTERLEMIES
SERE
Givens W EEI T EX T,

F] eer Q wev O eee 07
0 ¢ —s 0
G(psqs0p.0)=1 Pt : 9]
O e 5 v ¢ e O
Lo .- 0 o 0 o 1dxa

G(prqsp ) B nXn B RE, R (1) I c=cos(f,,, ) Fl 5
=sin(0,. HIEF p TN ¢ T 5E p FIME g FIPL R
B, B, Givens THIE R A IET THCE LT -

G =1 for k% p,q

Gu=c 2

Gp=s
He, 1<p<n, p<lg<n.

BRI E n B EEF Ci=n(r—1D/2 AFE, (p,
QWIEE n(n—1 /2 HEFIHEH R, BAR (b, AT LIME—T
SE n G — T . Givens 48 ¥ 48 PF 6978 FI L B2 34T
Givens Jig# , T G(p,q,0,.) x TnmE x E(p, O FHEH

BT BER: 6,0 0K
T FIA Givens THIEGESELEBRBOEAERE, A
I EH.
R EEN n BERER Q. JFE N=n(n—1)/2
A Givens BHIERE G(p,q,0,,,) TG
Qan=1<H<ﬂG(p’q56p,q) 3)
r<<gsn

X T BAERE SR E W BB IR AN FastICADY |
JADE® SR AMTBREMITTEREESH »° N2 H, € H

1 B EATSERETT IE n(n—1)/2 4 Givens 45 [ B4 k%
~EBRNE 2 AR a(n—1)/2, WA T E S8
BR. AMATRARNELEETER n(n—1D /2 MEM
e, Rl LIEE R R Bl T~ MHRAEREERZ Givens
I, F AR BRI AR, thoh, S X S5
frkFzEe, HTFSHESEN, RSBHA, HE TR
HWAK,

AT HERR, AXHE (o, QHFVHAIMFIT

(n—1,m),(n—2,n),(n—2,n—1),++,(1,mn),>,(1,3),
1,2

mE 1 BR, (p. @ WEETE B REXMN ALK LT, LA
T EE B L RIRFHES .

é\

G] (01 ):G(n_].’n’ﬁn*l,n) ’
GZ (02)=G(7l_29n96n*2‘n) ’

Gy (00)=G(1,2,6..2)

@(p,q) EMEE

- e (Ln)
- @2n-) 2m

“1,2)

@,
20

¢ t=n-]
—— =12

n=-2,1) (n-2,2) - e=2n-1) (n-2,n)| | +—— 2

(n-~L1) (1=1,2) - (n-1 (n-1n)
n)  (n2) - (n-Ln)

Al (p.oBUEEHR

THEZBHME#ERE G 6) Q<IN BV [ 4 Givens
AR AR XTI T (9, ) F T L HIIERE B4k

HE 1R B O—1,0DRE LT, 0—2,n—1),(n—2,
n) K 217 MR, (1,2), -, (Ln— 1), (L, ) R n—1
T WX T LA (pr ) MRTFTE 1<t<in—1G € Z7) , #15
HArF5 47,80

- t=!

’(‘;1)<z<‘(“2“>(1<t<n—1,xez+> )

HFE I, QNTE 17, BR

p=n—t (5)

q=n—[l—t(t—;-1—)]+l (6)
NEHE 1] UFRRAL:

N

Qo =11G8) o
H,

Gz(@z)ZG(p,q,ﬁp,q) ®

Kf, p0q MIE () —R(OFRE 0 =0y N=271,

3 REMBEZLZHMNERS EHE

BEARREHAE RS EERR LIFRRN.

X()=As () +&@) <))
HA,s(O=[58)y5:(8) 0,5, (DT s 1=1,2, 0+ ,m, 5 (1) B YR
(55, A B—NmXn BHBRGEE X (O BRRIESED
REHEES. T RER, ¥egRRks, AEEE m=n
HA Bvol#E,

e 70 o



[.4:hg=)

X()=As(t) ,m=n 10

AR W BERW A0,

s(2)=Wx () an

FEABENBRREARIGES X (0 HEEITHRES
A SRS EEREW,

AT AR SCEE X B (] G5 MRS B IR B TR0, LR AR
R B[] 51 » ) e (8] S0 7E A R s 3E T B o 7 22 T LA SR
HHABRES

B[] R 1 2 (o) B R FE B 7 ZEAE S 8 L

R.()=E{z(0)z(t—1)7} (12)
HAo,r BATEE,

R AD KAD W, FES R 25

R, (D)=WR,, (0OWT a3

Ho LR, (OEBWIEE xO M Eh T 2458, B THES
BEH M, BN E R (0 R— PN AEM. BaT L

DA S DA B AW R o (o)W (V- sk EAS BR800, W —
HR W I HERE, FIRD % B AR RSO 4 BB R

4 BTF Givens TIREBFHNREEHRESEERESE
EE

Xt F i [R5 4815 5 5 VR 2 B 1) AR, R [R) R B 3E 9 07 22 48
Bt B RY TEZNE R A SCRAS S
FER , JRIN b A 4o i SIE B 2 48 M R R X A ALY B
IR SR ATRERY . BRI, X AR AT K B 80X M AR SRR

AR HIRERE. —IHRANERFEREATEN
B,
off<1VD=§jm% (14)

HRADEHT M BEXTATENFEF .

FIRRADMEF, W2 S0 T 2T AT
feLxt k., 15 -

min I(0)~Z( Zr €Y} (15

1?5]

He,0 I N=n(n—1)/2 Mg AaERRISHE,0=[0,
az,u-,aN]T,r,-j<r)=<vAVR1,<r>x3/T>,~j ,W=llj[lGl(e,>,Gz<0,>ﬁa
A®FE K HR K IE,

TR A BIELR M T AR LAk RS, B itk 4= 3R
15 iy BEGS BikUSIsRkig .

BFGS B FEITE HARRBUMHEIE B 2 N

oI

£~ %0
ﬁ':':',g‘—’[gl s &2 v"'vgN:ITo

B,

(16)

K n
= =23 Er r XD ae<ny A

fHXADH ,Fj/\%;}ztﬂa(gﬁir))

Bpay,

S W, A W 7% B B o M RO 32 B
W=(BiBore BT (18)

A A A
ﬁFF’ vﬂiz[Wil YW 9""Win]o EUEH%
e 80

A A
Iri (D)) _IWR, (DW"),; _ IBR. (DB
0, o a6,

T
=%Ra (OB +BR.. (ﬂ%%f

0R (r>p,T+pR,I(r>(§g:’)T (19)
A d. =L g
(3

d; (k)=
CEACPITEN (QI)Ei’:]lﬁGz(ﬁz), k=1

2 (0 (20)
G 6y ]H&(& =

ﬁqﬂ,mel)[z,:]i%mc,(el)ﬂ@% i 7.
E ik, HErEBABER DB R(16) —RCOBE,
HFUUEES M HAREN S BEERNRRE.
T WRVERF UL, BB P T £ — B RR Pk
wER.
FI1

_H Gi(6)s 1<kKN

KEPMEE x(FAT O AL

B|2 HEERIRE

B3 BERIIR R 0 (ALK 6,=[0,0,--+,0]",
BAR 6 AT LUMRIELR MR R, MR Ho (B LR
PIAERE) , BRORATRE K (AU K=20), 315 g0,% £=0;

HH’4L B pe=—Hag;

BRS BHMH—BRERELK o, [0 +apd)=min
10, +ap:) s

HEE6 2 01 =60 t+apss

BB Fl gen | <, W 0 =041 s FS
0.,V =81 83

. T 1. w _ Hyve
FH®8 HEBE o ("’eH’*v"’)Z(vZuk vaHkvk)

W =0+ —

iy BFGS B IEARE

Hkavk Hk ukuk
T + +wka)k H
Vi Hka Vk u,

H,.,=H,—
&4,

BFGS B4 fi & Broyden W&l 41l 8 ¥ , £ Broyden %
WAL, EVIRER Hy IEE, WEBNERES (H, ) 5 &
EER, TRIFER H, (IEESE, BB R T B R TR
BEABEEWSUEED, ARCEENEE LT, Wik
HERF Ho BUANIERE, BARVIRE MR IEEH, AL BE
ERWSHBEABEMESGEE. A4, 8T BFGS Bk
BIHBEERER OGH , SHEEMITIER B, BREHE
1 HRERNITR R RN NFEREN 1/4,

5 BEXBRESH
AT RIEBE RN, A CRE SHALEEFSE

1 2 3
A:E 1 z}m‘?ﬁ
31

ESHTREGLE 3, RARFAAXEERUE S CRE
FEOHTHE /AT HERFSLE O,

A h=k+1,%%%E

RHEES GLE 2), B =l sy &



o SUNMINEEE. | S Hoxt BT i [ G5 A B 1R S AT 0 B, AR FE (L L 22 R

* °MWWW¢MNW%/ ] £ ICA B BFERERERKN.

N B R 52 T A B4R B — AN R B AR, T2 B T 3 3%

™ P SRR 1 4 35 B 0 LR e, B (1 B S A

ﬂ” TR AT LUR S i i A R SR ZIE . MR 5 AT IAE A
€ WWMWWMMM ‘ BSOS B AL RS SRS TR B A BRER

B .

S — H T B B 0 1 R L AR S L 3 RO
x ORI AR S S EHERAE 46 F O LU B B A A S TR B, U

o E— %3 BB s (0 54BES (O 28 KM% REE 0 -

HRAN

T
tgly,-(t)sj(t)

B2 3BEfES Py =p(3irs) = — e 2D
. — WEWy NREHOPNA)
= VWWMWMWW ] Rt T HBEA S oy | <1 oy | =1 RIS BESR
Lot FES—B, AAEFEIRME L E R 5 o | =0, WBLHT 5 A1
D r PR sy AHEIIE. LTI 40 B B vk E BRI I . A 6 R 2K
TR BRI AR 4 B 19 B AT B 9 BV — A TR AT
* VW’MWWWW ‘ 1 AR BT 0. B4 BRI,
e R W W W5 S 5ACEE B L 3 B 5 S 2 REAE RS
——— % 1 575,
5 WMWWNMMM - #1 WESSAERNBHOESZRHE RN
[} 00 200 #&& 400 500 600 BEE % h\f;:% 3
1% 0. 1553 0. 9393 0. 1904
B3 3HRAERS 2% —0.1068  0.2179  —0, 9683
. . KXRRDRUHES ' 3% —0.9768  0.1865 0. 0924
= IR #1R0,3 BRE S SR BHSE MG 3 BESH
B % R HOHI AR, T 4 36 R BCERE , A6 RBUEE BT 51 1
O e T H—ATEOEEET 1, KATEREET 0, REA TR
&5 T B4 BB B R A B S S i — T T
wWNWNW")W‘ﬂW ‘ MR
B T T A AJCH I S HE BSS Hik, 1 KernellCA #3017 JADE
i | B FastICA BHY 347 T ok, 3 LUARE R 300 % i
§°WMWWN~MWWW ] PERBIERR, IR 2 TF). Ko CCi(i=1,2, )RR i MEME
L B 5 HX R A9 B S AL B “Mean” RRAI X R A
R MHE., MR 2 AXEENELRROEL LTS
4 AXERBN 3 BAREE BEEET 1 ARSRRN.
Lo EHTARXRELRU MBI R RN #£2 ANBESRR BSEESEHENLE
o] @y + w #* oC1 ccz CC3 Mean
g S Cey 06 Ke:elICA 0.6703  0.7074  0.9861  0.7879
T sk . °E’°°'°fs°°°°;° ol JADE ~ —0.8704  —0.9406  0.9314 0.9141
HE FastICA —0. 7492 0. 9250 0. 8261 0. 8334
- Ieg— T " XK 0. 9393 —0.9683  —0.9768 0. 9587
X o oo °”°°oo°.°°° T . . - . N
£ 9o T e HRIE EMHESHESE RS EE, ICA REY
I BB —F A, £ ICA i, HAR R EEHFLES
. e B, TR S B I R R R E A 25 ). 7E MR
R LTI b ARSI Givens BEHUERES th T 4E AT IEZCAERERY
B SR RO TRA RN X AE K HUE T 4 3 B
MR R B EEA. Bt FEYTRME Givens BRI,
BS WESSFXHERSEHIRESHHMRRET EHEREREEREHER, EHETHERIERL, BTHT
A 2 5 4 TR t, 408 4 B ek T LU 3K (F#% 90 1)

081.



BRIE AT T — 4 X Ad hoc W% TCP/UDP
RAWH PLEREASIZE RS . ZRIEERE X HEMS UDP Ak
FWAFTRE ., HEZEREH, 7 Ad hoc ML, PIIR # &
BHPIERERET 0. 98B MIEEFMRIL. ETFREN
AQM =SS FERIE UDP ML i T B BRI, BB HE IR &
TRBAFI e RFTE BERRE BRSO TR & B0 S A R .

& £ X K

(1] koK, %R, 80, %, Ad hoc MKW RERITIREH SHE
EH B RMEMALT] BAFEM . 2013,24(4) :900-914

(2] BRo, 5% BT TCPRLEZEARM AQM B[] 3
5RiF,2011,28(7);956-962

(3] TE¥:.ZEmes, ™5, % B8/ et EIE S RERSM ES
SIS MBS ISTE-PIL]]. i+ B HL#H#H . 2012,35(5):951-963

[4] e, /S0, BEORB. JCER 3RS T 2 LAt AR A9 £ 3hEAF
BEHENH]. BF5EB %M, 2013,35(5):1069-1075

(5] &, T4, BmW4,%. UDP i &%t TCP 4K 3R 8 1
[J]. sEAE24 . 2013,34(1) ; 19-29

067 ZE/NES, FEHTIN. AR BAS & AL %t £ 45 A 4% 0 & B A B i
03, HEHLRIR, 2009,29(12) : 24-26

(7] #BT. 8k, 8EE, % 2T EHEERSREN EHHE
BHICl/®E+EPE(KE) 2005IT. M. FEEAR. &

F SR BFERSUGEXE. KB P EB T¥4,2005:
179-186

[8] Xu Kai-xin, Mario G, Qi Lan-tao, et al. TCP Unfairness in Ad
hoc Wireless Networks and a Neighborhood RED Solution[ ] ].
Wireless Networks,2005,11(4);383-399

[9] Huang Ying-song, Mao Shi-wen, Scott M, A Control Theoretic
Approach to Rate Control for Streaming Videos[ J]. IEEE tran-
sactinos on multimedia, 2009,11(6).:1072-1081

{10] Hu Wu-hua, Xiao Gao-xi. Comments on A Control-Theoretic
Approach to Rate Control for Streaming Videos [ DB/OL .
[2013-12]. https://docs. google. com/file/d/0B28hHvefCxgUb
21XVTNjaW16T2M/edit? usp=sharing&.pli=1

[11] Ke Chin-heng, Shieh Ce-kuen, Hwang Wen-shyang, et al. An E-
valuation Framework for More Realistic Simulations of MPEG
Video Transmission[]]. Journal of Information Science and En-
gineering, 2008,24(2) ; 425-440

[12] Santos C, Ribeiro E, Pedroso C. The application of neural net-
works toimprove the quality of Experience of video transmission
over IP networks[ J]. Engineering Applications of Artificial In-
telligence, 2014,27(1) :137-147

[13] 332, Rk, 2. TR S MHAER RS IR S BT8R EE
B ERE T REER: ARPEAE,2014,28(3):116-121

(L% 81 1)

YEBLRAH T Givens FHIE B FIEHWAE SR, X TEAX
EE X iR BT R S5 ¥ 15 5 B IR 4 B (a1 R, BT LA LN 2 A0 B SE T
ZHEE NG IR AR BAR R ME T M EHER T
A AL IR, B T4 1 H 89 BFGS Bk dHZJE Lkt
LIRRALR R B A AW SGE BE , HU ST, Bt A 3
B J5 F F BFGS B0k SR AR AL B B, f4 31 th BES% i A B
28, BEELESETREFESHNAEIREIET AR
H 4 BB A R .

2 £ XMW

[1] Koldovsky Z, Tichavsky P. Time-domain blind separation of au-
dio sources on the basis of a complete ICA decomposition of an
observation space [J]. Audio, Speech,and Language Processing,
IEEE Transactions on,2011,19(2) ;406

[2] Gao Jing-bo, Zhu Xu, Lin Hai, et al. Independent component a-
nalysis based semi-blind 1/Q imbalance compensation for MIMO
OFDM systems []]. IEEE Transactions on Wireless Communi-
cations,2010,9(3):914

[3] Gao Jing-bo,Zhu Xu,Nandi A K. Independent component analy-
sis for multiple-input multiple-output wireless communication
systems [J7. Signal Processing,2011,91(4) ;607

[4] Kleinsteuber M, Shen H. Blind source separation with compres-
sively sensed linear mixtures [ J]. Signal Processing Letters,
1EEE, 2012,19(2).107

[5] Xie Sheng-li, Yang Liu, Yang Jun-mei, et al, Time-frequency ap-
proach to underdetermined blind source separation [ J]. IEEE
Transactions on Neural Networks and Learning Systems, 2012,
23(2):306

[6] TongL, SoonVC, Huang Yih-fang, etal. AMUSE: A new blind

-90.

identification algorithm [ C] // Circuits and Systems. New Or-
leans, LA IEEE,1990.1784-1787

[7] Belouchrani A, Abed-Meraim K, Cardoso J F, et al. A blind
source separation technique using second-order statistics [J .
IEEE Transactions on Signal Processing,1997,45(2):434

[8] Rutledge D N,Jouan-Rimbaud Bouveresse D. Independent Com-
ponents Analysis with the JADE algorithm [J]. TrAC Trends in
Analytical Chemistry,2013,50:22

[9] Wang Jian-gong,Shen Yue-hong,Li Hui,et al. A Separation Al-
gorithm for Sources with Temporal Structure Only Using Sec-
ond-order Statistics [J]. Radioengineering,2013,22(3):861

[10] B . FEF. MASEERTBERESHEEN ICA FEW
(1. A3hE3R . 2008,34(1) .31

[11] Watkins D S. Fundamentals of Matrix Computations(Second E-
dition)[M]. New York:John Wiley & Sons,2002:192-194

[12] Langlois D, Chartier S, Gosselin D. An introduction to indepen-
dent component analysis: InfoMax and FastICA algorithm []].
Tutorials in Quantitative Methods for Psychology, 2010,6(1);
31

(13] #a% . HHK B % ETEFREBELNE RS g5
% [J]. HEHL TR, 2012,38(11):170

[147 Hyvarinen A. Independence Component AnalysisfM]. New
York; John Wiley & Sons,2001;342-344

(15] fEFTRR, Bhfd, ARATEK. Bt i 7 3 (BITRRO [MD. K. REK
W RRH, 2004,114-123

[16] Falie D, David L. Correlation coefficient based on independent
component analysis[C] /2012 9th International Conference on
Communications (COMM), IEEE, 2012.:59-62

{17] Bach F R, Jordan M 1, Kernel independent component analysis
[J7. The Journal of Machine Learning Research,2003,3:1



