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OPTIMAL DESIGN OF MIMO ANTENNA POSITIONS ON MOBILEPHONE

With the rapid growth of mobile communications, the new services are driven
by users’ demand requiring more and more data rate In this thesis, the use of Multiple
Input Multiple Output (MIMO) has promisingly supported such a requirement by
providing enormous capacity as well as maintaining spectrum efficiency. The concept
of MIMO systems is to apply multiple antennas on both transmitter and receiver A
greater number of antennas used, the more benefits are obtained. Since it requires
multiple antenna elements to be closely spaced on a specific area of mobile terminal,
this leads to both high correlation between received signals and high mutual coupling
among antenna elements. Mutual coupling becomes a key design for multiple antenna
systems because a strong coupling results in a loss of efficiency of the antenna
systems. For mobile terminal, its dimension trends to be smaller. As a result, In this
thesis, the optimal antenna positions specified by a use of genetic algorithms are
determined by considering mutual coupling effect based on Z-parameter matching on
all possible positions of a mobile terminal. The simulation and measument results

confirm that the proposed solution can providethe best channel capacity.
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60° spread at transmitter, 360° spread at receiver
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24 anagresdayanaluszuululy (MIMO channel capacity)
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C= max Blog,det[l,, +HRH"] (2.17)
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242  YosdayaNuiiinI19W e (Fading channel)
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MNT0ALIRY Ly, 1S Loy

9
v @

JUHU
_ 1 1
VR - ZL(ZL+ZRR) ZRTZTTVT
Ve =Z,(Z + ZRR)_I /e b (2.31)
(% 09/' 1 [ d'l a 9
ﬂ\?uuqﬁ,1J!lU1]"1]@Q%@Qﬁmuﬂg'lmﬂ\i']mla$ﬁ$ﬂ']ﬂ1ﬂEIWEI]']ﬁm']ﬂ'JEIﬂ'ﬁ@E]ﬂLLUU
189 INAUDIAIAL

H=7 (Z, +Z)"'Z Ly (2.32)
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b4 Yy I K o o 4 [ v Ao @ 3
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Yy v
A a =R

@ a P 1
(Deterministic channel) Tagtmgmssininadiunanuavzinanielangnanimiveounas 143

msfmuanafiuiuou Tasresdyanuinnsanmsyouaosmazunuaie H_ Tag

H, =72 (2 +Z,)'HZ;, (2.33)
le le Zl3
VA 7 7
ZiZp=| " 7 7 (2.34)
RR T Z Z Z

a Jd o J a Lol
Tag z, Aoduiuauddied vesesalsznou i uaz Z, AoduiiuAussIw
1 4 J a a 4 J a 1 1w <
sgninedntlsznen i wazesdlsznovjluInentinuiiauydld z, dawndy z, W'y
= 9 [ . . d! a v 9 1 a 4
AUNYBFUNAMZIoUNAY (Reciprocity theorem) FavzoFungluatese 11 TasaTngnis

I 4 5 1 1w
UNATFOUNUAUT (Matching-impedance matrix) 39 Z, dzNAMMAUANNT 2.35

Z, 0 0
VA 0 .-
7 - p (2.35)
0 z

a A d 1 v
2.7 i’)N‘W!!ﬂ‘WIﬁ’JN§$ﬂ31ﬂﬁ1ﬂﬁ1ﬂ1ﬂ11ﬂi‘1/‘lﬁ

9 ]

a a o v 4 1 1 1 4 1 1
11!’31/]811!W11‘ﬁﬁ’1]$ﬁﬂ']9HﬁEJ’Jﬂ‘]Jﬂ”IiLGdIfﬂllﬁﬂi’Jlligﬁ’JNﬁTEJ@TfHﬁ ﬂTiLGdIfi’JiJﬁﬂi’JﬂJ
42’ 3 A~ J

1 a 9 = = o Y a L= ~ g
sTHINA1INAIINATUNABIleloIndsena Ut 1uResIi ldnan 1B NN LA U ST I

e

. a 9 o yJya a 4 a 4 o
(mutual impedance) mmumam“lwauwmfmﬁn,muc]maaawmmmﬂuauﬁgmummu

=4

o e . . : 9 a Jd v . a 4
(driving-point impedance) %9152 NOVAILDUNLAUEA D (self impedance) HazouNLUAUY

' a J ar A J 9y A 1 9
i’nflummmiwm]zmmmm 2 @Qﬂﬂﬁgﬂﬂﬂllﬁﬂﬁﬂjﬂlﬂiﬂﬂﬂﬂ 2 NMNI1D0N
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(7]

A A ' J
’3:‘1J‘I/] 2.6 LAANUATDVIY 2 NOITA

I
— > 7z z-2, €
v, Z.Z. v,
= A o Jd
307 2.7 udaa neve 3 nesa
Vl =leIl +Zl212

V,=Z,1,+Z,,1,

(2.36)

a Y Y ) A v a
= DUNAATUVTINN NN 1 LN 2 Lﬂ@’Niﬁ
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I/l a A Cal A 9 A a A
Z :[— = DUNUAUBTIUNNINLUT 1 NNAVINNTSLAN
2

9 A Y a
MU 1 Wonmaan 1 1a9es

[,=0
V a J 1 { { a
Z, = 1—2 = Builuauds wAmadn 2 inannszud
1
= o A S
AMAd 1 1w Mt 2 laees
1,=0
V. A : 4 A
Z, |==%  =ouwamwdnimadh 2 deomadi 11da0ses
]2
[=0 (2.37)

]
A A

[ o 1 o . J 4

mmu’msmwmaz%’auﬂau (Rec1procal network) le = Z21 maumﬂﬂizﬂa‘uﬁmz
) Ya A d Y 9 a £ 492/ 1o a EaR [ dyd
mlouiinaugddnlaon il sziuegiumiimesa q astiae

1. ¥HAVDIA19DINA

2. AWHUINITIAINVDIF 1D INALAAZH

3. anvazmiteunszualiunasoineuaaz@d

2 Y= =2 A
IEMNINsUANN 2.37 laonginilde

v I
Z, [_11 = Z,+Z, I_?
V. I
Z,, =[—j = Z,+7Z, I—; (2.38)

A [ a A 4 Y o w
¥\)3} Zld uae sz [SYjt! DUNLUAULIAVUVDIFIYDINIA 1 LASTIYDINIAN 2 ANANAUIE

] 1 Aa 4 U J @ J 4 1o o 1
LWu]’lﬁ}'ﬂﬂuﬁLmuG]ﬁ!ﬂﬂl'ﬂ611’[’]Qﬁ'lﬁl’f]1ﬂ'lﬁGUE]Qﬁ'lfl@'lﬂ'lﬁlmagﬂﬁli]gﬁﬂ1ﬁu?JQﬂ‘]J'EJG]ﬁWﬁ'JuﬂI’EN
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a d a o o 3 4 1 ]
nIzLLe ]1—1 DUNLUAUSIINLAZDOUNLAUTAUDIVDIA 18D INMAUY il Lﬁﬂﬂi%ﬁ]?ﬂiﬂﬂﬁﬁ\m”lu
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91NIAIN (free space))

ZA

_>|

¥
~
[\S}

\4
<

~
~
~
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S
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—
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A

517 2.8 uaasgdeneemala Inad lddnalsingmsiyeusosu
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A 3 1 A ' £ Aa
$V13)] EzZl HJua’JUﬂ53ﬂfJUGU@\1ﬁu'lilulv\lﬂ']‘ﬂllw3ﬂ§$ﬂ']8"1]@\1ﬁ’]ﬂ@']ﬂ'lﬁ 1 BIUNANN

YPuRUaeeIMa 2 Taeaaie lilimeema2 1,(z) lae

—7 —JkR, —JkR, — jkr
E = ]nl'{e + ¢ —2cos(gje } (2.40)
4r R, R,

Faoz@wou v lailu

. 12/2 KR —jkR, —jhr
v, = Ll gy k(l—2—|z| - —2cos(ﬁje dz (241)
4rl,, 2 R, R, 2) r

—-12/2

a J 1 § a a o3|
LLaz’e]3Jﬁuﬂu%’amﬁ@ﬂﬂﬂimﬁauww Ili VoI IMd 1 9zl uaeil

- I I 12/2 )
Z,, = Y - —JZ II’” 2m j sin| k %2—|z|
< T

li 2i -12/2

— kR, — jkR, — jkr
X {e + eR —ZCOS(ﬂ]e }dz (2.42)

R, = \/x2+y2+(z—l/2)z = \/y2+(z—l/2)2

ro= \/X2+y2+ZZ = \/y2+zz

R,= X' +) +(z+/2) = \[P'+(z—1/2)’ (2.43)
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v Y

19 Y
A o =duag = o, WY 1o, 1 WUNUNTEIAGIgALaZNTEIANT)

2

DUNNVBITIBOINIA 1 A 18DINIA 2 AINAIAY

"

~

— e

«——d —»

Side-by-side Collinear Parallel in echelon

A v = A o o A o a A o
51N 2.9 LLE‘T@NﬂTiﬁ]ﬂ31ﬂﬁ18®1ﬂ1ﬂl1ﬂTWﬂ1/lmllﬂuﬂUﬁﬂQ@]’JLW’EJﬂﬂJ’JﬂK’JlJWLLﬂu“]ﬁ’JlJ

u

T a A CaLl Ao 9 <3| 1A ~ QS’I 9y
ﬂ"lﬂllWLLﬂu‘ﬂﬁ'Jllﬂﬂ']ujmllﬂﬁ]']ﬂﬁllﬂ']ﬁ 2.42 WUAININATEUEANVIVUIVD

9 v 9

aeememin uagazaie Tou lfimnnszuaiimgega 1a Taserdennuduiusae lail

Z, —iz2i (2.43)
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122 — kR, — jkR, — jhor
Z, = - I sin k(l—2—|z|j ¢ +e —ZCOS(ﬁJe dz
ar 5, 2 R R, 2 ) r

dd‘ A [ 1 v nl = d' 1
Tunsainegreememiouny (uaazeen [ = - > n=123.) ﬁ]xug‘ﬂummqw

Y
gauaaane 11l

M39AE01MATUTZUIUTI9D 9914 (side by side configuration )

Rey, =T 2€, () ~ Cila) - Ciwy)

I, =~ (25, ()~ Silu,) - SiCu)]
T
u, = kdij,
u, =k( d;. +17 +1),
u, = k( d; +17 =), (2.44)
15998 1MA T UTE LIV WU (Collinear configuration)
Re, = —8icos(v0)[—2Ci (2vy)+ C,(v,) + Ci(v) = In(v,)]
Vs

n .. .
+8—sm(v0) [2si (2v,y) =5, (v,) = si(v, )]

V4

Im,, = —lcos(vo) [2Si 2vy)=S,(v,)=S.(v, )]
8

+8lsin(v0)[2q(2v0)—c,. (v,) - Ci(v) = In(v,)]
VA

W, = k(\/d2 e —h)

v, =2k(h+1)

v, = 2k(h—1)
vy =(h*=1%)/h’ (2.45)
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N15IAINAWINIALD VYUY (Parallel in echelon configuration)

Re,,, = —glcos(wo)[—2Ci(wl)—2Cl.(wl.)+ C.(wy)+Ci(wy)+C,(w;)+ Cl.(w3.)]
V4

——877 cos(w,) [ZSi(w1 )+28, (W)= S,(wy) =S, (w,) =S, (wy) — Sl.(w3,)]

T

Im,,, =— 877 cos(w,) [2Si(W1 )+28, (W) =S, (w,) =S, (w,) = S, (wy) — Si(wy)]
T

+8lsin(wo)[20i(wl) =2C, (W) = C,(wy) + C,(w,) = C,(wy) + C, (wy)]
T

w, =kh

0|
wz,:k[«/d2+(h 1y —(h— 1)}
w3=k[«/d2+(h+l) +(h+l)}

k[\/d2+(h+l)2—(h+l)J

(2.46)
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a dy a Y Yy =X 9
Tuaunnsani IENNTUIMIIAINE80 1M IULUITS VU090 (side by side)

Sarfu Z, iy
Re(Z,) = l L 26, ()~ Cila) = Citay)].
Im(Z, )_——[25 (ug) — Siu,) — Si(w, )],
uy = kd,,
=k(\Jd; +1* +1),
=k(d; +1* -1), (2.47)

4 1 o a a J ) [
o Re(Z,) fomimausavosauiinausTudumi

A ) a a A i o [
Im(Zij) o ﬂ1%1u’)uﬁ]’L!GlJ'ITWNGQ@MWLLQHWIUWHLWHQU

n Ao Mmgadevesduiiuauds luo1nAIg
d; A9 5LaLr1eTEHINaeeIMA lud 1Y ij
l A9 ANUIIA1TDINA

k fo MineavAay

C.(u) way S,(u) Aomaniliiuveslminaz In'lsiaui lduaaaluaums

aolui

J- cos(x) (2.48)

M)—j“” (2.49)
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28 aqll
o o dy dy Yy a 2 IS A A 9y v A a J
drisuite TuunilldeFuedsnnuiunivesszun luTuinerdosnuinerinus
a =2 dy a =3 o 1 (% ~Aq ¥ aw Y J
vazesuredeszuy luTuugiunazefuredanudiaosresdyarailsluiveldun
HUVIA0IFOIF YA IAVVTANNDATZABNULAZTMIUINUIAUHTOUAULAZLUVT 1A
Foedaynal “Two-Ring” taz Idnandeaumsfiuiumisianuguessesdyauszuly
TutazeFuedunAlA N-port 1ag1i1mna15a1Us10MsFouaesINTeHINA WO INAT
) Iq Y a a 4 1 9 a 2R A A EAl [
Wnlszgnalsluineinus  ludiugameeiuiensouiiuaugsIuszrIaIgeIne

1 Y
laTwadaiunlszgnd 5 luinendnusil
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=h.

UNN 3
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o v d' d' (Y] Jd A d'
ﬂ1§ﬂ1ﬂ]l!ﬁu\17]!1’31]'lg’;ﬁu‘nq{ﬂﬂuiﬂﬁi?ﬁ/‘lﬂ!ﬂﬂ@uﬂ

1 o [ Y [ s A AA o
na1211 fyrivesmstadvagoimalimunzanuuInsdnnnaounaegilnsel

[ 4 { 1 o 1 1 1 @ o o 1 o
InsAnidvuafiuanarduuazizlsteiuanarsnuisiilddumiaeanisiang
(=1 ~ @ a a o’dy Jq Yaaa a [ Y= .
aree 1A lulglunuiaieds TasTnerdnusi 1d 14353 uiuAnoanes iy (Genetic

. A g9 Y ) ] A 9 ) 1 [

Algorithm) Wuioilszgnalslumsmidwmrianea: 1 lumsmidumuansdnaaigeime

(3 1 { T [ d 4 1 1
Tudwmisimaingeau linguuvvesInsdwinndonaziigiiuazvmnamila

= @ o s A A
ETJ“VI 3.1 LEAIMIIAINEEIMAVU INSANNATOUN
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= =
3.1 MUANOANeINY (Genertic Algorithm)
= a [ a R | a 9 o A A 9 [ [ A
ﬂulu@ﬂ@ﬂﬂﬂiﬂmLﬂul‘ﬂﬂuﬂﬂ’lﬁﬂUW1?]'W]E)U‘Vlﬂ‘Vlq@Iﬂﬂi%’Wﬂﬂﬂ’lﬁﬂﬂLa@ﬂllUU
a o o I Aa o Aa R 3 o 1 & A 1 Y1
‘ﬁiimﬂ@lLmzﬁaﬂmimmwwu‘q%umﬂﬂﬂaﬂ@iwmﬂumﬁmuam@t’nwumﬂmﬂmm
Aaw (] 09/’ 9 o Yo [V Y I ax = [
FIAUINIT agaluﬁuuﬂﬂummm’iﬂumﬂmamtaﬂﬂﬁ‘umiﬂﬂnlmﬂua‘ﬁﬂuﬂuﬂqmmﬂms

o a aw £ A o 2 o Jq9 Y 1 9 Y
ATUIULIBIIINUINIG %Qﬂﬂ@mﬁﬂllaguﬂ1ﬁu11ﬂﬂ3$fJﬂ@]i%ﬂﬂ1\1ﬂ'§1\16\]31\11u1/]1\1@']u

=e

wanlszang

9
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Y 1
FUuANdanoI U NI UL IINAITIEN 60 TAsT12090MUIAAUDINIT

U

'
A ada

a o a o a 4 a
MaunsveaadaizialuszuuFIneulslumsdiuiadlronouniuass IUIUAD
daneshulasunduilonTasn15tWeLNs Ue s John Holland Tuv179@ 0¥ 0 Adaptation
. . . & aa 24 o’j = o asxl =2 A 0 =
in Natural and Artificial Systems Faanumuniwsnll a.e. 1975 naeaniuIIMIie 19U
Aa o Aa SR Iq F) 1 [ 1 1 9 o = o
manoanesiu lidszgnd ldanuduaegdueduunsiatgniouq numsanyaz e

4 1 = a [ a R Yy Aa A da’ 421 = a 1Y A A 1
E]\‘lﬂﬂigﬂ’f]UGIN il ﬂlﬂﬂﬂuluﬁﬂ@ﬁﬂ’f]i‘VliJlWiJﬂﬁ$’ﬁ‘1/]‘ﬁﬂ1WﬂENGU‘Ll FUIUANDANDINUDDIN

1< aa Y o A A A a . . .. .
Lﬂu’J‘ﬁfﬂiﬂu'ﬁ1ﬂ1ﬁﬂﬂﬂﬂﬂﬁﬂl%ﬂﬁﬂﬂﬁ1u (combinatorial optimization method) 641 U
sAA

a 4 o ] ]
Jayarlszavgnianuainsolumsdumainoued nyaaIauazannNgIeIn lu

9
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3 1 9 £ ax a = 9 FNTY = 1
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g 9

Tang, K. S., Kwong, S., and Halang, W. A. (1997) 3¢UUAIUAN Visioli, A. (2001) MIADEI
ac a 4
uaz INTANUIAY Bajwa, A., Williams, T., and Stuchly, M. A. (2001) dannseiind lulih
o w a 4 4 1 A = <3 Y a a
N1 ADUNAUADT NITUNNY  NITVUAI LALDU ) DNUINNY %Lﬁu%mﬂizﬁmmwuaz
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o J a wa [ 4 . . = an ~ Y
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4y o J o v A v Y Yo Ay
8) LS‘JJG]U“VH“B']%WWIJH@I@HG!,H‘U’G2L3’EJEJG]ﬁ]uﬂi$‘1/l\1ulﬂﬂ1¢]f]ll‘ﬂﬂﬂ\‘]ﬂ"lﬁ
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Anouildrzunanlas Tuleuiangalunguilsysng Taviansaldaraniladdu

q

Jagiszasditollumsdsuiiuihdnevi I uidosmsnie la

adalszannisuduy

S =faovvesszuy

A

i S E =manumngay

Usziiuanlszyng \

(uaaz 1as Tulew)
Y E \
~—  landuiagdszasd

L
)
Y
Ufiiamsmeanaviug
l S
unui

GA

d' 3 o = a % asK
Eﬂ“ﬂ 3.2 Llﬁﬂiﬂluﬁﬂuﬂﬁqﬂﬂlﬂﬁfﬂumﬁﬂ’t]ﬂﬂ’f]ﬁ‘ﬂﬂJ

3.1.2  Jasiuaulszyinsuazmsinsiia (Population and encoding scheme)

Y v < q’j 1< q’j o o a dy
mansialszmnaiuduaounsnuaziludunoudiguounatiating 12

I Y I @ o = a o AR o
Wumseenuuuld Ias Tu o udumuvesmneunnszuy luduuansanasnuni q 1

v 1 Ins Ty Twog Tugilvesdntlsuuuanss (string variables)

S =(81,8,ee0s 87 ) (3.1)
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A A = Y1 o o o

wenaanTas TuTsuwnila o meansoved ldintumsiueifnounge
= T W I = a o a R [ £ o

Y895 VUG BT uae uuAndaneInNazNed Ins lu Tyuilunindneuilszne
J § 1 % a 1 g 1 { g [ o w
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S-Parameter Magnitude in dB
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S-Parameter Magnitude in dB
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Tunsai Tuu 4x4 lunsaiqualseuiion

QN3N 4.2 uaasdruaveInstaemeomaluszuuluTy 3x3

AUHUINTIAINAWIMAVUNNA x y (Hadwag)

MIMO

3x3 Case Antenna (1) Antenna (2) Antenna (3)
(a) corner 5,5 55,60 5,115
(b) GA 56,8 19,59 3,117
(c) linear 30,5 30,31.2 30,57.4
(d) random 17,35 34,48 15,62
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MIMO AUNUINMITIAINTGIMAVUNAA X Y (HaDIUAT)

4x4 Case Antenna (1) Antenna (2) Antenna (3) Antenna (4)
(a) corner 5,5 55,5 5,115 55,115
(b) GA 4,7 48.25,15 13,97.75 45.5,118.5
(c) linear 30,5 30,31.2 30,57.4 30,83.6
(d) random 17,35 34,48 15,62 50,76
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A1 z DULANFURIA R INA
82.9106 +19.1599i1 60.7859 + 9.09421 62.859 - 9.09421
61.4237 + 8.4030i 87.3967 -10.3660i 61.3426 -16.2045i
61.4237 + 8.4030i 61.3426 -16.2045i 86.4104 -12.7832i
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67.1701 + 7.9998i 24.7015 -16.69211 36.3233 - 3.2461i

24.7015 -16.6921i 79.3011 +32.9975i 21.1141 - 1.0218i

36.3233 - 3.2461i 21.1141 - 1.0218i 44.6995 + 2.5203i
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A1 z DUNUAUTUDIA D INA

35.7580 + 6.7937i

39.1246 + 4.1474i

49.6078 - 5.30331

39.1246 + 4.1474i

34.1137 + 6.10191

32.5709 + 1.9579i

49.6078 - 5.3033i

32.5709 + 1.95791

33.9153 -20.2793i1
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A1 z DUNUAUTUOIA D INA

35.7580 + 6.7937i

39.1246 + 4.1474i

49.6078 - 5.3033i

39.1246 + 4.14741

34.1137 + 6.10191

32.5709 + 1.9579i

49.6078 - 5.3033i

32.5709 + 1.9579i

33.9153 -20.2793i
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71 4.16 tgasmsSraewad wnaMItTaINE e IMA 4 Aulunsdl (a)
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32.315-7.051i

49.277 - 1.0271

48.815 +0.163i

50.976 + 1.1771

49.277 - 1.0271

35.860 -62.3751

50.532 + 0.836i

49.070 - 0.0061

48.815 +0.163i

50.532 + 0.836i

33.204 -39.1471

48.596 - 1.0801

50.976 + 1.177i

49.079 - 0.0061

48.596 - 1.0801

31.056 -16.7241
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1 z DUNLAUTUDITBDINA

28.718 -12.426i

49.675 + 0.278i

50.379 - 0.4691

49.632 - 0.1731

49.675 + 0.2781

35.627 - 7.6591

50.957 + 1.0771

51.131 - 0.3851

50.379 - 0.4691

50.957 + 1.077i

27.971 - 6.8771

49.078 - 2.2591

49.632 - 0.1731

55.357-4.0011

49.078 - 2.2591

30.138 - 8.1371
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1 a J
A1z @Nﬁl&ﬂu“ﬁ%ﬂﬂﬁT&l@WﬂWﬁ

47.274 + 7.243i

52.639-1.831i

49.669 - 0.6811

48.719 + 0.0191

52.639 - 1.8311i

80.427 - 1.9411

53.068 - 2.170i

48.862 + 0.543i

50.646 - 0.4231

53.068 - 2.1701

71.0518-37.8681

50.964 - 1.8331

47.274 +7.243i

52.639 - 1.831i

49.669 - 0.681i

48.719 + 0.0191
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1 z DUNLAUTUDITIHDINA

37.533 -14.1861

62.268 - 2.1811i

55.434 - 42691

48.447 - 0.6751

62.268 - 2.181i

77.724 -21.634i

50.566 + 0.329i

51.925 - 4.045i

55.434 - 4.2691

50.566 + 0.329i

90.910 + 6.197i

53.481+ 0.758i

48.447 - 0.6751

51.925 - 4.045i

53.481 + 0.758i

37.322 -24.0401
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~ 1 a A 4 9 ~
AT NN 4.12 UAAINT z DUNLHAUFUDIF18D1NIA 3 Glubluﬂim (a)
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J a A 4
1 z DUNUAUYUDIT 1D INIHA

44.4545 - 5.9706i

55.6711 + 5.8918i

45.5511 - 2.2106i

55.6711 +5.8918i

39.1023 + 3.9536i1

36.7929 - 4.2588i

45.5511 - 2.2106i

36.7929 - 4.2588i

41.1227 - 0.3986i




~ 1 Aa A 4 9 =
A1519% 4.13 LEA9A1 z DNNLAUFUDIAI01NA 3 AU lunsal (b)
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A1 z DUNUAUTUDIA D INA

45.2170 + 1.9319i

46.2529 - 6.4398i

49.6559 + 3.3805i

46.2529 - 6.4398i

48.7856 + 5.1962i

58.2485 - 0.0352

49.6559 + 3.3805i

58.2485 - 0.0352

43.8575 + 2.6449i

~ 1 a A 4 9 ~
AT NN 4.14 LUAAINT z DUNLHAULFUDIF18D1NIA 3 @uiuﬂim (c)

A1 z DUNUAUTUDIA D INA

43.5483 + 9.8344i

57.3383 +34.6093i

43.9455 - 0.6267i

57.3383 +34.60931

32.7836 - 3.59091

39.0168 -15.5302i

43.9455 - 0.62671

39.0168 -15.5302i

40.5706 +12.5839i

~ 1 a A 4 9 ~
AT NN 4.15 UAAINT z DUNLHAULFUDIF18D1NIA 3 @uiuﬂim (d)

J a A L4
1 z DUNUAUYUDIT 1D INIHA

66.2659 - 2.16301

44.8552 -17.81971

52.7667 - 2.5044i

44.8552 -17.81971

62.3751 - 7.3388i

68.6169 -38.8172i

44.8552 -17.81971

52.7667 - 2.5044i

54.7666 + 1.0867i
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J a L4
1z f]ilﬁ!tﬂu“]f“llf]ﬁﬁﬁl@'lﬂ'lﬁ

35.322 -22.040i

62.268 - 2.1811i

55.434 - 42691

48.447 - 0.6751

62.268 - 2.1811i

37.724 -21.634i

50.566 + 0.3291

51.925 - 4.045i

55.434 - 4.2691

50.566 + 0.329i

38.533 -14.1861

53.481 +0.758i

48.447 - 0.6751

51.925 - 4.0451

53.481 +0.758i

37.322 -24.0401
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AT NN 4.17 UFAAINT z DUWHAULVDIF1YDINA 4 @uiuﬂim (b)
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1 z DUNUAUTUDIT 1D INA

40.274 + 7.2431

52.639 - 1.831i

49.669 - 0.6811

48.719 + 0.0191

52.639 - 1.8311

42.427 - 1.941i

53.068 - 2.1701

48.862 + 0.543i

49.669 - 0.6811

53.068 - 2.170i

41.051 -37.8681

50.964 - 1.833i

48.719 + 0.019i

48.862 + 0.543i

50.964 - 1.8331

43.465 -31.3761

~ 1 Aa A 4 9 ~
A1519% 4.18 LEA9AT z DNNLAUFUDIAI01NA 4 AU TUNTal (c)

1 a J
A1 z OUNUAUFUDIA 180 INA

30.718 -12.426i1

49.675 +0.278i

50.379 - 0.4691

49.632 - 0.173i

49.675 +0.278i

35.627 - 7.659i

50.957 + 1.077i

51.131 - 0.385i1

50.379 - 0.4691

50.957 + 1.077i

27.971 - 6.8771

49.078 - 2.2591

49.632 - 0.1731

51.131 - 0.3851

49.078 - 2.2591

30.138 - 8.137i

A ' A s P ~
AT INN 4.19 UEANAT z DUNLAUBTUDIFT1YDINA 4 ﬁusluﬂim (d)

1 z DUNLAUTUDITIBDINA

62.350 -14.028i

51.925-9.527i

45.059 - 4.1201

49.856 + 3.626i

51.925 - 9.5271

42.760 - 5.224i

49.856 + 3.6261

45.059 - 4.1201

45.059 - 4.1201

49.856 + 3.626i

68.557 - 9.958i

51.925 - 9.527i

49.856+ 3.626i

45.059 - 4.1201

51.925 - 9.527i

70.192 - 9.163i
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U
HazMAA
Ha1NN13318090UDTUMINITZ oA N UINITTAINAIVOIT 100 1N ALY
@ o 4 A o 1 (%
Tnsdwsinaeun Iaaly optimization toolbox 11 T15unsuuunual Taemidwmuansdang
drwo1melureIdyqIaul “Two-Ring” TasW15ayuinIziIANTZHINIATY oy
madengli 2.3 Tasazimamdwmisvesmsianemeoimaluszoululy 4x4 Favy
Y o 1 1 A v A Y o o ] o

ladwmialuuaaznsdiainsei 4.20 TagldimssrasswariuTsunsununual nazi

M35 1AerIUIAT0IAATIZH 993918 o TamDNALALS

~ o 1 [ & 9 ann a o AaR v =
M13°19N 4.20 uﬁmwamuﬁmmmmnawmmwﬂmma‘ﬁi}umwﬂaaﬂaimimmazﬂm

MIMO AWHUINIIAINAOIMALUNNA X Y (Haduag)

4x4 Case Antenna (1) Antenna (2) Antenna (3) Antenna (4)
360-360 11.94,14.14 59.85,1.77 16.48,97.08 46.84,104.99
360-60 16.52,19.36 49.27,12.478 19.87,95.20 48.19,97.82
60-360 14.08,16.68 52.51,8.11 16.83,99.42 44.2,94.48
60-60 16.38,10.4 51.91,12.38 15.58,88.96 47.37,87.62
average 14.73,15.14 53.39,8.68 17.19,95.17 46.65,96.23

M13797 4.21 naaen z dufiuausYeIEeeINA 4 Aulunsalyudai 360 uazyusuA 360

1 z DUNUAUTUDIT 1D INA

44137 +2.431i

52.324 - 3.974i

51.552 - 1.493i

48.457-0.0111

52.324-3.9741

47.164 + 5.033i

50.782 - 1.4651

49.133 - 1.6811

51.552 - 1.493i

50.782 - 1.4651

47.943 + 0.896i

52.894 - 1.401i

48.4578 - 0.0111

49.133 - 1.681i

52.894 - 1.4011

46.435 - 1.148i
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1 z DUNLAUTUDITIHDINA

44.124 + 0.4301

47.387 - 3.394i

52.197 + 1.595i

51.779 - 0.3401

47.387 - 3.3941

46.786 + 5.059i

50.450 - 1.0851

52.630 + 0.130i

52.197 + 1.5951

50.450 - 1.0851

45.254 + 3.8701

52.701 + 0.232i

51.779 - 0.340i

52.630 + 0.1301

52.701 + 0.239i

46.715 + 1.0571

P 1 a J 1 { [ {
M1597 4.23 udaen z duiiuauguosaeo e 4 daulunsdlyudan 60 azyusui 360

1 a J
A1 z OUNUAUFUDIA 180 1NA

44.351 - 1.3771

49.451 - 4.223i1

51.872 + 1.608i

52.324 + 2.592i

49.459 - 42271

45.205 +2.726i

50.436 - 1.0711

53.174 - 1.174

51.872 + 1.601i

50.436 - 1.0711

43.185 +2.633i

53.195 - 0.344i

52.324 + 2.599i

53.174 - 1.174

53.195 - 0.344i

47.849 - 0.7161

A 1 a J 1 { [ {
M5 N7N 4.24 udaaa z oufiuauguoIa1ee1na 4 dulunsdlyudai 60 wazayusui 60

A1 z DUNLAUTUDITIHDINA

46.021 +2.017i

53.447 - 3.407i

51.645 + 1.425i

52.020 + 0.781i

53.447 - 3.407i

50.245 + 4.352i

51.572 - 0.3651

52.101 + 0.6541

51.645 + 1.4251

51.572 - 0.3651

45.677 - 0.4701

53.937 - 1.697i

52.020 + 0.781i

52.101 + 0.6541

53.937 - 1.6971

50.620 - 2.0891
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1 z DUNLAUTUDITIHDINA

43.331-1.339i

48.559 - 3.923i 52.873 +1.729i

52.334-4.512i

48.559 - 3.923i

42.215 +4.723i 49.426 - 1.271i

52.234 + 1.224i

52.873 +1.7291

49.426 - 1.271i 44.292 - 2.613i

51.421 + 1.239i

52.334 - 4.512i

52.234 + 1.224i 51.421 + 1.239i

43.849 - 0.2161
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Optimal Antenna Positions on Mobile Terminal for
4x4 MIMO Systems
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Abstract-The topic on practical implementation of MIMO
svstems for mobile communications gains a lot of attention,
recently. Due to the area constraint on mobile terminal, the
unmber of antennas is Hmited by antenna lavout. The problem of
how to design such a system in order to achieve the best benefie is
still a huge challenge. In this paper, the attempt to realize the
optimal antenna positions on mobile terminal for 4x4 MIMO
systems is presented. The amalysis is focused on the all possible
positions of arranging four antennas on vectangular area. The
spatial fading corvelation and mutual coupling effects are the
main considerations used for examining the maximum MIMO
capacity obtained by optimal antenna positions. The simulation
vesulis indicate that the besi capaciiy performance can be
obtained when four antennas are located at four corners.

Index  perms=MIMO;  mutual coupling:

correlation; capacity.

spatial  fading

I INTRODUCTION

With the rapid growth of mobile commumications, the new
services are driven by users’ demand requiring more and more
data rate. In this light, the user of Multiple Inpur Multiple
Output (MIMO) has been promisingly supported such a
requirement by providing enormous capacity as well as
maintaining spectmum  efficiency. The concept of MIMO
systems is to apply multiple antennas on both ransmutter and
receiver in order to achieve diversity and beamforming gains
[1]-[2]. The more antennas are used, the more benefits are
obtained. For mobile communications. the main concern of
applying MIMO systems is on the size of mobile terminal. In
general, the size has to be as small as comfortably handled by
users. Therefore, the limited area on mobile terminal is the key
constraint of designing MIMO systems. As a result, the
challenge is to design configuration of MIMO antennas on
maobile terminal in order to achieve the best performance.

In [3]. the design of multiple antennas on mobile handset to
devise small antenna for mobile handset was presented. The
modified PIFA and PCE antenmas reducing the influence of
PCB on the antenna were also proposed in [3], In [4]-[6]. the
modified PIFA antennas applied for MIMO systems on mobile
handset was presented. The results indicated the inerease of
channel capacity by using the modified PIFA while the
antenna configuration provided a low mwmal coupling and
low correlation coefficient. A 2x2 MIMO antennas built for
mobile termunal was proposed in [7] by using a folded loop
antenna with balanced feed and a paralled plane antenna with

unbalanced feed. In [8]. the effect of antenna placement on
PDA and the proximity of the hnuman hand were presented. It
indicates that the MIMO performance is significantly
influenced by different antenna layouts. The work in [7] can
provide the best antenna placement by comparing between
two different antenna layouts. However, the smdies in
literature do not search all possible antenna positions to gain
the best MIMO performance.

In this paper. the optimal antenna positions are determined
by considering the spatial fading correlation and mutual
coupling effect on all possible positions of mobile terminal,
The 4x4 MIMO systems 1s considered on the rectangular
shape of mobile handset. The operating frequency band is in
5GHz which support the spectrum of both IEEE 802.11
(WLAN) [9] and IEEE 802.16-2004 (WiMAX) [10].

II.  ANTENNA CONFIGURATION

The paper aims to find the optimal position of antennas so
the design on antenna types is out of this scope. In this work,
the modified PIFA proposed in [5] are adopted. The reason to
choose the modified PFIA is that it is small in size and its
characteristic of radiation pattern is ommi-directional. The
example of four modified PIFA mounted on PCB of mobile
termunal 15 shown m Fig. 1 which the dimension of each
modified PIFA is 12x7 mun’. The height of the PIFA is 4 mm.
All four modified PIFA antennas are on the same ground
plane. The relative pernuttivity of PCB 15 4.7 with 1 mm
thickness. The modified PIFA was designed to operate at
5GHz band, A 50 £ RG 402 coaxial cable is used as feeding
cable for modified PIFA.

Fig.1 Example of fous modified PIFA antennas on mnhie termunal.
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Where v is the complex receive array output, His nxn, i‘(,x' 3 J'E_,_\__ ) ’EJA'.A',?

channel matrix, x 15 transmut aray vector and n is additive
Gaussian noise with unit covariance matrix. Then the channel

matrix ( H ) is given by [11]

H=Ry'C.H,C,R}’ @

where Hw 15 a stochastic 71, x 1, MIMO channel matnx
with independent, identically distributed (iid) Complex
Gaussian random variables with zero mean and unit variance,
C,, is a coupling matrix at receiver. C. is a coupling matrix

at fransmitter, R.ii 15 a correlation matrix at recerver and R}.

a correlation matrix at transmitter.

A. Spatial Fading Corvelation

The spatial fading correlation is the correlation between
antennas due to the channel fading. This mainly invelves the
angular spread at transmitter and receiver. The matrices
representing the spatial fading comrelations of the transmit
antennas and receive antennas are given in (3) and (4),
respectively [11].

where r(d, i )

contiguous antenna element given in (5).

is the fading correlation between two

Hd, ) =exp(-23 A d, ") (5)

where Ais the angular spread and d;j is the distance in
wavelengths between the jth and jth antenna elements [12].
For very smallr(d, ). the higher order terms of the above

matrices can be excluded. Thus the comelation matrices are
reduced to diagonal matrices.

B. Mutual Conpling Effect
Mutual coupling effect is the interaction between antenma
elements, The effects of mutwal coupling can be represented

in term of coupling matrix C; 5 which is written as
Crp=(Z 4+ Z)Zr ). (6)

where Z_J is the antenna impedance, Z is the mmtual

impedance matrix. Z; is the load impedance of terminal at







each element chosen as the complex conjugate of Z_{ to get

an impedance matching for maximum transfer and I is the
identity matrix. In this paper, the antenna impedances are
evaluated by using conmmercial program named as Computer
Simulation Technology (CST) Microwave studio,

C. Channel Capacity

The ergodic capacity of MIMO Systems 15 given i [14] and
shown here in (7).

i HHH k]
C =log, | det :

where  denotes the Signal to Noise Ratio (SNR) and

(_}H denotes the complex conjugate iranspose.

IV. SEARCHING METHOD FOR OPTIMAL ANTENNA POSITIONS

In this paper. the size of mobile terminal is determined to be
as small as size of mobile phone with dimension of 100x40
mny’. The searching method for optimal amtenna positions is
performed by calculating MIMO capacity of all cases which
are possible for amranging four antennas on the space of
mobile fterminal. Only anfenna amangement on  two
dimensions 15 examined. Fig. 3 shows the configuration of
mobile ternunal which each antenna can be located on any
gnds. Hence, all possible 6,561 cases of antenna amrangement
are considered.

Next, the task to find the maximum capacity from all cases
can be reduced to concern only the maximum of determinant
of comrelation matix R and mutual coupling matnx C,
illustrated in (8).

MaxC = Max [log, | det [ Iy + p}l;[—;J
= Max |[HH”|
= Max|H]|
= Max|R}’C,H, C, R}’
= Max[R||C| (8)

First the correlation matrix R is investigated The
determinant of marix R versus all cases of antenna positions
15 shown in Fig. 4. It can be noticed that the deternunant value
of every case 15 almost equal to 1 when angle spread is large
and it 1s close to 0 when angle spread is small. It means that
the searching of four antenna positions to gain the maximum
capacity 15 meaningless for small and large angle spread.

100 mm

Fig .3 All posable antemna positions on mobie remminal.

” == ;
Ca59 of Senna amanJemen:

Fig 4 |R| ve_all eases of antenma arrangement for A =45, 100, 300,

This is becanse every antenna amangement provides the
similar performance in such an angle spread. For angle spread
of 100 degree, the maximum of determinant value can be
found by several cases of antenna amvangement. Therefore, in
this paper. five cases of the critical antenna positions shown in
Fig. 5 are selected to find the optimal antenna positions
achieving the best capacity. For mutual coupling effect, the
mutual impedance is obtained by using CST Microwave
studio,

V. SIMULATION RESULTS

The capacity is caleulated by usmg (7) with 1,000 nmns of
channel matrix H“.. It 1s assumed that both transmutter and

receiver are under the same condition for 4x4 MIMO systems.
From all considerations in the previous section, there are only
5 position cases which are selected to be examined. Five cases
are named as (a), (b). (c). (d) and (¢) according to the antenna
positions referred in Fig. 5. The average capacity versus SNR
m dB 15 presented mn Fig. 6. The result reveals that case (a)
provides the highest capacity in comparing with other cases,
In tum, case (¢) gives the lowest capacity. The results
emphasizes that the design of antenna positions is very
important becaunse it can provide the different performance
only if the location of antennas are changed. For example, the
gap between capacities of case (a) and (c). at
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Fig .6 The average capacsty vs. SNR m dB for five cases of antenna positions
referred in Fig 5.

SNE = 10 dB. is about 4 bps/Hz. Also noticed in Fig. 6. the
conventional linear amray offers the worst capacity
performance. This emphasizes that MIMO researchers have to
be aware of implementing antenna layout on mobile terminal

otherwise the performance 15 degraded from theoretical results,

Moreover, the authors try to investigate other sizes of
rectangular shape. However, the results still indicate that the
optimal antenna positions are achieved when four antennas are
arranged at the comers as shown in case (a). This investigation
15 interesting to point out the optimal design on the layvout of
mobile termunal,

VI CONCLUSION

In this paper, the optimal antenna position on mobile
terminal for 4x4 MIMO system is presented by searching from
all possible antenna positions. The simulation results show
that the case of having antennas at four comers of rectangular
shape provides the best capacity performance. This
mvestigation reveals an interestmg antenna lavoumt for
implementing MIMO systems on mobile terminal in practice.

REFERENCES
[1] a1 Foschane, “Layered space-fime archstecture for

wirelesscommmunication m a feding envisonment when using multeple
anmtennas”. Bell Labs Tech J., Vol 1, mo 2, ppd1-59, Aunmn 1996,

[2] Yonghua LiZhiqung He: Kai N Jiare Lin: “Cluster-Based Double
Bounce MIMO Channel Model and Capaciry Wireless Comnnsications,
MNerworkmg and Mobile Conypuning”, 2007. WiCom 2007, Internatonal
Conference on Volume, Tssue , 21-25 Sepe. 2007 Page(s):133-156

[3] Byung Chan Kim, Ju Derk Park. and Hyung Do Chod , “Tapered Type
PIFA Design for Mobile Phones at 1800 MH:" | Radio & Broadcasting
Technology Lab, Electronics and Teleconmumcatons Research
Instirure, 161 Gyeong-dong, Yuseong-gu, Daejeon 305-350, korea

[41 5 Vergeno |, J-P. Roswi, . P. Sabousoux, “A two-pifa antenna systens
for moble phone at 2 GHz wath MIMO applications” ; Proc. ‘EuCAP
006", Nice, France 6-10 November 2006 (ESA SP-626, October 2006)

[5] Y. Gao, C.C. Cluan, X Chen and C.G. Panm “Modified PIFA amd
s array for MIMO termunals”. IEE Proc -Microw. Antennas Propag,
Vel 152, No.4, August

[6] Gomez-Calero, .. Gonzalez.Diaz, L. Martinez-Rodriguez-Osario, B
Antennas and Propagation Society Intemational Symmpossum; “Mult-
band Planar Inverted-F Antenmas for MIMO Mobile Ternumal”, 2007
[EEE Volume . Issue . 9-13 June 2007 Page(s): 2413 - 2416

[7] Sawo, H Hayashs, T. Kovanags, Y. Morishia, H. Tokye: ™ Small
armay antenma for 1x2 MIMO terminal uung folded loop amtenna”
Panasonsc Mobile Commnn, Co.. Led. in Japan on publication Date: 6-
10 Mo, 2004; on pageisk 1-3

(8] Semw Dumanh. Yasenun TabakChns Ramlton, Donmmque Panl, and
Geoff Hilton “The effect of antenna position and environment on MIMO
channel capacity for a 4 element amay mounted on a PDA"
of Elsctnical and Electromics Engmesnng. Middle East Techmscal
University, TR-06531 Ankara, Turkey; Proceedings of the Sth European
Conference on Wiseless Technology

(9] Kapp. 5. “8021la. More bandwidth without the wires”, Intemet
Compunng JEEE Volume 6. Issue 4. Jul'Aug 2002 Page(s): 75- 79

[10] Muaymd, L. WiMAX: Techaology for Broadband Wireless Access, John
Wiley and Sens, 2007

[11] Da-Shan 3hi, G.J. Foswhm, MJ Gans and JM. Kabn, “Fadmg
Correlanon and s Effect on the Capacity of Mulnelement Antenna
Syitenn”, [EEE Tramactions on Commumeations, vol. 48, no. 3, March
2000, pp. 502513,

[12] G.DDurgin and T3 Rappaport. “Effects of Multipath Angular Spread
on the Spatial Cross-Comrelation of Recentd Voltage Envelopesc 4%
[EEE Vehicular Technology ConferenceVTCi1999, vol 2 pp. 996-1000

[13] COA. Balanis, Antenna theory Asalaysis and Design, 2 JOHN
Wilew 1997

[14] Andern Goldamsth, Semior Member, "Capacity Lmits of MIMO
Chansls”, Vol 21 no.3 JUNE 2003 pp 684-702







THE USE OF GENETIC ALGORITHM FOR DESIGNING MIMO ANTENNA
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Abstract—The topic of practical implementation of MIMO
systems maobile communications has recently galned a lot of
attention. Due to the area constraint on a mobile terminal, the
problem of how to design such a system in order to achieve the
best benefit is still a huge challenge. In this paper, the Genetic
Algorithm {GA) is employed to find the optimal antenna
placement in order to achieve the best capacity benefit. The
effect of mutual coupling based on Z-parameter is the main
factor 1o determine  the  MINO  capacity  systems
emploveoncerning as the objective fanction of GA search. Two
cases of 3x3 and 434 MIMO systems are experimentally
studied. Both simulation and measurement results confirm the
suecess of the proposed method to design MIMO antenna
placement.

Keywords=component; MIMO, Genetic algonithm, mutual
conpling Z-parameter

I INTRODUCTION

With the rapid growth of wireless comumunications. the
new services are driven by nser demands which require more
and more data rates. In this light, the use of Multiple Inpur
Multiple Output (MIMO) has promisingly supported such a
requirement by providing enormous capacity as well as
maintaining spectrum efficiency. The concept of MIMO
systems has to apply multiple antennas on both transmitter
and receiver in order to achieve diversity and beamforming
gains [1]. The greater number of antennas used, the more
benefits are obtained. Since it requires multiple antenna
elements to be closely spaced on a specific area of wireless
terminal, tlus leads to both lugh correlation between receved
signals and high mumal coupling among antenna elements,
Mutual coupling becomes a key design for multiple antenna
systems because a strong coupling results m a loss of
efficiency of the antenna systems [2]. For wireless terminal,
its dimension trends to be smaller. As a result, this paper
focuses on how to amrange multiple antennas under such a
condition in order to achieve the best MIMO performance.

In Literamures, the study on optimal spacing of linear array
was presented in [3). The fundamental multiple monopole
antennas were mounted on an actual mobile terminal. This
work concluded that the optimal spacing should be greater
than 0.2 A . However, the study was performed on the linear
problem in which the arbitrary positions of antenna
elements were not studied. In [4]. the authors had shown
thee optimization of multiple antenna pesitions to increase
MIMO capacity by using particle swarm method. The
drawback of using particle swarm method is to have a lot of
evolution times and it always suffers from boundary

problem. Moreover, the work in [4] provided only
simulation results so it lacked some experimental
validations.

In this paper, the new approaches using Genetic
Algorithm (GA) [5] has been adopted to find the optimal
placement of nmltiple antennas. GA is a class of searching
techniques that use the mechanics of nanwal selection and
genetics to conduct a global search of a solution space. The
zoal of the search is to find a good solution to the given
problem. Also. GA is very powerful and can be used in
many applications to solve problems. Only in recent years,
GA was applied to the field of electromagnetic researches
[6]. It was shown that GA was effectively employed to get
the optimal solution. In this work, the goal of using GA 15 to
find the optimal antenna placement for MIMO system. The
interactions between antenna elements as a function of
distance fornulate a complex problem on amanging the
antenna positions. For such a complex problem. GA has
become an attractive approach to conduct a global search for
a solution that satisfies specified performance cntena. Both
simulation and experimental results are undertaken to
confirm the proposed method.

1L MIMO CAPACITY ANALYSIS
A MIMO system with an antenna array on both ends is
considered i this letter, The basic expression of MIMO systens
with 71, transmut antennas and o, receve antenmas can be
represented by

v=Hx+n n

Where ¥ is the complex receive amay output, His a N, %1
channe] matrix, X is a transmit amay vector and n 15 an additive
Gaussian noise with a wnit covariance matrix. Now we can
focus on the direct mpact of mumal coupling (MC) of the
compact receive end on the MIMO channel H excluding
other possible factors which would affect the channel
performance.  Consider by n-port theory, the channel
transfer function between transmit and receive arrays can be

represented as [7)
Iy _iT
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are the voltage and current at the transmufter, respectively.
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are the voltage and current ar the receiver. The ¥ x N
matrices Lpp and Zpe are antenna impedance matrices
containing the self and mummal impedances of the wansmitter
and receiver. respectively. The matnx ZRT stands for the
transmission impedance from the wransmit aray to receive
array.  Similarly. Zm stands for the transmission
impedance from the receive amay to the transmit array _We
assume that we fix voltage vy at the transmitter and at the
recerver we put loads. We denote the diagonal matnx of
loads at the receiverby 2, = dfag[znlzn_ - ..Z;__\-:|.

Under these situation the cwments and voltages at the
receiver are related through the loads Vi =-Z; I, plugzing
this into equation (2)

Ve =(, +ZMZ_,T' _zirzr_i!zmz?)_lzxrz;p} (3)

Where [, denote the r-dimensional identify matrix. The

entries of the matrix Ly . gy, Lppand Zu are related

to the distance between the corresponding antennas. Since
the distance between transmitter and receiver is generally
much larger than the distance between elements of an array.
Since the last term inside the brackets contains the product

of Zgrand Zg it is reasonable to neglect it. thereby
obtaining

VR. = Zl (Zl +th)-l ZR‘[Z'IETVT

Vo =2, (2 4 2 ) Ziel; )

Thus, we obtain a very simple and infuitive channel model
which agrees with the models considered by antenna array
designers [8]

H=2,(2,+2,) 2 Z;}

Where the channel H can be any physical or statistical
propagation model which properly reflects the relation of
transmitter and receiver defined by Z“ . Sinece the channel

capacity is determined by the radio propagation conditions
of MIMO channel, characterization and modeling of MIMO
radio channels for different environments are critical issues.
Accuracy of the model used in design plays a vital role in
the validity of predicted system performance. For fixed

wireless application, the channel H can be considered as an
deterministic channel.

H =Z (Z +Z; )'IHZ'III (5]
& &y &y )
g Zyr = 2, Zy &y | (7
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Where Z, is the selfimpedance of ith element and Z, is the
numal-impedance between the fh and jth elements. In this
paper, Z, is assumed to be equal to Z, according to
reciprocity theorem [9] . Where the matclung-tmpedance matnx
ZL is given as

Z, 0 0
0 Z, 0 ..
z, - 13 3

00 Z,

Consider a MIMO system with both ends being a self-
conjugated matched system (Z; = Z) [10].The real and

imaginary parts of Zu [11] are given by

Re(Z,) = f?[zq(u,)-ﬁ(u,)-C;'(n,)]. ()]
Iz, )= —ﬁ[zacm— Sion,) - Si(us)). (10)
ty = kd, (1
= k(\Jdy +1° +1), a2
w =k(Jd; +1° =1), (13)

Where 77 is the intrinsic impedance of the medium, {is
the length of the monopole, & is the circular wave mumber
equal to 21/A, dar is the distance inunit wavelength and ()

(5) and S‘ are cosine and sine integrals.,

III. GENETIC ALGORITHM

GA 15 an adaptive heunistic search algonthm prenused on the
evolutionary ideas of natural selections and genstics. GA is
designed to simulate processes in a nahwal svstem which is
necessary to evolution, specifically those that follow the
principles of survival of the fimess first laid down by Charles
Darwin. A concept can be concluded as follows, (i) genes are
normally the code of the optimization parameter, (i1) a bit string
of these genes generates the chromosome and () the iteration
optinazation, called as generation, in GA is performed. The







parents are pairs of an individual that can generate a new
individval of the next generation. Children are then generated
from the selected pair of parents by applying crossover and
mutation process, The objective function which detenmines the
optimization goal is called the fimess finction. The goal of this
design in determining the design parameter is to solve for the
optinl antennas positions. The design parameter is a distance

{du ) between amenna elements. The maximmum channel

capacity can be achieved by considering the effect of nurtual
coupling between antenna elements. The fimess fumetion can
be determuned by using the ergodic capacity of MIMO

systems given in [12].
H HY
Ly, + prm (19

where o denotes the Signal to Noise Ratio (SNR) and

Fitness = nm.*z[ltzsf_ve [del

(.)H denotes the complex conjugate transpose.

IV. ANTENNA CONFIGURATION

The paper aims to find the optimal positions of antennas
so the design on antenna types 1s out of this scope. In this
work, the simple antennas, half-wave monopoles, are chosen
to be implemented in this paper. The operating frequency
band 15 m a 5.725-5.85GHz range which supports the
spectmun of IEEE 802.16d (Fixed WiMAX). The example
of four antennas mounted on PCB 15 shown in Fig. 1 The
size of a ground plane is 60 x120 mm’ . The loss of expected
frequency band is below -10 dB which is in an acceptable
condition for implementing

Fig. 1 Example of anterma positions on limited area for case (a)
four antennas on four comers.

V. RESULTS AND DISUCUSSION

The simulations of GA method to find the optimal
antenna positions on a lunited area are undertaken by
MATLAB programming. Basic parameters of evolving
process are set as follows, The crossover and mmtational pr
obabilities are 0.8 and 0.2 respectively, The population incl
udes 200 individuals. A number of generations is 200. Fig.
2 shows an example of GA simulation. In this figure the
optimal solution is achieved after 130 generations. This
solution provides the coordination of either three or four
antennas described as case (b) in Table I respectively. The
other cases detailed in Table I are as follows: case (a) each
antenna 15 located at the cormers, case (c) a hinear antenna
aray 15 spaced by a half wave length and case (d) all
antennas are randomly located. All eases are illustrated in
Fig. 3 and Fig. 4 for 3x3 and d4x4 MIMO systems.
respectively.

For simulation results, the antenna impedances are
evaluated by using a CST Microwave Studio program.
The results in Fig. 5(a) and Fig. 6(a) reveals that case (b)
provides the highest capacity in comparison with other
cases. In tum, case (d) gives the lowest capacity. This
confirms that the right antenna position is necessary to be
designed in order to achieve a good MIMO capacity.

For measurements, the mnterma impedances are
measured by Agilent 87220 Network Analyzer. In Fig.
5(b) and Fig6 (b). the result of case (b) sull provides the
highest capacity than any other cases. Both sunulation
and measurement results indicate a simular trend that
antenna positions from GA optimization offer the best
capacity performance.

Best 214301 Mean: 214297

+ Santftness
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Fitness v alue
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Fig. 2. Example of GA simulations




TABLE]
ANTENNA POSITIONS OF 3 x 3. 4 x 4 MIMO SYSTEM

Pasition of antenna coordinate (x.v) :1mim
GA

COrmer linear | ramdom
MIMO3x3 | Posl 5.3 56.8 30.5 11.35
Pos.2 | 5560 19.59 30.31.2 3448

Pos3 | 5.115 317 30574 15,62

Pos.1 5.5 4.7 30,5 17.35
Pos.2 555 482513 0312 3448
MIMO4x4 | Pes3 | 5115 13.97.75 30574 15.62
Posd | 35115 | 4551185 | 30836 50,76
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Fig. 4 Four cases of four antenna arrangements on mobile terminal
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Fig. 5. Capacity vs. SNR m dB for four cases of antenna positions
for MIMCO 3x3 (a) sinulations by CST (b) measurements

VI. CONCLUSION

In thas paper, the optimal antenma positions on a limited
area for MIMO systems are presented by using Genetic
Algorithm, The success of proposed method is confinmed by
both simulations and experimental results, This mvestigation
reveals an interesting antenna layout for implementing
MIMO systems on a limited area in practice,
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Fig. 6. Capacity vs. SNE m dB for four cases of antenna
positions for MIMO 4x4 (a) simulations by CST (b) measurements
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