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## 447 02511 21 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: SMART ANTENNA / BEAMFORMING / GENERALIZED SIDELOBE
CANCELLER / DECORRELATION

JIRAWAT TACHEWICHAN: MODIFICATION OF GENERALIZED SIDELOBE
CANCELLER USING DECORRELATION TECHNIQUE. THESIS ADVISOR:
ASSOC. PROF. SOMCHAI JITAPUNKUL, 80 pp. ISBN: 974-17-6976-8

In this thesis, we investigated the effect of signal correlation on the performance
of the Generalized Sidelobe Canceller (GSC) using minimize power. The analysis yields
an explicit expression for the Signal-to-Interference-plus-Noise Ratio (SINR) at the
output of GSC in terms of the effect on different parameters, including the Interference-
to-Noise Ratio (INR), the Signal-to-Noise Ratio (SIR), the spatial correlation, and the
correlation between the desired and interfering signal. It can provide us insight of how
the correlation between the desired signal and the interference can severely degrade
the performance of the GSC system. Furthermore, this thesis modified the method to find
the optimum weight of the GSC in the presence of correlated interference by using

decorrelation technigue.

The computer simulations were implemented using MATLAB. The obtained
results confirmed that the use of decorrelation technique in place of minimize power

criteria can overcome correlation problem.

Department __Electrical Engineering Student’s signature

Field of study_ Electrical Engineering Advisor’s signature

Academic year 2004
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M A8 LHAINTANAUAUSTZUINUNAIN1LIA (Source Correlation

Matrix)
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R Af  WAINGaNdNALS (Correlation Matrix)
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A 1 a
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Tuadetiaznanafawuudnaesdtyoyins (signal model) #iugiuildlunig
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1
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m; (t)e’*" " (2.1)
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W lusruudagnsuuulFanasanuanalumniaem 2.1

F1979N 2.1 Aaridunegianidadennuysig < wssundeaisuuyl¥any [10]

7T Heritunasanimadan

FDMA m; (t) = Aejui 0

TDMA m; (£) = 2 U (n)5(t - nA)
n

CDMA m; (t) = u; (O g(t)

6o

Tnevinldudailaridune giamdstauinaziiuaiseauiunIaInnszLaunIg

] dld i all [ e i . I o
g3 (random process) nieLaae (mean) tiudue wazAIRHLLTLIU (variance) Wi
n
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AINANNTTN (2.1) WAZANNIIN  (2.3)  L$IE NI L UL LRI ARIN
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b(
=De

j27f(t+7(0)) (2.4)

m (t+7,(0))e
dl a 'S % ?:/ a o 1 o ° P4
iaANazAINTuNIIAIYITLLLAYTIW IS AN o dnaziuua i

Frynraluszuudludyonunuuall (narrow-band signal) kazuan ldannIuuAilay
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pavINa NI @e W lugtnaan sy

N
y(t) =D wi x () (2.6)
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waza s InIsuannisn (2.6) Wag lugiwssnd lfdsannnssialy
(2.7)

y(t) =w"x(t)

Xy (O] uaz w=[w, w, wy I’

e () =[x (1) % (0)
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niuua lidautsznay (components) 289 x(t) Nndaulsznavdiassiuy
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v 1 v v
NLAASINNUNTIN W 1318 NN AINNANIURALIRIN T LUN1 TR LA sasa T
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=wHRw

(2.8)

Tned R = E[xOx"(1)]
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2.2.2 Linearly Constraint Minimum Power
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FaINT19tuAaAARaITURaU L9 L AN NIeFaInIg ﬁwn'uium@ﬂmmmu LCMP 11l
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0D

Frutunounsiaanisly 3ﬁmwu\1ﬂf’ﬁ‘lummﬂﬁmmmmmmmﬁ

o

dl v o zd
L\‘i’ﬂl&i‘ﬂ JALRABRIA LK
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1%

aNTasa (Method of Lagrange multipliers) [6] CREA T IOV

Zhe

minw"Rw  Aneild SewlasTedum L ws(@) =g
w
4 Q*Rfls(el)

P S @R 5(6) (219

¥
v g

dld o dl o o a 3

naeaLillAiAAeNAIRaL2998 LOMP fidinsimuadenluifduidady

N oA = . : ) Ay A o ' o A A A

iWenReulatien (single lingar constraint) TunstinaasnisivinnsniaglaAauna i

AL NHINARDLAUBIATYUIUNFBINT wazAuRxTiAdue (nul) Tdeiianisaasdnynyos

uwnsngemiusnnnsoialglnenisinuunSeuladadurats deule ( (multiple linear

. d = o = X 1o o -

constraints) Aazdanuandanla L PUBALTUAIUINLBIBIALTLNDLYBIALRINALDY

ae (L < N) Inefnaeat e

minw" Rw naliReulededuild D'w=g
W

W, = RD[D"R'D] g (2.15)

o

a I8 A a o—dl o all 4 '8 a
weEnd D A wesndnaulativdunlsznausaanninesauauiifnes
Fourynounaula (s(4)) wazianmasArLANTATaSATYITLINIUNABIN1TANERTN uaY

wnwed g Asnmesdnsatnaenizacuresdysgannaula uazaniiuguedludouaag

o

o

mmm’]mﬁim’iﬂqmi(g:[g DY O]T)

v o

= 4 L% a | :j/ dl
M’]ﬂW@’]?ﬂA’WﬁﬂJMWﬂ’]\? mu"Lmﬂ LL‘]_I'LI"II‘ﬂ\T]_G‘ AL ANAINUBI LTS LQ@‘HVLGLI

179AL [6] Tneuennnnasaatnminean ugeesflssnaLiseiniugil
W=W,+V (2.16)

Tnefl w, a¥eldannnfaessindtenlatiedu uaziiniaes v azsmenniulsyizes
wrsndReulaiAy g1 2.3 uansdnnizaaaind meﬂ?gﬁﬁqmﬂmmLm?ﬂsﬁiﬂ@mﬂﬁu

wazimINglalsiaAdi (Projection matrices) w0 l@lag [6]
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P. =D[D"D]'D" (range of D) (2.17)
LAY P. =1-P, (null space of D) (2.18)

a

Anwnizreasny wavlsnN fa fmﬂmfmme??ﬂeﬁ“l?ﬂilﬂﬁﬁum’]mmme%’ﬁqgﬂﬁ 2.3

Farduazly w, =P.w (2.19)

LAY v =P.w (2.20)
AnannaaTl (2.20) uazenlaieduluanniai (2.15) acl

Hv=0 (2.21)

ANANN13N (2.21) azwinlean v dulidenansznuseNanlaledy Fai9n

]
17 = o

v I i
annsoinanantmRll I aEn9duadandwasivialinasnaasluiadesie la Id

a

77 2.3 dnmauzaesligi uazdigisainaeusindllsaadu
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o
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Hasfudyounns  Seasinutinnilasiudyiuinesnisaanaindyiasannsuldain

|
] o =

arane Tnsqailszasdresdauiihatidy i ldunrdadnyonuninaasaainidig

'
= !
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x(n) = 35(8)m, () + v(n)
i=1
D) (O

(2.22)

z(n) = w"x(n)

—wH is((b,)mi(n) +wH (n)v(n) (229
i=1

LA

2.2.3.1 daunagdarafuuuuaINey

AngU7 2.4 uazannnsn (2.22) Anualiuuasniiiadoyoyani 1l

1
a % =

wiasniladrynrunavlatngaldnanisilsznaunmldandunaunisnsamdnin

v o

putiuensnpuedaunaglaAaBLLLANETY Lanalslae

q

Yq (M)=wg'x(n) (2.24)

Taen  w, uanmadditosiivinasigniaanliazaenndesiuiBgivseanssnd

q
Tdsaaduluannisi (2.17) ez lamnmasenangsnuiineaniluseil

w, =[s" (6)s(6)] 's(6)) (2.25)

unuAtaNnIsn (2.25) asluannisi (2.24) dsiuaslsansnmaasdaunagy

ﬁ’]ﬂ?]luLL‘Ll‘]_lﬂ’]ﬂmeﬂu
K 1 H
yq(n)Zml(n)Jrzaimi(nHWS (@)v(n) (2.26)
i=2

SH (el)S(QI) 1 o v A A ! o dl v o
i S o HUANANANNUT NN AN WNISUI WA U DUNABINIT LAZATI TR
s(6)][s(4))

WNTNABAANUNAIN LRGN | [15]

e «

AINANNTIN (2.26) AoyryrnsiansnpresdauneglatnauuiLansiylias

HasMlsznauaesdynnfeanns Ayniuuningaan wazdnyiusuniuag las

v o o

1
o ¥

IUNFaInIazlaARNaIN LN wdtyn unInaen wasdnynIILnIuay
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1 v
o

= a o 1 1 % dl d‘ [ % o
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sypaesdautlszananailaaiudyanunaznainneluindedall]
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>

2.2.3.2 dautlszunanailasnudny i

ludaullazaanpdnsiuas LCMP Aeaylfiwmsndilasiudyyin (B) 98

AuaNiAAINLT AR nasuasndllsianduluauntsd (2.18) Geazinutiniim

[

Wamafnnsasdrynyrunsesnisaanldaindyyineun Tnenusazuanluwssnd B A

1110 N x (N -1) azianliauuniudadu (Linearly independent) uasHinisAsain

'
a o a

AUNERFAILANTIANINTRNATYIUWARBINIS S(6) HanmuzAsl
B"s(@)=0 (2.27)
Tnef 0 wnnwedguandaun (N —1)x1

wninasienauesasulszieanatlasiudtynnainisnm s

y;(n) = B"x(n)
= B" is(yﬁ,)mi (n) + B v(n) (2.28)
=2

1
%4 !

anannIsdNAuarnud &l e saf iandaul svananailasiy
o d’l S o/ dl £ A ] dd‘ a o a '
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NaINIg
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LTW%WLLW@QE‘U@1®LH€‘EU®@Lﬂu@@ﬂ@?mﬂﬂﬂﬂgqﬂsﬁﬂsﬁ@uuﬂﬂ LAZINERAANITANWI AL UN

Hesthunld Aansounlaseairaesssuudauadnydnenonadaiallaingn 2.4 uazann [6]
o o

109NN E U LR WIS A9 anaevia Tyl et

u

aylFaunisinmas
w(n) =w, —Bw,(n) (2.29)

e w, (n) WuwnnmesAdeaimtindiudnldaun (N -1)x1
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1
=

fnaredouliuanls redniauiliasenfnnaesszuudauadndn

Y o

el anunsnuandlgEe
z(n) = y,(n) —w}' (N)y,(n)
=w{ x(n)—wf (n)B"x(n) (2.30)

ANANNITN (2.30), ‘qu‘]:’rﬁ Wiener filter [6] WAYAT Steepest-Descent [6] A%

TaaunisUsuptagsinuinludanasny LMS As
it
w,(n+1) =w,(n) —Ey(VWJ(n)) (2.31)

A & a el 2 = ] P - 5o -
IﬁﬁW] A AR WITTNLARITINNNG LRSS VWJ (n) AR ﬂ']Lﬂ?Lﬁﬂummﬂ\?ﬁQﬂmU'ﬂﬁﬂﬁ‘zﬂ\iﬂ°1|‘ﬂ<'l

o a K o o %
ﬂ@ﬂ@?WNLLUUﬂ?UMQim

ANMNANUBNFANALRAETRTTILIAuIRANd 19 9elviali annnsaunldannannssialii

Po = E[l2(0)]]
= E[2(n)z" (m)]

(2.32)

anaNN99 (2.23) uay (2.32) azldmanidsanuiasnsiaasnaglugll
WerffuraaAntasnuinae
H
PuW)=w"R,w (2.33)

Y o

Tnadl R, Aa wssnanduiusaesdoynnmdunaudaalsaail
R, = E[x(mx" (n)] (2.34)

AINANNNIN (2.24) (2.28) (2.29) uaz (2.34) azlfAnnasnuensineieas

Tugnunaf (2.33) fai
P (W) = E[\yq(n)ﬂ —E| yy(mys' (n) |w, Wi E[ v, (M)y;(n) |+ Wi R, w, (2.35)

Tnaf Ry Aa wrsnanduiusaasdnyyiniensnanesdiulssunanatlasiudnynyin
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o a

1FAINTDUNEANEINNLLL LMS 11 1F lunnsvwmninasoaaunminauung

. cad @ Ave o o ' A & 1 o o ANy v 1 0 o
RALURY Wiener f;ﬁumummﬂﬂumu@mqmmLfmmemamwuﬂwimzhmm«’mmmm

a

mumﬁﬂm"mm (J(n) = E[P,]) naLaazuas Wiener 413U GSC/LMS  @nunsnin bianw

o

(61 lneld w,  unusnmesteaiminyfudldiimanzanigniAqsiil

-1
Waom - Rybp (2.36)

o

Toed p Aa nnwefanduiusianszudeswnandaunaglaipauuuuansny uazdou

1
o o

Uszananadlesiudnyoyins 1fawn (N —1)x1 a1unsauanslineannis

p= E[yb(n)y;(n)] (2.37)

[ % ?\’/ 1 o o [ 4 dl OI 2/ o & 1 o o o 1 9./4‘
muummmmmmmmmmmmwmLfa@ﬂm@mim‘[mﬂmLmemmmmwuﬂﬂﬁfumimw

winzannganun lianannasi (2.36) unuasluannisi (2.35) T9linansil

2
I:)outom = qu (n)‘ :| X pH Waopt (2.38)

1
I 0 o =

ANANNIIANNIANIBBIFNFLDALANGATINEUTIU 1912 NUANANTIANUN
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Y o P20 a @ dl a | s A ' a o d@l N [ ]
1muu@: ﬁﬂqﬁﬂf\zﬁ]@:\iﬂﬁl'ﬂmﬂ P mmtﬂu@um M?’ﬂﬂ@’?’)'ﬂﬂuﬂﬂu\iﬂ'ﬂL'ﬂ’]ﬁlV\!ﬁl@WﬂW\i@@\m%u

avfiaalulAuanduius

gﬂﬁ 2.6 T1A394 519999 Generalized Sidelobe Decorrelator [9]
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2.3 Generalized Sidelobe Decorrelator
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1 o a o ¥ dl o 1 | -ai ! 2 dl a o
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AuaanaInii Taantinfaesdsnisuanuuaanlady nuenAanITANLIAINEAS

o o 1

1 %’l o ¥ dl o (-4 =l % dl o/ as
mqumuﬂmm@mmmimmium\mmmgmmﬂummfyﬂm LAZTRNATYTUNTW AENTILEN
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1
a % o =

wiasniadyoynuuena (71 WuAsnnsdsznanadrynnndeanisiaalddayaann

'
v o o

&ryoyrnuiniuldainanaaniAsedauaesdnyanmnfeInis wasdnnunsnaansan
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agl nallatiarnnsnnazn liliszansdldluaudaiiunaaya limunuse doyoynssunau
. 2t o ° dl v o v
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209370Uge1Y Tullaqtiuteuildnisuenuasniadryannuuuuen  Ingsaniuazag)
LuiLgIuIeIn1TnsaiesAdsenauidudaszuiiu nasuanuvaeiuiladoy iy

v 1 1 1
vaatudunraNazinuaNamnrn lunsuendy o adunstiiiniannsandunugasudng

o

Aryrynnuldl Anewideed C. Fancourt WAE L. Parra [9] MMnnngsangLuuuaesdoauadny

1 '
o o a

drafonedaiald  waznisuanuuasnaliadiaouuuteadnfaaiu uazaiedanaing

D

| =

TdnNT2d1 Generalized Sidelobe Decorrelator #lAeaF1eNugIuLanIAcgLN 2.6 N
anwozadeiulnssaiisugaesdouzdnndasionsiediall uied1slsfinan GSD ax

! ! o £ dl o oI/ — rdl ¥ dl [l
wAnsingaIndaurdnndaeiansneia kil mssnasnansan e Iununazidunoueien
nasuAngalaglaguiiunisldinatianisananduiug (Decorrelation Technique) a43

ANEULFT [9], [16]

1) = Z3C,. o) 239

|

Cuzi (1)

e C, . (n) Aeflariduianddassudaaesimi i uaz lewsinai j eBungiduannislé

[ %

N

Zhe

Szizj (n)

Cn = s

(2.40)

'
a o

A 1 o v Y I [y dl - o dl - 1 dl
AT Sz-z- (n) ﬂ'ﬂﬂ’]@ﬁ@ﬂ‘WUﬁ‘ﬂ’]Mi:ﬁM"ﬂQL'E]'WE‘W!L‘W] I LAZ BRIANAN | NAIDLWNN N RS
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=
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AN9xUd19 0 D 1 IngazilAnwind 1 1le i = j wiauisfaviasuaunisi (2.39) ag

6 o

Tugtraaiuman 4l
J(n)= ZHCZZ (n)H2 = Ztrace[cgz (n)Cy, (n)} (2.41)

Tned C,, PawssnduasiedusnianiesAlsznauda C,, wazarldaunTnluluanies
17]

yuuanily 1 enueviniannsn@aviseBnduasilsdusonia e lusdiu

CZZ(n):Agyz(n)-su(n)-Agé’z(n) (2.42)

S,, ApAAUANRUSTNNIZUINNATIIuLeEWA (Output-Output  Cross-correlation) 913

7

asAtszneuAe S,, UaY Ay Ao wesnfunanussidanndnluwanusadu S, , 1ile

[ %

UWNUANANNI9T (2.42) Tuasnie® (2.41) i liladeiduaatlsrasdlug nsisail

I(n)= ;trace[A§ (n):S (n):AZ (n):S,, () ] (2.43)

Tnagazieilsiduqalszasdn laulllalunsdiuAnnmestsmminidiuenls uwnu
Hariduqaiszasdipia (I (n) = E[R,, ]) BsnastilulFaznannnaluumi 3 vesineniinugil
sin il
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v 1 1 1
(Decorrelation Technique) TunsuAdesautininnznge Inawansandryyouniuls

4
nanigu
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¥ = o o

Tasvafrvnasdauadnydresioredadialiiinaueil azldinalianisan
anduiusununs N TR AN WA gAINBLN AN D UEaBd U A TN 9N9TTRITIa 1]

q
1 ]

Waiatlymanduiusrzudsdninisesnig wazdnmnunsnaan deilymisanann

AN lAAN198 ANAUTDIA YT U LAZNNTIAAATY UIUNINAAARIASANNEAT LA

o

Wiadian 3.1 289Uy 3 1
3.1 HANTENUNNANNANNANTNNUEIZWINF U0

A o= N 4 = A a
@qﬂﬁﬂ&lﬁqmﬂ@’]']ﬂ\ﬁlqum@ 2.2.3 U 1312 7HATDLAANDNNANTSNLUNINARA

b

%

anssnuvaassyullimnlAlaanansuraanea SINR - Maisnarasdauadnytinanaed

i hlaldinaeiuuuAInasuAgaansnnansl [17] tihapauazaanlunisnsesdilom

1 v
=KX o

191R9NmuA IHATY I uunsnaa A lusr LR uledty sy asiniiu M linnnestunanes

¥
Yo A

sruvluanniai (2.22) sl lfeail

x(n) = o;my(n)s(8,) + o,m, (n)s(6,) + v(n) (3.1)

]
[ %

Taenuuald 6, uaz 6, \{unAraUnanIEAAIUNGeINTT LaTATUIIILNINAa A

o

m,(n) uaz my(n) udeysrasdninnaesunaanuiindayoyunsasnis wazdnyin

Q‘Id 1 dl [~ Ce [~ d! v 2 o [ %
wnsnaanndAnadeiugud waranulslsudunila I of WuNIANIUAIAAZILLY

ATUDINRRINTT UAY 07 UWNUNIANIUAIARZILIBNATYINUNINGRR

=

lunstundrynynuunsndaanluannief (3.1) FAnuanduiusiudnyoyins

=)

AENNNT  AatiudaNnInNazuandynnunIndantivaaniiuansdaulssnaudag daund
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v o

Auanduiug (m,(n)) uazdoun ifiaouandusiusiudnyyiuideanis (m (n)) 197

annsnduNeasaunmvasszuLluannsi (3.1) Tulaiily

x(n) = aym,(n)s(6,) + v(n) + o, (p*ml(n) +4/1- |,o|2 m,, (n))s(@z) (3.2)

3 & 1 % [ o ¥
Aurlsz@nsAnuanduniugaeminadyonns nnvua lEeeil

E [ m; (mm,(m)]
A . (3.3)

P1aNn199 (3.2) Tilunuluaunash (2.24) Lar@unisi (2.28) 131azls

AN AeIdunaglaInAuLILANTTY Laziannefiandnnvesdqulszuaanatiaeiuy

v
o o

AN UM HANFLIAIT

Yq(n) =oymy(n) + o,ma + %SH (6)v(n) (3.4)
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function [Sig, Noi, Intf, Intf2, Intf3, Intf4, Corr_Sig] = gen_input(num_DATA,num_elms,
S_pow,N_pow,angleS,|1_pow ,I12_pow,I3_pow,l4_pow,anglel1,anglel2,anglel3,anglel4,
Corr_Coef)
% %% % % %0 % % % Yo %o % % % Yo %o % % %o %o %o %0 % %0 %o Yo %o %o %6 %o Yo %o % %o Yo %o % % % % Y% % % Yo
%%  Generated Input Data of Array %%
%%  Operaing frequency : 900 MHz %%
%%  Sampling frequency : 4.5 GHz %%
%% %% % %o % % % % %o %0 %% %0 %0 Yo Yo %o %o Yo %0 %0 %0 %o %o %o %o %0 %6 %o %o % %0 Yo Yo %o %o % %o %o % % Yo
%% %% % % %0 %0 % %0 % %0 %0 %0 %0 %0 Yo %0 %0 %0 %o %o %0 % %0 %o %o %o %0 %o Yo %o %0 %0 Yo Yo %o %0 % %0 % % % Yo
fc=900e+06; % Operaing frequency. %%%% %% %% %
%% %% % % % % % % %o %o %0 %0 %0 %0 % %6 %0 %o %o %o %0 %6 %o Yo Yo %o % %o Yo %o % %o Yo Yo % % % %o %o % % Yo
fs=5*fc; % Sampling frequency. %%%% %% % %%

gain_sig=sqrt(S_pow); %% Signal Gain.
sig_data(:,1) = randn(num_DATA,1);

sig_data(:,1)=(sig_data(:,1)- mean(sig_data(:,1)))/std(sig_data(:,1));

%% mean = 0, variance = 1.

Corr_Sec =sig. data(:,1); %% Correlation Section.
sig_data = gain_sig*sig_data; %% power = gain_sig.
fort =1:num_DATA

sig = sig_datal(t,1)*exp(j*(2*pi*(fc/fs)*1));



forn =1:num_elms

Sig(n,t)=sig*exp((j)*pi*(n-1)*sin(angleS));

end

end

% % *kkkkkkk NOISe Kkkkkkkkk % %

gain_noise=sqgrt(N_pow); %% Noise Gain.

for n=1:num_elms

Noi(n,:)=randn(1,num_DATA);

Noi(n,:)=(Noi(n,:)-mean(Noi(n,:)))/std(Noi(n,:)); %% variance = 1.
Noi(n,:)=Noi(n,:)*gain_noise; %% power = gain_ noise
end

% Y% ***R* 1st Interference. *** 9% 9%

gain_Intf1=sqrt(I1_pow); %% 1st Interference Gain.

intf_data1(:,1)=randn(num_DATA,1);

intf_data1(:,1)=(intf_data1(:,1)-mean(intf_data1(:,1)))/std(intf_data1(:,1));

%% mean = 0, variance = 1.

UnCorr_Sec=intf_data1(:,1); %% UnCorrelation Section.

intf_data1=gain_Intf1*intf_data1; %% power = gain_Intf1.

for t=1:num_DATA

intf1=intf_data1(t,1)*exp(j*(2*pi*(fc/fs)*1));
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for n=1:num_elms

Intf1(n,t)=intf1*exp((j)*pi*(n-1)*sin(anglel1));

end

end

% % ******** 1st Correlation Signal. ******** 9,9,

gain_Corr=gain_Intf1;

corr_Sig=gain_Corr*(Corr_Coef*Corr_Sec+sqrt(1-Corr_Coef~2)*UnCorr_Sec);

%% Correlation Signal.

for t=1:num_DATA

corr=corr_Sig(t,1)*exp(j*(2*pi*(fc/fs)*t));

for n=1:num_elms

Corr_Sig(n,t)=corr*exp((j)*pi*(n-1)*sin(anglel1));

end

end

% Y% ******* 2nd Interference. ** ¥ 9 9%

gain_Intf2=sqgrt(12_pow); %% 2nd Interference Gain.

intf_data2(:,1)=randn(num_DATA,1);

intf_data2(:,1)=(intf_data2(:,1)-mean(intf_data2(:,1)))/std(intf_data2(:,1));

%% mean = 0, variance = 1.

intf_data2=gain_Intf2*intf_data2; %% power = gain_Intf2.
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for t=1:num_DATA
intf2=intf_data2(t,1)*exp(j*(2*pi*(fc/fs)*t));
for n=1:num_elms
Intf2(n,t)=intf2*exp((j)*pi*(n-1)*sin(anglel2));
end
end
% % == 3rd Interference. ******* % %
gain_Intf3=sqrt(I13_pow); %% 3rd Interference Gain.
intf_data3(:,1)=randn(num_DATA,1);
intf_data3(:,1)=(intf_data3(:,1)-mean(intf_data3(:,1)))/std(intf_data3(:,1));
%% mean = 0, variance = 1.
intf_data3=gain_Intf3*intf_data3; %% power = gain_Intf3.
for t=1:num_DATA
intf3=intf_data3(t,1)*exp(j*(2*pi*(fc/fs)*t));
for n=1:num_elms
Intf3(n,t)=intf3*exp((j)*pi*(n-1)*sin(anglel3));
end
end
% % ******** 4th Interference. ******** % %

gain_Intf4=sqrt(14_pow); %% 4th Interference Gain.



intf_data4(:,1)=randn(num_DATA,1);

intf_data4(:,1)=(intf_data4(:,1)-mean(intf_data4(:,1)))/std(intf_data4(:,1));

%% mean = 0, variance = 1.

intf_datad=gain_Intf4*intf_data4; %% power = gain_Intf4.

for t=1:num_DATA

intf4=intf_data4(t,1)*exp(j*(2*pi*(fc/fs)*t));

for n=1:num_elms

Intf4(n,t)=intf4*exp((j)*pi*(n-1)*sin(anglel4));

end

end
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clear all;

%% % % % %0 % % %o % %0 %o % %o %o % Yo Yo % Yo %o %6 %0 % %o %o %o Yo %o %o Yo %o %o Yo % %o %o % Yo %o % Yo % Yo
% % Generalized Sidelobe Canceller % %

%% %% % % %0 % %6 % %o %o %o % %0 Yo %o %0 %0 % %0 %o % % %o Yo Yo %o %o %6 Yo Yo %o %o %6 Yo Yo %o % % % %o % %o
%% % % % %o % % %o % %6 %o % %o %o % %o Yo% %o %o %60 %o % Yo %o %o %o %o %o Yo %o %o Yo % %o Yo % Yo %o % Yo % Yo
%%%%%%% Initial Operating Time % % % % % % % % % %

%% % %% %0 % % %o %% %o %% %o %0 Yo Yo % %o Yo% Yo % Yo %o %o %o %o %o Yo %o %o Yo % %o Yo % Yo %o % Yo % Yo

Start=clock; %% %
disp('Strated Time') % %%
disp(' Hour Minute Second') %% %
disp(Start(1,4:6)); %%%

% % %% % % %0 %0 %0 % %o %o %0 %0 %0 Yo %o %0 %0 %0 %o %0 %0 %0 Yo Yo %o %0 %0 Yo Yo %o Yo %0 %0 Yo %o Yo %0 %0 %0 % % Yo
%% %% % % %% % %% Initial Value % %% % % % %% % % % % %% %o % %o %0 % % % % % % % % %

num_Realization=100; %% Number of Realization.
num_elms=4; %% Number of Array Elements.
num_DATA=1000; %% Number of Signal Data.
S_pow=1; %% Signal-Power.

N_pow=0. 1; %% Signal-To-Noise Ratio.

I_pow(1,1:4)=[0.1 23 4]; %% Signal-To-Interference Ratio Vector.

fc=9e8; %% Carrier Frequency.
d=0.5; %% Array Spacing.
Corr_Coef=0; %% Time Correlation Coefficient.

ErrSig=zeros(1,num_DATA);
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%% %0 %% % % % % % % Angle-Of-Arrival % % % % % % % % % % % % % % % % % % % % % % % %

angleS=0; %% Angle of Desire Signal.
angle1=45; %% Angle of 1st Interference.
angle2=5; %% Angle of 2nd Interference.
angle3=60; %% Angle of 3rt Interference.
angle4=80; %% Angle of 4th Interference.

%0%0% % % %0 %0 %0 %0 %o %o %0 %0 %0 % %o %0 %0 %0 %o %0 %0 %0 %0 %o %0 %0 %0 %o %o Yo %0 %0 %0 Yo Yo %0 %0 %0 %o % %0 %0 Y0
%0%0% % % %0 %0 %0 %0 %o %o %0 % %0 %0 %o %0 %0 %0 %0 %0 %o %0 %0 %o Yo Yo %0 %0 Yo Yo %o %0 %0 Yo %o %o %0 %0 %o %o %o % Yo

%% % %% Started Loop of GSC %% %% %%
% % % % % % %% % % % %6 %o %o %o % %o %6 Yo %o %o %o %0 %6 %o Yo %o %o Yo %6 % % Yo %o %o % % % %6 %o % % % % %o
% % % % % % % % % % % %o % %o % % % %6 %o %o %o % %0 % Yo %o Yo %o %0 %o % % %o %o % % % % % % % % % Yo

for Real=1:num_Realization

[Sig,Noi,Intf1,Intf2,Intf3,Intf4,Corr_Sigl=gen_input(num_DATA,num_elms,S_pow,N_pow,

angleS,|_pow(1,1),I_pow(1,2),l_pow(1,3),I_pow(1,4),angle1,angle2,angle3,angle4,Corr_

Coef);
Yo —mmmmmmmm - Constrain determination. -----------------—-
C=steer2pi(num_elms,fc,d,angleS); %% VECTOR of Constraint.
g=[1]; %% VECTOR ‘of Constraint output gain.
% ot RNl 1 Orthogonal complement matrix. -------------

Ca=zeros(num_elms,num_elms-1); %% Orthogonal complement matrix.
Ca(1,1:num_elms-1)=-1*ones(1,num_elms-1);
for n=1:num_elms-1

Ca(n+1,n)=C(n+1,1);

end



% Initial section

% %  gain_Sig=sqrt(S_pow); %% Signal Gain.

% %  gain_Corr=sqrt(l_pow(1,1)); %% Correlation Signal Gain.
% %  Corr_Sec=Sig/sqrt(var(Sig(1,:))); %% Correlation Section.

% %  UnCorr_Sec=Intf1/sqgrt(var(Intf1(1,:))); %% UnCorrelation Section.
% %  Corr_Sig=gain_Corr*(Corr_Coef*Corr_Sec+sqrt(1-Corr_Coef"2)*UnCorr_Sec);

%% Correlation Signal.

X=Sig+Noi+Corr_Sig; %% Input Signal.
Wq=C*(inv(C"*C))*g; %% Non-adaptive weight.
Wa(1:(num_elms-size(C,2)),1)=0.5; %% Adaptive weight.
MU=0.0005; %% Adaptive Gain.

% Adaptived Part (GSD) =------------------ )

for k=1:num_DATA
e(1,k)=(WgX(:,k))-(Wa" (Ca"X(: k)));
mu=MU;
Wa=Wa+(mu*Ca"X(:,k)*conj(e(1,k)));
err(1,k)=Sig(1,k)-e(1,k);
SqgErr(1,k)=err(1,k)"2;

end

ErrSig=ErrSig+SqErr(1,1:num_DATA);

Realize=rem(Real,10);

if Realize<=0
disp('No. Realization')
disp(Real)

end

end
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% % % % % %% % % % %o %o %o % % % %6 % % % %0 %0 %0 %o %o %o % % %6 %6 % % %0 % Yo Yo %o %o % % % % % % %
% % % % % % %% % % %o %o % % % % %6 %6 %6 %6 Yo %o %o %o %o % % % %6 %o %o Yo Yo %o %o %o % % % % % % % % Yo
%% %% % Finished lterative %% % %%

%0%0% % % %0 %0 %0 % %o %o %0 %0 %0 %o %o %0 %0 %0 %0 %o %0 %0 %0 %o %o %0 %0 %0 %o Yo Yo %0 %0 %o Yo Yo %0 %0 %0 %o % %0 Yo
% %% % % %0 %0 % % % %o %0 %0 % %o % %0 % %0 %o %o %0 %0 %0 %o %o %o %0 %0 %o %o %o %0 %0 Yo %o %o %0 %0 %o % % % %o

% Average e
Ave_ErrSig=abs(ErrSig)/num_Realization; %% Average Error.

Ave_ErrSig_dB=dB(Ave_ErrSig);

% MSE

figure(1);
semilogy(Ave_ErrSig,'b");
xlabel('lteration Index');
ylabel('Mean Square Error');
axis([0 1000 0.0001 10]);
hold on;

grid on;

time(Start);
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clear all;

%% % %% %0 %0 % %o %0 %0 Yo % %o Yo % %o %o %o Yo %o %0 %o %o %6 Yo %o %o Yo %o %o %o % Yo %o %o Yo % %o %o % Yo % Yo
% % Generalized Sidelobe Decorrelator % %

%% % %% %0 % % %o % % Yo %0 % %o %6 %o %o %60 %o %o %o Yo %o %o Yo %o %o Yo %o %o %o %o Yo %o %o Yo % Yo %o % Yo % Yo
%% %% % % Yo % % Yo % %o %o % %o Yo %0 %0 %0 % Yo %o %o Yo %o %o Yo %o %o Yo %o %o %o % Yo % %o Yo % %o %o % Yo % Yo
%%%%%%% Initial Operating Time % % % % % % % % %%

%% % % % %0 % % %o %% Yo %% %o %0 %0 Yo %o %o %0 %0 Yo %0 %o Yo %o %o Yo %6 %o %o %o Yo % %o Yo % Yo %o % Yo % Yo

Start=clock; %% %
disp('Strated Time') % %%
disp(' Hour Minute Second') %%%
disp(Start(1,4:6)); %% %

%% %% % %0 %0 %0 % %0 Yo %0 %0 %0 %0 %o %0 %0 %0 %o Yo %0 %0 %0 Yo %o %o %0 %0 Yo Yo %o %0 Yo Yo Yo %0 %0 %0 %o % %0 %0 Yo
%% %% % % % % % %% Initial Value % %% % % % % % % % % %0 % %0 %o % % % % %o % % % % % % %

num_Realization=100; %% Number of Realization.
num_elms=4; %% Number of Array Elements.
num_DATA=1000; %% Number of Signal Data.
S_pow=1; %% Signal-Power.

N_pow=1; %% Signal-To-Noise Ratio.

|_pow(1,1:4)=[0.1 23 4]; %% Signal-To-Interference Ratio Vector.

fc=9e8; %% Carrier Frequency.
d=0.5; %% Array Spacing.
Corr_Coef=0; %% Time Correlation Coefficient.

ErrSig=zeros(1,num_DATA);
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%% %0 %% % % % % % % Angle-Of-Arrival % % % % % % % % % % % % % % % % % % % % % % % %

angleS=0; %% Angle of Desire Signal.
angle1=5; %% Angle of 1st Interference.
angle2=5; %% Angle of 2nd Interference.
angle3=60; %% Angle of 3rt Interference.
angle4=80; %% Angle of 4th Interference.

%% %% % %0 %0 %0 %0 %o %o %0 %0 %0 %o %o %0 %0 %0 %o %0 %0 %0 %0 Yo %o %0 %0 %o Yo Yo %0 %0 %0 Yo %o %0 %0 %0 %o % % %0 Yo
%0%0% % % %0 %0 %0 %0 %o %o %0 %0 %0 % %0 %0 %0 %0 %o %0 %0 %0 %0 %o Yo %o Y0 %0 Yo Yo %o %0 %0 Yo %o %o %0 %0 %o % %o %0 %o

%% %% % Started Loop of GSC %% %% %%
%% % %% % % %0 %0 % %0 %0 %0 % %0 %0 %0 %0 %0 %0 %0 %0 %0 %0 Yo %0 %0 Yo Y0 %0 Yo %o %o Yo %0 %o Yo %0 %o %0 %0 %o % %o
%% % % % %0 %0 %0 % %o %o %0 %0%0 %0 %o Y0 %0 %0 %o %o %0 %0 %0 Yo Yo Yo %0 %0 Yo Yo %o %0 %0 Yo %o Yo %0 %0 %o % %o %0 Yo

for Real=1:num_Realization

[Sig,Noi,Intf1,Intf2,Intf3,Intf4,Corr_Sigl=gen_input(num_DATA,num_elms,S_pow,N_pow,

angleS,|_pow(1,1),I_pow(1,2),l_pow(1,3),I_pow(1,4),angle1,angle2,angle3,angle4,Corr_

Coef);

Yo —mmmmmmmm - Constrain determination. ----------—-----—--—--
C=steer2pi(num_elms,fc,d,angleS); %% VECTOR of Constraint.
g=[1]; %% VECTOR of Constraint output gain.

Yo =mmmmmmm e Orthogonal complement matrix. --------------
Ca=zeros(num_elms,num_elms-1); %% Orthogonal complement matrix.

Ca(1,1:num_elms-1)=-1*ones(1,num_elms-1);
for n=1:num_elms-1
Ca(n+1,n)=C(n+1,1);

end



%

%
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Initial section
Wag=C*(inv(C"C))*g;
Wa=eye(num_elms);
mu=0.0001;

Gamma=0.99;
X=Sig+Noi+Corr_Sig;
Cross_Corr=eye(2,num_elms);
Auto_Corr=eye(num_elms);
Z=zeros(2,1);

Y=ones(num_elms,1);

for k=1:num_DATA

ya(1,k)=Wg"X(:,k);
Yb=Ca"*X(:,k);

Adaptived Part (GSD)

%% Non-adaptive weight.

%% Adaptive weight.

%% Adaptive Gain.

%% Forgetting Factor.

%% Input Signal.

%% Input-Output Cross-Correlation.

%% Output Auto-Correlation.

%% Quiescent Output.
%% Blocking Part Output.

Cross_Corr=Gamma*Cross_Corr+(1-Gamma)*Z*Y";

Auto_Corr=Gamma*Auto_Corr+(1-Gamma)*Z*Z';

Y=[yq(1,k);Ybl;

%% Decorrelation Input.

Dia_Corr=eye(num_elms).*Auto_Corr;

Inv_Dia=inv(Dia_Corr);

Z=Wa'"Y; %% Adaptive Part Output.
Wa=Wa-mu*(Inv_Dia*(Auto_Corr-Dia_Corr)*Inv_Dia*Cross_Corr)";
wal(:,:,k)=Wa;

Z1(1,k)=2(1,1);

Z2(1,k)=2(2,1);
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err(1,k)=Sig(1,k)-Z1(1,k);
SqErr(1,k)=err(1,k)"2;
end
end
ErrSig=ErrSig+SqErr(1,1:num_DATA);
Realize=rem(Real,10);
if Realize==0
disp('No. Realization')
disp(Real)
end
end
% % %% % %0 % % %o % %0 %o % %0 %o % Yo %o %0 %0 %0 %0 %o % Yo %o %o Yo %o % Yo %o %o Yo % %o Yo % Yo %o % Yo % Yo
%% %% % %0 % % %o % %o Yo% %o %o %o %o %o Yo %o %6 %o %o %o Yo %o %o Yo %o %o Yo % Yo %o %o Yo %o %o Yo % %o %o % Yo

%% % %% Finished lterative %% % %%

%% % % % %0 %0 %0 %0 %o %o %0 %0 %0 %o % %0 %6 %0 %o %o %% Yo Yo %o %0 %0 %o Yo Yo %o %0 %o Yo %o %0 %0 %0 %o % %0 % Yo
% %% % % %0 %0 % % % %o %0 %0 %0 %o % %0 %0 %0 %o %o %% %0 %o Yo %o %0 %0 %o %o %o % %0 Yo %o %o %0 % %o % %o % Yo

% Average
Ave_ErrSig=abs(ErrSig)/num_Realization; %% Average Error.

Ave_ErrSig_dB=dB(Ave_ErrSig);

% HEReaRecksR s Plot pattern) et eseedaecis
% Learning curve
figure(1);

semilogy((1:num_DATA),Ave_ErrSig,'k');
xlabel('lteration Index');

ylabel('Mean Square Error');

hold on;

grid on;

time(Start);
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Abstract - In this paper, we investigate the effect of
correlation on the performance of the Generalized Sidelobe
Canceller (GSC). The analysis yields an explicit expression for
the signal-to-interference-plus-noise ratio (SINR) at the output
of GSC in terms of the different parameters affecting the
performance, including the interference-to-noise ratio (INR),
the signal-to-noise ratio (SIR), the spatial correlation, and the
correlation between the desired and interfering signal. It can
provide us insight of how the correlation between the desired
signal and the interference can severely degrade the
performance of the GSC system.

|. INTRODUCTION

The generalized sidelobe canceller (GSC) is another form
of linear constrained minimum variance (LCMV)
beamformer, also known as the Griffiths-Jim beamformer [1].
The GSC has been used in many applications including the
wireless communication systems due to its effectiveness in
canceling strong interference signals without prior
knowledge of interference environment. This advantage
permits the GSC to use adaptive algorithm without any
constraint such as LMS (Least Mean-Squares) [2].

The GSC beamformer is obtained by separating process
into two paths. The first path concerned about the desired
response. It will be the same as a conventional delay-and-
sum beamformer and its purpose is to form the reference
signal, which is the primary input to adaptive part. The
second path of the GSC beamformer is aimed to the sidelobe
canceling. It consists of a blocking matrix that blocks the
desired signal. Its purpose is to form the sidelobe canceling
signal, which is the secondary input to adaptive part. The
quality of signal canceling systems, based on adaptive
filtering, is highly dependent on the quality “of the
uncorrelated signal. It is well known that any amount of
correlation between the desired signal and the interference
results in signal distortion and poor interference cancellation
[3], [4]. This problem has been analyzed by a number of
references such as [5]-[9]. However, no complete analysis of
the output power of the GSC has been addressed. All of the
works [5]-[9] were confined to the analysis in different
ways.

In this paper we present an analysis of the SINR as a
function of the several parameters affecting the performance
of the GSC/LMS in the presence of correlated interference.
As a result, it can provide us insight of how those parameters

relate to the GSC system and give a guide on the design of
adaptive array antenna systems. The rest of the paper is
organized as follows. In Section 2, the structure of a narrow-
band GSC and signal model is described. The derivation of
SINR is shown in section 3. The simulation results and the
effect of correlation are given in Section 4. Finally, the
conclusions are made in Section 5.

Il. SYSTEM MODEL

In this Section, the GSC system and signal model is
presented. We will use the stationary discrete-time signal for
GSC system analysis. Moreover, we assume that the incident
signals are narrow-band in nature.

The structure of GSC beamformer is shown in Fig. 1,
consisting of N omnidirectional equispaced element. This
beamformer consists of three parts, the conventional
beamformer, signal blocking processor and adaptive
interference canceller. The adaptive weights are updated
using the LMS algorithm because of its simplicity and
efficiency [7]. The discrete-time signals vector induced on
all elements of the array antenna at nth sample can be
expressed as:

Y V...V

LMS
Algorithm

Fig. 1. Generalized Sidelobe Canceller



x(n) = SU(n) + v(n), Q)

where U(n) is a M x1 zero-mean random vector that

contains both the signal of desired source and the
interference sources as receiving at the reference point, S is

N xM steering matrix, and wv(n) is a zero-mean

uncorrelated white Gaussian noise vector of length N . If
there is a single correlated interfering signal, the received
signal in (1) can be shown as [10]:

x(n) = a,u, (n)s(T,) +au, (n)s(T,) + v(n), 2

where s(0) isa N x1 steering vector of the array towards
direction T. Let T, and T, is the angle of desired source

and the angle interference source, then u,(n) and u,(n) are

zero mean, unit variance associated with the signal of
desired source and the interference source, respectively. Let

a> denotes the expected power of the desired signal and a;

denotes the expected power of the interfering signal.
The interference in (2) can be separated into a component
that is correlated with the desired signal and the remaining

uncorrelated term, u, (n). Then (2) can be rewritten as:

x(n) = a,u, (n)s(T,) + v(n)
+a1(|*uo(n) + 1=y, (n))s(Tl) ,

where |, the correlation coefficient between the desired signal
and interference, is defined as:

®)

= E[u(mu;(m |. )

A. Output of Conventional Beamformer Part

From Fig. 1 and equation (2), the output vector of the
conventional beamformer part is given by

®)

Y, (n)= w'x(n),

where w(': is_referred to as the quiescent weight vector

given by the well known expression [2] as following:
w, =[s" (T))s(T))]'s(T,) (6)

Substitute (6) into (5), then

1,
V()= 20, () + am,g + 5" v, ()

s (Ts(m)
[s(T)[Is(T)]

the desired signal and interfering signal [7] and let
m, =(I*uo(n)+«/1—|l|2u0 (n)).

B. Output of Signal Blocking Processor Part

where denotes the spatial correlation between

From Fig. 1, the signal blocking processor, B, will
remove the desired signal using N x ( N —1) transformation
matrix such that the columns in B are linearly independent
and each column is orthogonal tos(T,) . Thus,

B"s(T,) =0, 8)

where 0 isa (N —1)x1 vector of zeros.
The(N —1)x1 output vector of the signal blocking
processor is given by
y,(n) =B"x(n)

=B"s(T,)am, +B"v(n). 9)

B is chosen to satisfy B"B = I, following [10], then the
autocorrelation matrix of the output vector of the signal
blocking processor can be written in the following form:

R, =E[y,(my. (]
=a/B"s(T,)s" (T,)B +a’l
= afgbg: + O'VZI , (10)
where g, =B"s(T,), is (N —1)x1 vector of the spatial

correlation between blocking matrix and interference and 1 is
(N =1)x(N —1) identity matrix.

C. Output of GSC System

From Fig. 1, the output of the GSC system, z(n), can be
shown as

2(n) = y, (n) - w''y, (n)

=wx(n), (11)

where w_ is the (N —1)x1 adaptive weight vector , and

H HpH - :
w=w, —w_B",is the weight of the system.

I1l. THE OUTPUT SINR OF THE GSC/LMS

In this Section, we presented the derivation of output
SINR (Signal-to-Interference-plus-Noise Ratio) and the
correlation effect between the desired signal and the
interfering signal of the GSC system. The output SINR has
been shown in different parameter affecting the performance



of the system. For adaptive algorithm, we will use the LMS
algorithm to find the Wiener weight vector for the GSC. It is
well known [2] that this weight vector minimizes output
power.

The Wiener solution for the GSC [2], denoted by the

optimum weight vector w, is
opt

w, =Ryp, (12)

where the (N —1) x 1 cross-correlation vector, p, is defined
by
p=E[y,(my,(m]
= (aoall* + af)gb .

Substitute (12) into (11), then we will get the optimum
weight of the system as:

(13)

H H H
W =W, _WaomB ,

(14)
Using (7), (10), (13), and Woodbury’s identity [10],
equation (14) becomes

w, =kg,.

opt

(15)

aal +a’g
a’+a’N
From (3) and (15), the output of the GSC system in (11)
can be separated into the desired, the interfering, and noise
components.
The output of the desired signal is

where k =

Zdopt (n) = WOpt (aOS(To) + alI*S(Tl))u(](n)
=a,(1- Ngk) +a,(1'g = NI'k"),
and its effective output power is
Poo = E[Zdom (n)Z;m (n)]
=a, (1— 2N Re[ gk +|Ngk|2)

]
lo”[ = 2N Re[If g7 | ¢ |le|2)

el
+2a,3,Rel (1= Ngk)(Fg=NI'k’) | (26)
The output of the interference is
2, (0 = (1l ) (5 - NK o, @),
and its power is
P :af(l—|l|2)‘g—Nk*r. 7

The power output due to noise is

2

P :T\,_V(l—ZN Re[kg ]+ N*[k[") . (18)

Vop

The output SINR can be defined as

P
SINR = ——F—
R +P

opt Vopt

- [SNR(l— 2N Re[gk]+|Ngk|2)

+|NR(‘|g*‘2 2N Re[If g'K" | +|le|2)
+2,/SNR-INR Re| (1~ Ngk)(I'g - NI'k") [I/

[INR(2=[1f")|o - N +%(1— 2N Re[kg]+ N2 [k[)]

The effects of correlated signal have been shown in the
next Section

IV. SIMULATION RESULTS

For the simulation results, the linear array of 4 and 6
elements with one-half wavelength spacing are used. The
desired signal will be assumed to be broadside along the
array.

Fig. 2 and 3 represent the output SINR value as a function
of the correlation coefficient magnitude with different value
of INR (Interference-to-Noise Ratio). The interference noise
arrives in sidelobe direction (T, = 45°). It is shown that
SINR decreases as correlation coefficient increases and the
performance of GSC system is affected by incoming of INR
in-sidelobe direction. Moreover, the performance of GSC
system will deteriorate following the decrement of SNR
value.

However, in Fig. 4, when interference arrives in mainlobe
direction (T; = 5°, the change of SINR value will be
accordant with the increment of correlation coefficient
magnitude. So, -the performance of the GSC system will
increase following the increment of correlation coefficient
value.

Fig. 5 and 6 represent-SINR as a function of correlation
coefficient  and | interference | incident angle at different
number of antenna elements. A change in element number
will vary spatial correlation. It shown that at higher
magnitude of correlation coefficient, system performance
also has higher correlation with spatial correlation.

V. CONCLUSION

In this paper, we try to investigate the effect of the
correlated signal on the performance of the GSC/LMS
system. It can be concluded that the system performance
depends on several parameter, SIR; INR; spatial correlation;
correlation coefficient; and direction of interference signal.
To improve the system performance, the interference has to



arrive in mainlobe direction with higher correlation
coefficient. This event will occur only at low SNR (< 0 dB).
For higher SNR (> 0 dB), the direction of interference has
no any effect on the performance improvement.
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Fig.6.SINR (N=6,SNR = 0dB, INR = -10dB)
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