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A Consideration on ML Blind Signal Estimation based on Finite—Alphabet
Characteristic in QPSK Modulation
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Abstract : In this paper, a performance comparison between two blind signal estimation algorithms in a LTI
channel is considered. The two algorithms, Iterative Least-Squares with Projection (ILSP) and a medified ILSP,
are based on the finite-alphabet property of input symbols. This case typically arises in a multiple access
system with a sensor array antenna at the receiving end.

We start with the formulation of a maximum-likelihood (ML) estimation problem under an additive white
Gaussian noise assumption. A blind ML estimator is derived with its iterative algorithm for calculation. Then
we narrow down the consideration of this problem to QPSK case so that a modified algorithm is proposed for
7/4-QPSK case.

The modified version is compared with the original ILSP algorithm in terms of the rate of the convergence
to global minima. A computer simulation shows that the modified algorithm gives a better performance. This
result implies that the performance of the blind separation algorithms may be greatly improved by adopting a
smart coding scheme with rich structure.

Keywords : Blind Signal Estimation, Finite-Alphabet, Maximum-Likelthood, Sensor Array, QPSK

1.ME 2 07 4 FANE )& HEHL A HY
HAE FHEA Ad 9 22 AW HYA2HeN AR gl Ades WEYSH wHE dolH
' A28 BAdol Add =y wzlste A9t diy AEE 53§ 225 7MY EH2E 484 HEe
o2 Rt Fug 45 FHE 6 A&Hem g Fgol MAE A4 ZFdoHZRYH J5E 4
FYdgl A5E FF A9 P YA god 4F A olEd 72 HEE HE oo wWEY2d Ag
o ES Rd F4= £44 @iV BE oF F gorHd o HE A4 dd o W 10 7t EAse

o wet w2 FASA dsta] GEo] s £ TN U It FolxE A ohd oW ¥
A Fol Dol doluAu dlgrt RAEA Do) Bl ofuiaie]l EAsE M 2fel EAFREA 2

olglg A dg Moz AEE FAH87] B g2 aEo] FEAY A 1EFFY 43 HE Fob ¥
v g 2Edag 53 £A43%3 AFAFE vz 33 T UE D wye] EAste A d& a1 F37]
# i ojgwt Bele AE 74 iyl B8] @ Hel Aol Butd 4 AU
ol A7 ATHIL2LIBL of B¢ AxFHE 98 FAgoN galxle F&el 7b9-ARHGaussian)o]
o oln] %y Ye YHMEY FRHY EHRL ojf 2 AFAF7 Determinstic®t Z¢ole B AH
A Hed dEAY Aol cyclo-stationarityrt Maximum-likelihood (ML) 374 7]} o] AH&=HT. o
higher-order statistics$3% & 4lZ o] B3¢ Aa ML X zto] 9§ a8 7 dndde & 95
£ ol &dhe AR 8 Subg Birelut AE Y w Talwar E[1]e] BPSK2] %o dis] AAsn e
i 2EY Ao A 7YL olgde uh1le] o) o B =ZoAE JgEsl QPSKS} %-QPSK%_] A
N-to-1 5413 2& dEH4 Aade 2% NAY o st AAE duFa Q2o FHE ¢
B9 $AVIEREl] £alFe 4B KEE 28 Hg¥ dapo] tita, sie g YA FHUE
2o I deM HAsEE B FATdME £4 W@k B w=Foide WA gy Aed dis &
B Qa7 AAHE 5L ol&ad 2AIE 7o) q 2udEg AN F of duFd 2AF &4
28" 4 A o] W FaZgAE A ojyolg lgz Agdgold A%E FEEHY BHAA vz

- 685 -



3ta] BeojEoh
LR E- Jp-X-

129 43

Nxge g8e 5D, k=1,2,...., dz, 293 3
ed5E a4z z(0, wlD, j=1,2,...., Mg}z 7}
Ak, 29A E8¥dE z(He

2()= 23 asd+ w(d o

2 EAE F Ak AN ae kdA 4o U
Azl o5 g Yrehlle Mx1 e elr}

o] 28L& N AEHYY 54 vojy mEld2z ¥
Al o] Ao A A2 &Y A2

Z=AS+W (2)
o o] BEANE # 3 vWE"HA Z, A S, We 147
dxN, dxM, MxN, dxN¢| =27}& 7}Ach. 714 73
A e AL ZAH Z2REH SE AU A
o]},
A2 ved 2de] FE5 A2de 485 A
Eol 2% FUgH v B¢+E HHAt a9
B 43U A+ viEr] Az JFA N o)
Rde fESC 2 olgF 49nd gg g
w4 gEdoM HEYEHE JBEL HyNog v
1Y A7 dREeln o8 ¢ty YwHeg 3
A& F(oversampling)ste] FAdlo)g WEY2E 7
AA3A =9 atetA o] MEdH2E Fa3(E AIG-F
L AHRE VM gerr €k FE5E FAY A0
hste} o] A& 928 EH: $YAE
r=Ax ®)

2 EANFE fullcoumn-rank WEZ2¢ A& B&
Toeplitzz} Hil X o § FzHrow space)e A 2| #
23 2A ¥d. =8 fullrow-rank EY XS X
€ EE-Hankel 728 27 sz g2}y 49 @ 7
Zr(column space)= I'9) @ 33} 25 W) 47
A &A doly sEY2 I o d& 88 7x8
#§3t1 subspace 578 A &3P F F& EHS
€ #7823 AQs 24 fd2] gy AFR
H 9 #fdde 42)9 gL ol &3rly @t

"4 FEAE w(de AL Feolnt dud
7t

E( w(® w'(9}=cT18(t—5 @
E F9a A = I+ FHEF 3vE AR
£ @ 9(identity) jEH2E Ve

4714 £ Q doly wE=-2Q ZE A ¥4
D Z=[2() z(2) ..... z(M]2  BAHA
o] 3¢ &3 velel iEY 2 #F YE F5E

- 686 -

r.(Z1 A,8)=
~ MN_— 2MN L & : 2
= ¥Ng exp[—'-d—z §1” z{n)— As ()| ] )

7 o] FolAJ Hz2g So ML 4@ Be
( A,B)=argmin , ¢.,ll Z-ASI% ®)

o e Fae HL A%(Least Squares) EAE @
. A T Fe 42 87 7 4 e 2E
gel  AgEiEds  FWHI} Z24dLs
(Frobenius norm)& JEldt

46y A4 ¥y A, SE 474 o A7H
(8)& w&Fatcjol gt

dr

A= zsT( ssH! )
B=argmax .|| ZP4|i% (8)

of 7|4,
P,= sT( ssNH"'s ©)

ojm A@NH ZPst Z& S9| row subspaced] 3
%9 (row projection)3t& @2te] @rh

2. 33 ¢19F

gl 4¥E & Pl A% F A 2R @
&g, & ILSPsh NSEZF &84 [ AAH o
. o] F iAo dxeEe Bed] Fd 495
AD 9 F AL FIE GAA ot Zo) &
Eate A4sA "o

BrE 2o H 4L X} 4 WM ((LSP; lterative Leasi-Squares with

Projection

1) 271% AE 4983 k=02 B}
D k=k+1;
7H Sc= (Ar1A_ ) AL Z

(th 8, = proj 15,]

(h) Ay = Z8; (SiS1) !
3) 2)8¢ (A, Si) = (Ai_1,Si1)°] 8 d7x @
3o

(hel $9e #3 Yo Fez 2QSE 2
depie) Geel 29 18 o) ueEE =4S
EA® RelTh

A7ME T-QPSK Az Aol e thgH 2
& 2uARE Agstel QPSKS Fol U@ 4719
TnAFHe AgAold 2HE Madh

Y



WA A A FFE Q405,05 e o] Ao

2 =,

1 . . ) .
Q= —={14+4,1—41, =14j1, -1 —j11,
4 \/5{ 1,1 —j +3 i}

Q= {1,—1,5,~j},
e=Q,UQp
agn od dE"H2 HAF Yy (@)E 2 dY¥ES
o daEe] 2R Q9 Qo sRE mWse T
Eold 4 gt BE dxX N z79 slEgdre A%
olgtx 7tAEA 2:W A(2)E A 29

Z=AS+W

=A2U+W (10

% of o
[Py 0 .. ()}
{0 pp ... O}

So= .2 A pe (M ol
iLO 0 .. pdj

Aol gle 7HAS Fee A AQdMe A,S
ol g 2YEAE 2F A10)dME AP, Ud s
min| | Z—ASU) |}

e FA7 €. @by o] A% & (A,S)e

= ZoUT(UUT) !,

=40

BEA Ak s Wl o] o

,U) = argmax| | ZP,| |5 ,

v=UT(SUUT)'U ojr}.

AL AN uIYEL TgH Po| EAE $
k.

WO e @ >

AP ISP Az

1) 2718 A A9z k=02 Zo.
) k=k+1;
b Si= (AL 1A 1) 'AL L Z
(4h) Sy = projs (5]
() S,2%H Py e FHT
() Si= proj [S;]
(7h) S, = &S,
(mh) Ay = ZS; (S:8;)"
3) %3¢ (AL Sy) = (Ar_1,S,1)ol & wWzkx
X3

FudFd (he % e Foaoze wYg
Yehie (el A4 BB ol Uzggos

=dste Qg vehdh o YuUEe =4
ENE ohg 192s ol vEY 4 A

SEARCHFOR S
EouATOy ¢ 7,

it

g 1. ILSP ¢ 1g

o i

T AR e TN\

Iy 2. 39 ISP ¢xd&

Y3 2u2Ee THL pasht AAZ ofF H-&

Wol HA ¥t 2 olfE o dmUF o
A9 3 (global solution)dl] W& +FFF7t 271g
AAe) mel 2etAy] gEolth. mety R
21 37} local minima/maximag2 £33} AL
4 gtk obgy ZEASZ T4 HAHI} A
S AHS]

LR NG = N

n. &8 54 vlu

A AEE F guFe A viadrs] A
Pz A 4x30 QPSK Holg] MEZH2 g
F duFe 2FE 10039 o FPsHT. AE
golddlAe HAE #3td FESe EFANIA ¥R

- 687 -



oo Hng A% WPoze 2YE FH2 YL o
Efss APE 49 WEH29 F A norm
error)& A3t S vlwstgoh

o] A=} o7} k2 129 3o JehiA e 1
HolA 71&e] QPSKel th ILSPel 3¢ F&3] A

5§ #e 397 38 A== dehiz gley T

-QPSKe] 790 U@ £FE ISP & 7ol
= 1238 A2 29 UL 548 Jehixz gl 9
Az vy 4A ALIAd Rl g e
718 AMaEl dE 238 = Ut

1) g A5 3¢9 F29 Aozt BHPA= AF
ZAo] ojA o= Axe ENANE JIAE 7}

& Aot T-QPSKE YwrxQ) QPSKEG 723

oz o AFFHeAL FA AzAY #BHAME o
AgHY &AL /HAR Ao wA e AFx A
2 B AsA dodA BAUE JdsHey 3
He BgAoz $8Y + de Z4E 71 U3
drs) & Badde FRIvn 4dq.

(2) 2”AA F 7R 714e] A3 N E Re I
47t Mz dzge 53 Utk oAl A A 3
A9 J1gee Fgkd FARAT FHE 71PN
T A =¢3x 2ee B £ ded 1 of/E
+4 AfAoz @& AYd(local minima)7t A3}
7l EYLE ¢ & AAL AR ol A9 Ao
§ Bzxxoz P ¥&¥ ¢nAFE FA4HE AAY
Ao wd 1o Y& 548 Ygd £ UE AL
2 e :

(] 3 0 3 a0 0 ] 1 ) » 100

oy 3. gnF AEHA ZAH wu®* #4349 ¢
1Z, o 712 FuF)

v. g8

B eRdAe d¥AxdeA 934587 £8 @
shg Fztoll EASte Aol s zadIG olH@
AzgoilAe A5HP71Ye itz go] d7HD 3
% g9 B ZRE ol4F A= JIAE
o] st PNz Y Je) wWE Vi
27149 ARt AEFH GudF S4d oW 93
¢ "lHe 7to) i3 QPSK NE 9 Ffel P AE &
o wxsdch

HAFEH Aol F3d ¥ o 3714 HREe
2R E] B4 TR 49T AL ¢ F A
Qoo mbA BEl= AT Y)Y BN 24 7L
% ALE FE9) X YE 249 ¥ A
47 e FEY ¥art ddn dddn

#aney

[1] S. Talwar, M. Viberg, and A. Paulraj "Blind
Separation of Synchronous Co-Channel Digital
Signals Using an Antenna Array - Part L
Algorithms," IEEE Trans. on Signal Processing, vol.
4, no. 5, pp. 1184-1197, 199%.

[2] AlleJan van der Veen, Shilpa Talwar, and
Arogyaswami Paulraj, "A Subspace Approach to
Blind Space-Time Signal Processing for Wireless
Communication Systems," IEEE Trans. on Signal
Processing, vol. 45, no. 1, pp. 173-190, 1997.

[3] S. Haykin, Editor, Blind Deconvolution, Prentice
Hall, New Jersey, 1994.

{4] S. Kwon and D. R. Fuhrmann, "Identifiability

Problem in Blind Separation of Synchronous

BPSK Signals in Digital Wireless

Communication," Proceedings of the 35th Annual

Allerton Conference, pp. 291-300, 1997.

A& 9, "7 92 43 o gdte B

= AzAoAe a4y =4, A153 J5A

JE8&ud =83, Voli5, nol, pp.222, 2002.

[5

—

- 688 -



