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Blind recognition of real orthogonal STBC
based on independent component analysis

ZHAO Zhi-jin*?, CHEN Lin', WANG Hai-quan®, SHEN Lei*
(1.School of Communication Engineering, Hangzhou Dianzi U iversity, Hangzhou 310018, China;
2. State Key Lab of I nformation Control Technology in Communication System of N0.36 Research Institute,

China Electronic Technology Corporation, Jiaxing 314001, China)

Abstract: A method for blind recognition of orthogonal space-time block coding (OSTBC) based on independent com-
ponent analysis (ICA) was proposed. Firstly, the model of received signal was given. And then independent component
analysis technology was used to separate the virtual channel matrix which contains coding matrix information. Using the
characteristics of coding matrix, it was proved that the correlation matrix of the virtual channel matrix in OSTBC com-
munication systems was diagonal matrix. Finally, two characteristic parameters were proposed: sparsity and variance,
which could recognize OSTBC. Simulation results demonstrated that the proposed method is able to identify OSTBC

while achieves good performance.

Key words: MIMO systems; orthogona space-time block coding; blind recognition; virtual channel matrix

1 (4 MIMO
MIMO

2007 Shi M BAR-NESS Y 2
STC BLAST
STC  BLAST

2011-07-05 2012-02-29
60872092
Foundation Item: The National Natural Science Foundation of China (60872092)



.2 33
2 (8]
(3
2008 YOUNG M D HEALTHR PXXT =1 =12 N
Alamouti i oy . o (2)
i FX X0+ X X =001
Alamouti ! !
2008  Vincent Chogueuse (48] I, n. " ng
STBC k Y (k)
Y (k) =GC(k) +V (k) (€)
Frobenius
4 u éb u k
Frobenius Sh“ o a a eyl( : 3
_éh21 hznT a_ ebz u eyz( ) U
=€ =220 Y(k) =
. . . é | y Uy u e Iha
2010 Vincent Choqueuse Mélanie Marazin e u é G
9 3 STBC g h.f§ &, 4 &Y, (g
SOS, second-order sta- 6 év,(k) u
.. e U
tistic CP, code parameter
bt V(k)_? () g G n,n
e | “
e
[4~6] (k)g
bm =[h,Lh, T (M=12L,n,) n,
Y (k) n. L Y (K)
L m k
V() n L
S Vi, (K) L
1 3
|CA ym(k)zbmc(k)+vm(k)
N
=b,a X;5,(K) +v, (k)
i=1
=387 ()0, +v_(k) (4)
&, X,
% x U
o,=€""?u o N' L
é )
2 é u
. X, 0
n, N, 4
\ . Yo (K) = O S (k) +v, (k) (5)
300 =[5,(K),5, (), L3, ()] N gr(ol skl aiton 8 Qo4
K eyz(k)u eOTS(k)u eV ;K)a_&0; ) &, (k)
K é M u—é M u+e M U_éM L,JS( )+éM u
S(k) L e ' e ae ' ae a &' q
n L c(k c(k) . (Of &SWf & (Of &L H  &. (Y
(6)
=8 Xs,K) W °
= S
a1 Yo(k) =07S(k) +Vi(k) = HS(K) +Vi(k)  (7)
X, i s (k) n L 0=[0,,0,,L.,0, ] H=0"



11
n.L" N Sk) N N° N q=N
(NOSTBC) A
3 q>N d, =N
3.1 A
A A ?
A=H'H=00" 0 ?
N T 7 q
é,X, b,X, Lb, X, U X, bX, Lb X 0
A ua u
Anglxz bzxz LbnRXZ L:nglxz bzxz LbnRX2 L:J g=g q= N
a N ca N o '
e Jé . g=9
@IXN bZXN KbnRXNH@IXN bZXN KbnRXNH q>N 2
8
N ®) A 2N’ 2N
Ai =b1XiXin1T "'th)(i)(inzT +L+bnRXiXinrTR A D
2 A
A, =bb +b,b] +L +b, b @ DP>0 ? i
A
A (i, J)
A, =b XX b/ +b, XX by +L+b X X b/ A
? D
A A =(A) =bX X'k + !
T T T T 33
b, X, X/'b, +L+b X, X'b 2 ;
=-b X XTh’ bRxbeTRl_ b X XTh' = AR : !
Aj_-li I T T A T T T M N jnR_-Aj Y%(k) %(k)
] FASTICA  [o% H
A; =0 (10) A
9 10 ICA
&y o}
A= (o] +bb] +L+b, b7 )1, =ca [b,| =1, (1) DSICA
Eem= %)
' 1) FASTICA
A N° N 5
2) H A A=H"H
=1  A=0bb)I, =[pb[1, (12 3) n, =2
2 ? )
3.2 0 B
A A d) i q
0 - 0 - o
¢ a=|Af=&laf o A 9=Bl=af[ o B
i,j ’
6) g=N
g>N N

A=(@0,0])1,

m=1



D-ICA 1) A
3) 2
A
A
s, (k)
5, (K7 {-1 3 )
1000 L=N=4 SNR=0dB
1) n, =4
n=1 =2 ne [ () ]
és s, -S,U (t=56,L,30)
é ua
é 5, S, S, a 1
é- S, s S S, u POD
e U
CEN s S, St PND
é s, , -S, -SU 3 1500
é ua
ész 3 54 U
§S3 S, - Szg t ?
834 =S, S, a POD PND
t=5 P,  100%
A 1 2 1
PND gz - %
A A

630.569 1 - 0.506 7
&05067 29.9989
€ 02263 -03723
614978 06550

€30.8392  0.3310
g 0.3310 30.4584
606614 0.2703

g 0.7853 - 0.7554

- 0.6614

02263 -1.497810
- 03723
29.8941 070570

u
0.655 OL]

0.7057  29.537 Qa

0.7853 1)
0.2703 - 0.755 43

30.3270 - 0.0888U0
00888 295754

87895 1.3533
§ 13533 31.056 6
€7.3138 -2.0280
631636 -1.3136

6307348 1.9415
21.9415 30.1225

614580 -1.7593
§08610 22053

-7.3138 -3.1636U
- 20280 -13136y
30.409 4 - 2.266 3U
-22663 295151

-1.4580 - 0.8610 U
-1.7593
29.2791  0.6580U

06580 20.818 7

u
2.205 30

A

(;940.557 2 0.3766
0.3766  39.9744
0.0147 1.6558
8 0.4304 -0.0477

> (D> (D> (D!

€35.0483 -11796
g- 11796 34.970 6
608304 07818

SNR=5dB
A
-0.0147 -0.43040
16558 - 00477
40.170 7 0.6250U

0.6250  39.449 96

-08304 -12195Q

07818 - 03830y
34518 2 - 0.804 70

81.219 5 -03830 -0.8047 34913 Oa

§53.3838 - 29486
A 2.9486 41.8764
6.8585 6.3582
0.6519 1.3846

:

@XD> (> (D

€36.756 2 - 1.216 8
1.216 8 35.760 4
25448 -45481

@XD> (D> D), D:

- 45481
336259 -1.02370
23932 53259 -10237 34.400 9§

-6.8585 0.6519U

6.3582 1.384 63

395942 0.5691U
05691 21.4551(

25448 -239320
a
5.325 90




11

TH

FifiE St

—A— 4 0STRC

[—F—(4.4),058TRC

B— (3.4, 08TRC

[ —e— (24,08 'RC
|| = <= (4.2 NOSTIC

- =3 (4, 4) NOK TR

L =B (34),NOSTHC

==@-- 24 NOSTBC

20 i an

{ =1

043
4,92 —E— ) 2LONTBC
—— (i ) OSTBO
091 b —E— (3 41 O8THC
—6— (2 45,081'BC
(190 i L N -
5 10 |5 20 25 30
=1
2 ?

| .0

oyt

08t

07

i

03

04

03

02 —&— (4. 0) NOSTBC
—H— {4, 4 NOSTRC

o1 —E— {3 4)NOSTBC
—o— (24 NOSTRC

( L L 1

5

gl

9=

20
(=11

23 30

(n:.ng)

gl

9, =

1 500 ? 4
4 q=4
? 6~13
1~ 4
?
(n;,ng)

B -

= Ut _0_{;__3--9--9—-‘
o e e S -
S - Y[ 14 2).08TBC =13
| & 0 —e— (4 ) OSTBC = 1/5
g 4l 5® 5 (3.4),08TBC +=1/5
& o —8—(2.4) OSTRC ;=15

ng” S {4 2 NOSTRC p=1130

==H-- (A)NOSTRC =140

3 --8-- (34) NOSTBC 3=1/30)

--@-- (24} NOSTBC »=1/30

4
"_‘T {i I; i}
SNRidB
4 ? 2
3)
(nr.ng)
D 200 5
5 -5dB  10dB
D
SNR
D D
D
D
4)
D, =038 D>D,
9=¢,=5. DsD,  g=g=;
(n;.ng) DSICA
6 7
1 500
6 SNR> 6dB DSICA

100%




HHRIHBINEE

—A— (2O TR
—— (4.4),08TRC
—g— (340818
—8— (24),081BC

¢

By —A—(4.2),NOSTBC
- —— (4 4)NOS TBC
o07e —B— (3 NOSTRE
B —e— (ZHNOSTHC
0.6 1 1
-5 0 5 )
SNRUB
(BN FiatitEd

bl

—

BRI

—&— (4 ) NOSTRC
—H— 4 ) NOSTRC
—B—(34)NOSTRE
—6—(241.NO5 | BC

SNRAB
(b 15 LI R

.6 33
DSICA 4 4 SNR=> 3dB DSICA
3 4 98%
45
A0y ‘9*--*"*-'*-‘*"*-*;_*.*—*‘*—ﬁ- DS‘ICA
ﬁu_.*--sﬁ--*‘ —A—(4.2) O8TBC 2 4 4 2
: ——= (4, 08T RC
ol —a— (3 081BC 0dB DSICA
. —o— (2. 08TBC
e - +A-- (4 2} NOSTRC
8~ - %~ (4.4 NOSTBC
20 ~H-- (3 NOSTBC
= ~-@=+ (24} NOSTBC [4]
4]
2 M (nny)
és, -s,U
c(=a" 2
2 S1 u
-s;U
<
S
H
ik D-ICA DSICA
=
=05 —a— (4.2) 0STRC 2
o e (4408 TRC
=3 —8— (34,08 TBU 8 1500
ke —e— (24),05 TR
AR s 3
-5 0 _ 3 16
SNRAB
010 v o i 3 3

Dt —6— (3.4). LM
& —B—1(2.4). 5k 4)
03 —— (3)D-ICA
—B—(24).1:1CA
03 —H—(3.4).DS-1CA
—&— (2.4).DS-ICA
a1 i A )
-5 0 3 16
SNRAIB
8 2
(n;,ng) (2,4) SNR > 2dB
3
100% SNR< 2dB DSICA
[4] D-ICA (n;,ng)
(3,4 DSICA SNR< -3dB
D-ICA
[4] SNR > - 3dB [4]
D-ICA
DSICA



11

[4] D-ICA
5
ICA
2
DS-ICA
SNR=> 6dB
100%
3 4 4
4 SNR= 3dB
98% 2
(1 ' ) . [M].
, 2011.

(2

(3

(4

(5

(el

WANG H Q, CHEN Y, ZHAO Z J. Space-time Codes Technology for
Multiple Antennas System[M]. Beijing: Science Press, 2011.

SHI M, BAR-NESS Y, SU W. STC and BLAST MIMO modulation
recognition[A]. IEEE Global Telecommunications Conference[C].
Washington, DC, USA, 2007.3034-3039.

YOUNG M D, HEALTH R, EVANS B L. Using higher order cyclos-
tationarity to identify space-time block codes/A]. |EEE Global Tele-
communications Conference[C]. New Orleans, Louisiana, USA,
2008.3370-3374.

CHOQUEUSE V, YAO K, COLLIN L, et al. Hierarchical space-time
block code recognition using correlation matrices[J]. |[EEE Trans on
Wireless Communications, 2008, 7(9):3526-3534.

CHOQUEUSE V, YAO K, COLLIN L, et al. Blind recognition of
linear space time block codes[A]. ICASSP'2008[C]. Las Vegas, Ne-
vada, USA, 2008.2833-2836.

CHOQUEUSE V, YAO K, COLLIN L, et al. Blind recognition of
linear space time block codes: a likelihood-based approach[J]. IEEE
Trans on Signal Processing, 2010,58(3): 1290-1299.

LIU J, ISERTE A P, LANGNAS M A. Blind separation of OSTBC

(8l

(10

signals using ICA neural networks[A]. | EEE I nternational Symposium
on Signal Processing and Information Technology[C]. Darmstadt,
Germany, 2003.502-505.

JAFARKHANI H. Space Time Coding: Theory and Practice[M].
Cambridge: Cambridge U niversity Press, 2005.

HYVARINEN A, OJA E. Independent component analysis algorithms
and application[J]. Neural Networks, 2000, 13(415): 411-430.
HYVARINEN A. Fast and robust fixed-point algorithms for indepen-

dent component analysis[J]. | EEE Transactions on Neura Networks,

1999, 10(3): 626-634.

1959

1987-

1964-

1979



