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ANTENNA MEASUREMENTS/ANTENNA CONFIGURATION PATTERNS/
CURRENT DISTRIBUTION/MICROSTRIP ANTENNA/SHORT CIRCUIT

CURRENTS/SWITCHES

Nowadays, utilization of Wireless Local Area Network (WLAN) systems has
rapidly increased with unexpected rate as access points are installed as one of the
basic infrastructure for almost every building. To support this enormous demand,
smart antenna systems are considered. The smart antenna systems can eliminate
interference signals by pointing nulls or sidelobes to undesired directions while
maintaining maximum gain at the desired direction. As a result, signal quality is
improved. The simplified type of smart antennas offering many advantages without
any additional cost and complication is switched-beam antennas. They are constituted
by antenna array, beamforming network and beam selector. This is considerably
complex resulting in high expense. Therefore, this thesis designs a single antenna
element capable of beam steering. The design aims to improve signal strength for

WLAN systems.

School of Telecommunication Engineering Student’s Signature

Academic Year 2009 Advisor’s Signature




naanssuszma

Y 0o 1 Y 3

a a I 4 @ 1 1 a a
Inedwusidusogaieded e n 1dsuanurIeniaesd9ase 1A EIN5
LazMUANTUIUITE 1INYAAAAIN q laun
Y1 @ da o I (=2 a A s Aq 9
AFI0AANI19158 A5.LUATNDNT gan1sana 019150NUTne1Inetdnus 1l loma
= Yo o = 1 Yo Yo o 1 9A o o’/’ ]
namsAny awuziniaw reunilyn vezlvmdelaungiteu lngnaea 39199578
Y a a Jd 1 dy < 4
ATIOMIY Lazud I ANIWUSIaN TS vy sal
a o s A A a 4 =
vevounm Aulszna 1szaze IAINTUsEIgudinTeIleINeImaasLazina lulad
a Y] =S A oA o 9 A = 4
wr1Ingraemalulaggsuls Y8814V TLAINNINAIUIATOINBLAZYYNT Al
Ay v A X ' A Y ' A Y o = 14 a
tazveveURUN T uNafNINININ Ay lianusIemas IuaA T uInmsuay
Yo o o A a 4
Ay lviniaslalumsiIneiinug
a [ = aa Y Y] =
YOV UAUNIINIIFeMA Tu Tadgsusn Iimsaivayunumsane) Tagmniy
pgnIdninOUneInUATuayuMsIDe (@n.) Aldmsaiuayunumsinyl Suganyu
mItAnetinusiermaiaue Ui
Y A yao Y oA a Yy '
ganeil #I98vevounmINIIRdeuNnMuNIzansszaImanugAIuag 9
3 = o a = an Y ya o 1
wiluedauazilagiiu nazvensruveunsza a1 11301 IIWIIANTDIVDIFITINNNIU
Hq 9 = ) o = o oA o q YYaw
nlvimsevsuassgquazlimsmivayunamsanui lasiuededun lnsnaoa 11 11HI7e
4

9 3 = 1 =

o < a 4 [} { a a a 4
UszauanuduialudiaFosun dmsuaanuanuaoulanmaanInertinusiaui

q

e e

Eh

=

Yo Aa ady & g Ao A <Y
GU@@J'E')‘UGlT‘iﬂ‘U‘Uﬂ'I 3J’lﬁﬂWL!ﬂgﬂej'lﬁWH’fJQG]f\Hﬂu%iﬂllagLﬂ’]ﬁWEN ANDAIUATDINTUHADU

19 o

A 1 AN Y Jaaq ¥ Y- :JI = % o o =
ﬂ!ﬂﬁW‘V}ﬂ‘lfﬂu‘ﬂllﬂiﬂﬁl‘ﬂﬂﬂﬂﬁg’ﬁﬂﬂﬁﬂl‘ﬂﬂﬁlfﬁLtﬂlﬂ’)ﬁ]ﬂﬂﬁiu@ﬂmlﬁ%ﬂ%ﬂﬂuﬂuﬁ%iﬂfﬂﬁﬁﬂ‘kﬂ

14)18ée0

Wy Feilyan



CRESIL:Y

Vv
i
LN AID (VY NI) oo f
UNAATD (DTHTDINNE) ..o ses e ees e eee s eseeeeeseeeses s es e ses e ees e eeseeeessee !
D T T T N UM 1o e e s s e s e fl
I VTUI oo
LS V311 0 1 OO OO OO OO ¥
ANTUTU e %
4
Unn
L UMY oo
I o w
L1 Az @ AQUBIT UMY oo
[ o Ao
1.2 I0QUTEAIAVDIINUIVY ..o
13 SUATIUUBINITIVY oo ee e esee e
9 dy 9
14 VOANAIIDIAM oo e e oo e e e e e e e e e s e e e ees s
1.5 UDUIURNNT DY oo e oo e e s e
IR E 1 RIS TR C R R L DO oo SOOI
16,1 BN NI AUHUGIUITY 1o
= AadAa o
16,2 TZEDUUITIDY cvereeeeeeeeeeeeeee oo s ee e s s es s ss s s
163 AOTUTRINNTIVY e
164  10T00ONTF UM ITITY oo
<
165 MITAUTVUTIVOU oooroeoeeeeeseeeeeeeeeee oo
166 MTUATIZHUOUA oo
o" 1 [
A | E A N YR LR T R oA (o 5 |
1.8 AUUTENDUUBIINI VWU oo
= a d o d'
2 NQURMITAINFAIAAU ..o eeeeeeeesesssssssss s 6

= A 9/ A Y
2.1 wqygizumm@mwmmu%’mﬂ ..........................................................................



1518y (A0)

YV
i
A [ A 1 9 A 9
211 gUuDUM I FeNADIATOV RO U T oo 6
2.12  maluTadn 1 I umsaed a1 @10 e 8
2.13  wangsnlFlumionetodul3ae 8
Y A A y A y
214 TOAUDUATOUIINOIDU LT oo, 10
Y A A [ Y A 9
2.1.5  VOLASUDUATOVIENODU IS TV oo, 10
2.2 FEUUTIIO NI oo s s e s s s s e s es s s se s sees s ss s s es s essesseeens 10
221 SZUUEEOINIFAAIUUAIATEIATU oo 14
222 5UUEED AR UUTUSIARY oo 16
2.3 NATANIT UG IR oo 17
231 BULIEE IMIATIIX ceeeeeeeeee e e et e e e e e e e e eeeeeeesseeesnneeeeens 17
232 Maaeuat oUW oo 18
233 MTUSUVUIAUDGEVID NI oo 19
234 MITAANDTHTOIAIIVT oo 19
Ja A o 9 1 3
2.4 MTUNATONNUAUE LAS BT VITNOUTH oo 20
Y
24.1  @eneuduLnUIIale (open-circuit Stub) .....ccoveveevereeiiieriierieeieeee 21
Y
242  @RNOUTULUVAAIIDT (ShOTt-CIrCUit STUD) ververreeeeeeeeeeeeeeeeeeeeeerera 24
2.5 BT oo 25
a do d' Y d‘ o . A | Y Q' kY
MI0NUULTELMATIAY INAUIVUA WA IS IR eesdu 1 Sane. ... 27
3.0 DITODAUUUE VIO ovoeeeeeeeeeeeeeee e eeees e eee s e ees e ssees s es s sees s 27
32 mM3dranewann llsunsy CST Microwave StudiO.........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnns 31
Y
33 MSOOAUUUEINOUTUUULIITIUR e 57
34 T oo 64
d
SN ATOUIMAL AT YETBIR ..o 65
Y a wa
41 MINAAOUTURDQUGUANIT oo 65

tﬂy d‘ 9 a
42 AINATOU TN U LFQIUDT oo 86



1518y (A0)

Y

HiN

A3 BT s 91

5 AFUMITIVHUIAZUDITUOMUE ..o 92

dy a a 4

5.0 ATUTIOMIINMVINUT oo 92

52 VUM UOZTOIAUBLUL oo 93

53 UUINNIMITHATUOUIAN ..o 93

FUIMTTONIBN coeerreeeeoeeeeeeeeeeeeoeeeeee e eee e eeeeeee e eeeeeee e omeeeee e 94
MAFUIN

MAKNUIN N. HANTT1009910 TUTUNTH CST Microwave Studio ..ooovvevvevveeeeeeeeeeccrssereee 96

a ~ Yo A A o [l
MARUIN U, UNAWATINTN TATUMTANUTIHOUNS oo 129

va g
UTETAMAUIU o 139



MUY

=),
=
=
s

MIN

Y
2.1 ANDIHINUNUDT BULIET MALEIX cvoveeeeeeeeeeeeeeeee oo s e s s e er s 18
=) o Lﬂ' % tﬂ' 031' ~
3.1 a3UNANINYRIAIAAUNANVOI B IMAUAMAIUTIA 8 ATA .oovvvvvee 57

41 ADVTUTAUBITRYRI I cevvvoreeeereeeeesseese s ssssss e sssssss s 87



ca
.
=h.

2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

2.13
2.14
3.1
3.2
33
34
3.5
3.6
3.7
3.8

W
CARRITRE]
v q
Vv
i
AMTFOUADUUUNGUAVURD .o 7
A [l 1 9
MFFOUADUVUNGU IATIIT W oo 7
IS OITUNE WAF oo 9
FEUTIT VIO TN ITEIN oo e e e s e e e e e e s s s s s e e s s s s s s es s 11
HAAIMTANATENUVDIAAUUUEIIDINAVDITEUUANID NN RN oo 12
I'4 [ A o 4
Taseaaazo3ndlsenoUU0IT U8 INAAUUUAIATENAAU ooereeoeeeoeo 15
o 1 [} o 4
TaseadaazodndlsenoUUoITsUUa8 1INV VUSUB AR oo 17
AIUUTENOUUDT BULIET MALTIX <o e s 18
A o a o~ s Y ]
2395 NUAAIA T TUPITHIDUNIALEA TV 22
9
AINOUTULUUIIVTIR oo s ee e 22
] Aa A J Y 9 1 qaj a
2995898 T UM THIBUNUAUFAITIVDIAENOUTUUUUIVT A e 23
9 A = 2 ] ! o A
sgamelumsmouiuausA g IveITenoUTUILUNT]A
LAEU T IIUR <ot s 23
Y
AVINDUT UL UDAIIDT oo iererrer oot ere e esseoseeseeee s e ssesseseesessesesseseeses s sesseseses s sesseseenes 24
[] Aa A o 1 3 %
1995808 1UMIHIDUNUAUTA VDI ENOUTUIVURAIIDT oo 24
a o o 4 A
TA59a 519909880 IMATIAT A AU U ARREN oo 28
A A Y a
A INMALU A AIUNGNATIVTI. oo 29
ATNTLIAIVDINTEUE IUAWD NP ARG oo, 29
AN UINITDAITDTUDGEVID TN oo 30
) 1 @ a o 4
AMNUUDINTAAIIVTHUALNTUVDIMITAIATAIANDL oo 30
AU A AN LU TN ITEATIVT oo 31
uuUgUMsuEnasuvesaeo1MAuamasun luinsaa19T e 32

uuugUmsuRndsuvesdeomaamasui hilimsdaaes



Qo
=
=h.

39

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20
3.21

3.22

3.23

2

L% Y
a3y (@0)
Y
Y

Hin
puugdmsuindanuvesmeomeilamaeni lulinsaaiges
BUD B, 0 = 07 oottt 33
puUUMIHENEIIMYeImseIMALaaeni lilimsdaees
BUD B, 0 = 907 ..ot 33
[ a Q( 9 d' d' A [
dulszansmsaziouvesaeeimenlamiaoui 1NmMTan 1995 oo 34
a A 4 A ~ 1= 7
ouiAUGYOIa180IMALU AN IITNITAADDT oo 34
A8 1MALU A AENNNMITIAIIITTUNTI A oo 35
puugUmsurnaIuveIdseIMenlamasuninmsan9s
TURTI A s 36
puugUmsuHnaIuveIdIseIMIAL AN an 1993
TUNTH A LD 0,0 = 07 oeeeoeeeeeeeeeeeeeeeeee e eseeeeeeeesesseesessesseeesessssssseeeeneesses 36
HUDFUMIUANGINUYRITEIMIAL A AsNNNNTAA 1993
TUNTH A LD 0,8 = 07 oo eeseeeeeseseeeeeseeeeeseeeseeeessesee s sseeeeeseseeee 37
HUDFUMIUANGINUYRITERIMIAL A ABN NI AR 1993
TUNTH A LD B, 0 = 907 oo eseeeeeeeeseeeeeseseeeesesesessseeeee e 37
[ a Qd Y dl z:;t:l [
duilszansmsazieuvesaigeimeanlamasunimsdnieag
TURTA A oo 38
a A J a A [
auiuAUsYeITIga M) aMasuNMIan1993
TURTAL A oo 38
A1 1MAN AN AEUNNMTAAIIITTUNTH B oo 39
puugimsurnaIuveIsge Ml amasuninsan 9y
TURTA B s 40
puuzmsudnaInuYeIsge Ml amasuninsan 993
TUNTA BB 0,00 = 07 woooooeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeseseesessseeeeeesesssesseeeeenesees 40
A8 1MALUANAENNNMITEAIIITTUNTI C oo 41



Qo
=
=h.

3.24

3.25

3.26

3.27

3.28

3.29

3.30

3.31

3.32

3.33
3.34

3.35

3.36

3.37

M3tz (99)

1
Lm‘ugﬂmﬁLm'wé’mummmﬂmmﬁuﬂﬂmﬁﬂuﬁﬁmié’mqm
TURTAL C oo seee s eee s ea e s e eees s eess e sessseeseeseees 42
Lmugﬂmmviwﬁwmmmmﬂmmﬂuﬂﬂmﬁﬂu‘ﬁﬁmiﬁmqm
VUNTE C 1O 0, = 0 oo 42
uuug1JmiLm"wé”wmmmmammﬁuﬂﬂmﬁ'emﬁﬁmié”mqm
VUNTE C 1T 0, = 0 oo 43
nugUmsurndsnuvess s mAam s iindaiees
VUNTE C 1B )0 = 90° e 43
Finlseanimiazfouvesmemanamasuiiimigaiges
TURTAL C e seee s ee s e s eseeseeeens 44
Sufinaudueamee naamaeuiinTaa9951UTE C oo 44
00NN AOUAT T AT IINTE Do 45
1mug1Jmiuw'w5wmmmmammﬁuﬂﬂm§auﬁﬁmiﬁmam
TURTOL D oot seee e e eeessesseseeesesseesseeeeese bt enee s e eeessseeeesessesesssaeeeseseseeseneesesseees 46
u:uug1Jmi1,m'wé’wmmmmammﬁuﬂﬂméauﬁﬁmié’mqm
VUNTE D UIO 6, = 07 oo 46
AN AOUAT NI EAIITIINTE E oo 47
u‘u‘ugl1JmiLm'wé’wmmmmﬂmmﬁuﬂﬂmﬁﬂuﬁﬁmié’mqm
TURNTH E oo ee s e e e e e s ee s ee s ee s ee s es s see s eeseeeeesseseeseeseeseeesesees 48
Lm‘u'g,1Jmiu,w'wé’wmmmmﬂmmmgﬂﬂmﬁﬂmﬁﬁmié’mni
VUNTE E 100 0,0 = 07 oo 48
uuug1JmiLm"wé”wmmmmammﬁuﬂﬂmﬁ'emﬁﬁmié”mws
VUNTE E 100 0,0 = 07 oo 49
uuug1JmiLm"wé”wmmmmammﬁuﬂﬂmﬁ'emﬁﬁmié”mws
TUNTE E 110 )0 = 907 1o 49



Qo
=
=h.

3.38

3.39

3.40

341

3.42

343
3.44

345

3.46

3.47

3.48

3.49

3.50

3.51

3.52
4.1

U U
a1t (a9)
Y
Y

Hwin
[ a QJ 9 d' d’d [
duilszansmadgiouvssmeomanlamasunimiani99s
TUNTOE oot 50
a A J A Aa o =
DUNLAUTUDIA 1D INALUAMAIUNTNITAAIVT TUNTAU B 50
A0 MALU A ASUNTMTAANVT TUNTAU F oo 51
puugUmsuendsnuvesdse Iman) amasuniniaaaes
TUNT F oo eeeeesssssnnnnnnnns 52
puugUmsuRndIuYeITg M AMasuNINTAA 1993
TUNTH F LD 0, = 07 eeeoeetteeeeeeeeeeeee e eseseeeeeesessessessesseeeeesssssesseeeneesees 52
100 MALU A ABUNTNMTAANVTTUNTA G 53
nuugUmsurnaIuveIdIgeIMIAamasuninsan 1993
TUNTA G oo 54
puugmsudwaInuYeImgeIMmlaasuninmIaa 993
TUNTA G I 0,8 = 0° oo seeeeeeesseeeeeseeee s seseeeeeseeseee 54
A0 MANU A ASUNTNITAANDT TUATA Horooooooeeeeeeeeeee e 55
HUDFUMIUANGINUYRITEIMIAL A AINNNNTAA 1993
DT Hoooooeeeee e 56
puugUmsuAnaIuYeId s M amasuninmsan 1993
TUNTH H IO 0,8 = 07 cooooooeeoeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeseeeeeeeeeseeeeeeeee e 56
a A J a = =
duiiuaugvoImweIMaAulaidounsdl A aznsal B
NAVIUD 245 GHZ covvvvoooeeoeeeeeeeeee oo 59
a A 4 A = =
duiiuaugvosmigomaAulaidsunsal C aznsal D
NAVIUD 245 GHZ covoovoooeeoeeeeeeeeeeeeeeeeeeeeoeoee e eesessssssses e sessssssnone 59
a A 4 A = I
duiiuaugvosdwemeaulanideunsdl E F G uagnidl H
4
NAVIUD 2.45 GHZ covvvoooeooeeeeeee oo seeeesssssssnnnnnnenns 60

Y

UAANTZEL L UAL | UBATENDUT U cooooooeeoeeeseeessse s 64

AL AN RGN NTS199T L. 66



Qo
=
=h.

4.2
43
4.4
4.5
4.6
4.7
4.8
4.9
4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

2e2)

U Ll
a1t (a9)
U
Y
HiN
21995UDINMTAAIDT TASTFINUTATON oo 66
M3a02995 Iaelanu 1o Toauue e IMAN AT 19959 oo 67
[ a d{ 9 d' d' = v
Fuilszanimsagneuvosaigeneulamiasuis M ITEAIYT e 67
a A 4 d' d' = (%
dufitaUFUDIa80 1AL ASUE D T NITAAIIDT oo 68
a 9 A @ = =
VU3ZANTMIALNOUVOIAYDIMANTNITAAIIVIATH A DI D oo 68
a A 4 d'd [ = =
DUNUAUTFYDIAIIDINMANUNITAAIIDTATH A DI D oo 69
[ a & 9 A [ ~ =
FuilszANTMIaLNOUVIAIEOINANTNTAAIITATH E DI H oo 69
Aa A 4 d‘d [ = =3
DUNUAUTFUDIANIDIMANYNITAAIIVTATH E 09 H oo 70
1 qgj ) d' Y 1Y d‘
AeNoUTUINTAN 1FT WAV AR oo 70
4 ] Y
FuilszantmaaziouuodaisoInIanaesMA U BN UTU
A Aa o ~ =
1T ANTMITAAIIVTATH A DI D oo 71
a o $ [l [ 1 3 =
DUNLUAUTFUDIAIOIMANADI N VA ENDUT U
d’d [ = =
AUAITEAVIVTOTA A DG Do 71
g H 1 1 -9 1 0-91’
FuilszanimaaznouvodaIgeINANAI AU BN UTU
= d’d 3 = =
199 ANUMITAATIVIATH E D9 Hlerooeoeoeeoeeee e 7
a o 1 1 Iy 1 05/} a
DUNLUAUTFUDIAIDIMANADI WA VAENBUA U
d‘d [ = =
N R P RS e R B R ER T SR T S )
puUgUMIERNG MY BN AMAsuRNTAA 1995
Tunsal A N1A0INMITAVTIIID 0,6 = 07 wooooooooeeeeeeeeeeeeeee oo 73
puUgUMIEANE LYo Imso M aMAsuRNTAA 1995
Tunsal A N1AVINMIIAVTIHO B, 0 = 07 oooooeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 74
pUUFUMIHENEIINYeIEge AL A AeNNINT A9
Tunsal A N1ANINMITAVTIHO B, 0 = 90° coooooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 74
pUUUMIHENEIINYeImseIMAL A A s NINT A9

Tunsal B N1A010MTIATI D 0,0 = 0" woovvoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 75



Qo
=
=h.

4.19

4.20

4.21

4.22

4.23

424

4.25

4.26

4.27

4.28

4.29

4.30

4.31

M3tz (99)

!
wugUmsuAndanuvesssnmaamasuiiimsdases unsd B
A EOINNIT AT U0 ) 0 = 07 e 75
wugUnsuindnuvessenmAuamasuiimsdases lunsd B
RN AT L0 ) 0 = 007 e 76
nugUnsuindanuvesssnmauamasuifimsdansaslunsd ¢
A 1RDINNITATTUID G, = 07 e 76
uwpugUmsuAnd et manlamasuifimsdasaslunsdl ¢
A EDINNITIADTY L0 ) 0 = 0 oo 77
uwpugUmsuAndsnuvessemalamasuifimsdasaslunsdl ¢
A E9INNITADT L0 By 0 = 007 e 77
wugdmsurndsavesssnmeudamiasuifinadaes lunsd D
A IRIINNITIANTI IO Gy = 07 oo 78
nuugUmsurndsavesssemaudamasuifindaees lunsd D
A BIINNITIAIT IO By 0 = 0 e 78
nugUmsurndsnuvesssnmeauamidsuiinsdaiees lunsd D
ATRIINNITINTI 0 B0 = 907 Lo 79
wugUmsuAndanuvesssemalamasuifimsdansaslunsd B
ATRIINNTINTIO G, = 07 oo 79
wugUmsuAndanuvesssemalamasuifimsdansaslunsd E
ATRIINNITINVTI IO B0 = 07 oo 80
wugUmsuindanuvesssemalamasuifimsdansaslunsd B
A RDINNITADTU L0 By 0 = 007 e 80
wugUmsuAndanuvesssnmaamasuifimsdases lunsd F
A RDINNITTATTUID Gy = 07 e 81
wugdmsurndsauvesssnmeulamasuifimsdaes lunsd F
A EDINNITADTY 0 ) 0 = 07 oo 81



Qo
=
=h.

4.32

433

4.34

4.35

4.36

4.37

4.38

4.39

4.40

441

n.1

.2

n.3

n.4

M3tz (99)

Hin
nuugUmsurndsavesdsemeaulamasuiimadases lunsd B
A E9INNIT AT 10 ) 0 = 007 e 82
wugUmsuindanuvessenmAamasuiimsdass lunsd G
A1EDINNITIATTUID Gy = 0% e 82
nugUnsuindnuvessenmAuamasuiimsdases lunsd G
A RDINNITADTU L0 ) 0 = 07 e 83
uwugdmsuAndnuvesssnmmamasuiiindans unsd G
A 89INNITTADT L0 ) 0 = 007 e 83
upugdmsurndsavessenmenlamasuifimsdases lunsd H
A IEDINNITIAVTI LD Gy = 0% e 84
upugdmsurndsauvessenmeudamasuifimsdases lunsd H
A BIINNITIAIT 10 By 0 = 0 e 84
wuugUmsurndsavesmsemeulamasunfimsdases lunsd H
A IBNINNITIAIT 10 By 0 = 907 oo 85
Lmuﬁauazéinmﬁmﬁﬁ'ﬂﬁmumgmﬁﬁi'?u 4 0INTIBINT oo 86
HadFuanunuunivanuaiuvesmanuussvesdyau
T S YR T T L T, 90
HasFumsuanuasanuiziduvesainnuussesdayana
T ST T T L T, 90
IMAUAHABUTATNTEAIIOTIUATE A oo 97
wugUmsuAndIvestenmAmamasufingdais
TURTH A s 97
uugUmsuAndnuvestenmAmamasufingdais
TUNTE A0 G, = 0% e 98

nuugUmsurnaIuveIdse Ml amasuninmsan 993

TUNTH A LD 0,8 = 0 oo s seeees s seeeee 98



Qo
=
=h.

n.5

1.6

n.7

n.8

.9

n.10

n.11

.12

n.13

n.14

n.15

n.16

n.17

.18

.19

L% Y
a1t (a9)
Y
Y

!
puUFUMIERNGINYeIEED NI A A NN UNTAAI993
TUNTAL A D 8,0 = 907 w..oooeeeeeeeeeeeeeeeeeee e eeeeeeeeeeseseessssseee e essesseeeeeesen 99
[ a = Y a Aa [
duilsz@nsmsdziouvesaeaimeuilamiasuninsaniees
TURTA A e 99
a A J a Ao o =
BUNUAUFYBIEEDIMAL A AEUNTMTAAIIDTIUNT A oo 100
A1 1MAL AN ABNNNMITIAIIITTUNTA B oo 101
puugUmsurnaInuvesdgeImelamasuninsan 93
TURTA B oo 101
nuugUmsuAnaIuYeIdge M anasuninsan 993
TUNTA BB 0,00 = 07 oo eeeeeeeeeeeieeeeeeeeesees e esessessseeeessesssssessssesessssssseee 102
nuugUmsurnaInuveImsaImealamasuninsan 993
TUNTA B IO 0,00 = 07 oo eeeeeeeesseeeeesseeseeesssseessesee s 102
HUDFUMIUANGINUYRITEIMIAL A AINNNNTAA 1993
TUNTA B IO 1,0 = 90 oooooeoeoeeeeeeeeeee oo teseeeeeeeesesesseeeeesseesesessssessseeeeesesseee 103
[ a d{ Y A A [
dulsz@nsmaagiouvesmeeimeuilamasuninisaniees
TUNTA B oo 103
a A J = A [ =
duNAUTYR e IMALAAsNNTNIEAIT TUNTE B oo 104
A1 1MALAMABNNNMITAAIITTUNTH C oo 105
puUFUMIERNGINMYeIE B I AN A NN NTAA 993
TURTA € 105
puUFUMIERNGINYIE BRI A A NN NTAA 993
TUNTAL CIUD 0,00 = 07 oo eeeseeeeeess e sseeeeeeeeessseeeeee 106
puUFUMIERNGIINYeIBo NI A NN NIR49S
TUNTAL CIUD 0,00 = 07 oo eeesseeeeeeese s eeeeeessseeeene 106
nuugUmsurnaIuveIdse Ml amasuninmsan 993
TUNTA C D B0 =90 oo sseeeee e eeseee 107



Qo
=
=h.

.20

n.21

.22

.23

.24

.25

.26

.27

.28

.29

.30

n.31

.32

.33

n.34

U Ll
a1t (a9)
LT
v

Hin
[ a QJ 9 d' d’d [
FuszansmsazNnouvesaeoimaulamasuninsaniaes
TUNITAE C oo 107
a A 4 d' d'd [ =
DUNUAUFUDIT DAY A AIUNTNITAAIDT IUATH C oo, 108
180 1MAL A AIUNTNITAAIIDT TUNTH Do 109
puugUmsuendsnuvesdse Iman amasuninsaaaes
DUNITBE Do 109
puugUmsuRndIuYeITg M AMasNNINTAA 1993
TUNTA D IO G, = 07 eeeeeeteeeeeeeeeeeeeee e seeeseeeeeesesssesssssseeeeessesssseneeeensses 110
uuugUmsudnaIuveIdge Ml anasuninmsan 993
TUNTA D D 0,8 = 0° e sseeee e seeee s 110
uuugmsurnaInuvesdsaImelamasuninmsanes
TUNTA D D B, 0 = 907 oo eeeeeeeesseeeeesseesesesssseesseeeeeseeseee 111
[ a d{ 9 d' d’d [
FuilszansmsazNnouvesagemaulamiaeuninisanieas
dPITRE D et s e s 111
a A 4 d' d'd [ ~
DUNUAUFUDIA DML AU ASUNTNITAAIDTIUATH D oo 112
90 1MAUL A ASUNLNITAAIIVTIUDT E oo 113
puugUmsuHnaIuYeIdseIMamasuninmIan 1993
TURITOE oo s e e s s s es e s s s 113
puugUmsuANaIIuYeId s M amasuninmIan 1993
TUNTH E 0 0,8 = 07 ooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeseseeeseeeseeeeeesee e 114
puUFUMIERNGIINYI BN A A NN LNTAA 993
TUNTAL E L0 0,8 = 07 wooooeeeeeeeeeeeeeeeeeeeeeeeeeseeeeees e seesseeeseesssssesesseseeeeeeesssseeeee 114
puUFUMIERNGIMYeIEBD NI A A NN LNTAA 993
TUNTALE 110 8,0 = 907 w.oooooeeeeeeeeeeeeeeeeeeeseeseee e eeeseeeeeeessseeeeesseseeeeeeessseeeeee 115

o a 9 = A [
ﬁllﬂigﬁ‘]/]‘ﬁﬂ'liﬁgﬂﬂuﬂl'ﬂﬁﬁ'lﬂﬂ'lﬂ'lﬁllﬂﬂlﬂaleI‘V]iJﬂ'liﬁﬂ'J\ﬁ]i

dBNTA E oo e



Qo
=
=h.

.35

.36

.37

.38

.39

.40

.41

.42

.43

.44

n.45

.46

n.47

.48

.49

.50

U U
a1t (a9)
LT}
t

Hin
a A J A A [ =
puNLAUGY A0 M AL AMAIUNTMTAA AT IUNTA Eoe 116
100 MALU A ASUNTMTAANVT TUNTU F oo 117
puugUmsuHnaInuveIdse MLl amasuninmsan9s
TUNTOEF e 117
puugUmsudndInuYesega M amasuNINTan1993
TUNTH F 1D 0,8 = 07 oeeeeoeeeeeeeeeeeeseeeee e eeeeeeeeeeeeseesseseseeseeeeessesssseeeeeeesss 118
nuugUmsurnaIuveIdseIMelamasuninmsan 993
TUNTAF U0 0,00 = 07 oot esseesee e seeee s 118
uuugUmsudnaIuveIdge Ml anasuninmsan 993
TUNTAF IO 6,0 = 90 oo sseesee e seeee s 119
@ a & 9 A A @
duilszansmsaziiouvesaeoimatlamasuninisaniees
TUNTOEF st 119
a A J A A v =
DUNLUAUFYDIA D IMALLANABUNTNTAANIT TUNTAU F oo, 120
o0 1MALUAHASUNUMITAANVTTUNTH G 121
puugImsudwaIuveImgeIMmlamasunimIaa 993
TUNTO Gt 121
HUDFUMIUANGINUYRITEIMIAL A AsNNNNTAA 1993
TUNTH G IO 0,8 = 07 oooooeoeoeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeeeeeeeeeeeeeeeeeeeee e 122
HUDFUMIUANGINUYRITEIMIAL A AsN NN AR 1993
TUATH G IO 0,8 = 07 oooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeeeeeeeeeeeeeeeee e 122
puugmsurnaInuveIsgeImelamasuninmsanies
TUNTAL G 1D B, 0 = 90 oo eseeeeeeeeeees s e ssseeeee 123
[ a = Y A Aa [
duilszanimsaziiouvosmeomanlamasuninsan9as
TUNTA G 123
a A 4 A Aa @ )
BUNLAUTUDIA O INALUAMAIUNTNTAAIVT TUNTU G o 124
100 MALU A ASUNTMTAANVT TUNTU Hoooooooee e 125



Qo
=
=h.

n.51

.52

.53

.54

.55

.56

a3 (99)

¢
@
Qo

puugmsurwauveIsgeIMelamasuninmsanies

N15ANINDT

=D.
fad)}

puugUmsuswaInuvessge Ml amasy

VUNTE H U0 0,0 = 0% oo

N15ANINDT

=D.
g}

puugmsudwaInuveIsge M aasy

VUNTE H U0 0,0 = 0% oo

nuugUmsurnaIuveIdseIMelamasuninmsan 993

VUNTE H 0 0= 90" oo

[ a 9 = A [
ﬁllﬂigﬁ‘]/]‘ﬁﬂ'liﬁgﬂﬂuﬂl'ﬂﬁﬁ'lﬂﬂ'lﬂ'lﬁllﬂﬂlﬂaleI‘V]iJﬂ'liﬁﬂ'J\ﬁ]i



dy dyd a = I ) v A a 4 o dy

Ll!f]W"ITLJ‘U‘VIu!,‘]JLlﬂ']i’f)‘ﬁUWﬂﬂ\‘]ﬂ'JTlJL‘]JuﬂJ"ILLﬁgLﬂﬂ@j\iﬁl‘ﬂﬁ'lﬁﬁﬂﬂﬂﬂ'luwu‘ﬁﬂﬂﬂu
4 k4 [~ o W @ J Aav
#9U52NOUAIY ﬂ'J13J!‘]J1!11'ILLa$ﬂ'J"IiJﬁ1ﬂi‘gﬂl’ﬂﬂ‘ﬂﬂc‘l?ﬂ 'J@]Qﬂi%ﬁ\iﬂsllﬂ\iﬂ"lu'mﬂ UHINNNIT

o a a o P 1 Yo 1 a a 4
ANUUITUIVY ﬂiziwuﬂmmwﬂmu HazaINUILNoUVBIVDIINGTUNUS

1.1 anuilwnuazanudnyvesiam

Pagtiuiidiuaudldauniedietesduiie1¥a10 (Wireless Local Area Network :

gﬁg} [l 3

< Y | ' o 9 a a’j Y =X
WLAN) U1NUUDYINTIALT Y Iﬂﬂ%%ﬁ’iuhlﬂ’ﬂ@1ﬂ1iﬁ3u1ﬁﬂﬂu‘ﬂﬁ]ﬁgﬂuﬁﬁu%ﬂﬁﬂi]mﬂnﬂﬂ

a

X o

Ayl (access points) d1miunseutenesdu limeauamisonan’lan yaudideday g

g 9

v
[ 2

[ [ 1 A A < 1 {o o o o
dmsunseanenosdu l$masunmailudinlsznovndidgydmsunnernts daiuszuuy
A 0y A v 2 Y a = £ v o vq ¥ Y A
e eNnedu 13eedsdosligunmnunindurazanninsossusiuaud o lamsane
as & A Y [ 1 A 9 1
Trianansouniyiainaine Ny s UUa189INIANG (smart antennas systems)
' Y Y o v A o & o o
srUvAIgINmNIlsznpUAIsEERIMAKAIY 9 AUNEINTAG N UL IE 1A
M wnuszuulszauanadyanu ssumeeImensasoRudmaunan ludeiemg
Ay o s A ¥ v A o =2 o q ¥ a o
A5 naziugaguiniend e lldnanwesdygiauninagea i ldmsinagaoy

o v 1 = o d? v vq 9 Y
wanaluudumus wuyuese1ns Ianuussvesdnyanuuniu dawaldldaulda

e e

o

o Y o = dd? = 9 A
Llﬁgﬂxﬁﬂ'IGLWffiUuﬂJU']mIﬂfJi'HJllﬂmﬂ1Wﬂ€Uu®ﬂﬂ38 IHUDINNTINITRAANANTENUUD

2D,

(%

U
Y =& 1 a o A . I
ﬁﬂ]iy’lmllﬂiﬂﬁ@@a\‘]]lﬂ FITL VU1 IMANIUVUFAINTA1AAY (switched-beam antennas) Lﬂu

5]

1 & A Yo a I~ (] A
seuuaeeIMAnlsennvilei ldsuanutsuiuedranin Taghruuiaige1nauyy
a dJdo A Y Y o 1 A Ao 1
masanaulsznoudie meemanate q Ausaneluglunuaie q nFefiizennaee1me
198191 (antenna array) 1059918910308 1AAU (beamforming network) HazA1adNA1AAY

(beam selector) FeianududoulumsaiilnsaitensgldrnaundesordomsSumlanas

a 4

Y 9
uounagavesdgara M ldinannudulieddunmsadeszundinann auiuineriinus

A A

Y v
ﬂﬁﬂﬁ%\‘ihlﬁlﬁu@km%ﬂﬂﬁ%gﬂ’t’)ﬂlm‘ﬂﬁ$‘U‘]Jﬁ'lﬂ®1ﬂ1ﬁ!,ﬂQ%HﬂﬁWﬂﬂ?ﬂWﬁlLUUﬁ’Jﬂﬂ?ﬁ?ﬂﬁ Ny

% 9 = 9 o' 9 = 9 =S ] o ad a g 1 o [
FUFOULUASNAUNUAT TaglFarge1maiesauneIsINALINRTOANNToUNTE19I8T MU

@ [}

A 4y A yy i v A o yya A a 2
Lﬂi’mﬂﬂ‘ﬂﬂmu”limﬂ "'INﬁ]ZfJﬂﬂ!L‘]J‘]JGh"iﬁWiJ']ﬁﬂﬁﬂ@l\‘]Ul'J‘VIﬂ'JaﬂGUTﬂ LHBIDTINNTIAANA]

U



1 yA 9 K2 o = o 9 s A A A ] 3 4
ixﬂ‘uﬁwmmmmllimﬁ]mﬂnmﬁiyjy,”lmuﬂ’nmﬁmau!,Laxim”lgl&lﬁnﬂmqq ml’l‘ﬂmmum
o

Q

9 o

v Y
szuume NNyl dgygrasianuAanaIn ANNAANAIATUIZAINARDR 1Fa1U
dy d‘ Y a
noaulununnuing
= a o 4 1 A9 o a o o A 9
1NMIANYIYTNANIITTUNTTUNUI ABUANAUINTAIATAIAAUAIST 1D INA
MeaduAe) §2981919U91U398U09 Nakano, H., Eto, J., Okabe, Y., and Yamauchi, J. (2002);
.. 2 I~ AA o I Y .
Chang won Jung, and Franco De Flaviis (2004) Fuduaro1nanianyasitunuvioy (spiral
{ o a 4 a o 4 o ] 1] 1
antenna) NDIAUANIIDTAUN TAsMTaIAFaINaUILATEMIIUMTUTUANVEIVO AU
) ] £ o o ' ' o ] A ] A 9q ¥ A
azd9vedurios Fananmsaanan lumunzausomsldauludunedeuidldauniing
d’ d‘ [ 9 A 1 Y Q' 9 (%} 1 a o
wasud i Mslyaulunievienesdu 1fae d1e6199147398v03 Huff, G. H., Feng, J.,
I = 3 9 [] % 1
Zhang, S., and Bernhard, J. T. (2003) Wluageimaianyaziuziiunessunu uaauisn
a o o d' o\ A W 9 ~ o oA o Y d! d' 9
aIagainau lasnsilaaie1a9sniedalcasvesdunesndurianivua i suiiedoams
a dJdo A a A Y a A o A o ] ) Yy 1 a J
aavarnanluneniadu ndeatlaargrnsniedalrcasndwmualny iild luaunseadiag

1
o L] =1

draauldlusiui ondred1anielaun 91u398U09 Mehta, A., and Mirshekar-Syahkal, D.

L4

=L g Ao [~ A A A a
(2007) FuiluageMaANTanyuziluITOUAINABN (square loop antenna) lAsNNIIAINY
o zﬂ' 1 d' o ] Y 1Y o Yy [ [] [ d’d
dmaurumslasudwrisvesilouduaiu wlidewerdelnsaienmstloudyaiuni
Uszaninmge Imsuenuezdygralunssiiinanistlounas himanmsfloudygran

9 Ao w 9 =\ Ia A A Aa A ) 1 A
gnAed uazidngdeslimsuuagoniivausnilszaninmgalunn q dumnishimsilou
Y

dyarauaz lilinsfloudyyia uena1niidelid1o61991u378v09 Ngamjanyaporn,
P., and Krairiksh, M. (2002); Ngamjanyaporn, P., Phongcharoenpanich, C., Akkaraekthalin, P.,
.. & Ao 3| oA ~ v o = a o o A
and Krairiksh, M. (2005) @uilusieeinmanianyaziiuuiudaouiaia Gaaiarainauy
Tagld laToadiu (PIN diode) 1ii0AILANNITAAINIT F991UI98UDI Ngamjanyaporn, P., and
Krairiksh, M. (2002); Ngamjanyaporn, P., Phongcharoenpanich, C., Akkaraekthalin, P., and
o = Aa v < ' A v
Krairiksh, M. (2005) H ifluaiunianuihauluduediannn hosain Iaseds19ue9d180 109
(Y] <3 @ a o 1 1% 1 ) 4
ligudou Jvuean vazdilidunulumsnaadl uadiveimeadinananninadudnau
4 Y
1@igagoanianiandanIndumniu
a a J @ dyd Y 9 = A a o
INUNUTRTVHIIADINTOONUUL 8D IMAAUASINTANNA T IUMTEING
o A 9 a o a dJdo A A T Y A I ¥
dnauldvannatenanie Tagerdomsaiuqumsaiaddinaundie hisudou e ldla

A o v Y a Ay ° o v Ay A
JeUUNUUUIRLAN mmaasl"mmhlmlﬂuammunum l‘ﬁﬂﬂgﬂﬁJﬂ’lﬁi%\ﬂUiULﬂﬁ@ﬂl’lﬂﬂ@Qﬂu

15ee



1.2

TagiszasAvesanIe

A Y A a Jdo A 9
LW@@ﬂﬂLLUULLa$ﬁ§"Nﬁ"]EJ@']ﬂ']ﬁVIﬂJﬂ'J']?Jﬁ']N'Iﬁﬂ11!ﬂ1§ﬁ?ﬁ“ﬁﬁ?ﬂaUIﬂﬂisﬁﬁWﬂﬂﬁlﬂTﬁ

=] Y A A Aa A 9 A 9 a Y
NS ULAY LW@LWNﬂi%ﬁVI‘ﬁﬂTWGl‘LJﬂﬁGlﬁIN11.!58‘]J‘]Jmi®‘ll"lfl‘ﬂ@dﬂuuliﬁ1ﬂ

1.3

1.4

1.5

1.6

a a W
ﬂ?»l?lﬂﬂ'li!"llﬂ\‘iﬂ1i'3‘ﬂ£l
131 szuuagemamnuuuadasanauansamulssansnmnsldauaes
sz eenesnu 15ameld
A Jdo A v a YA
132 awnsaadarainay laslsaeemaiesauaed
v Ay
VDANANUUDINU
Y} . . ° X 9
141  1%71sunsy CST Microwave Studio JUN1T91ADILVUAIEDINANTIAY
d! a o o 4’ [
FIAWITAINTFAIAAU 1AUNITAAIIDT
142 @5 naeeIniAaIunuui1aes taziauuugUn1suHNE 991 (radiation
pattern) W3 suisuiunan laan Tusunsy
4 9 £ ¥ v a
143  nagovuagemanas 19vumMelaannindouasa
= W
YBUIUANIIVY
151  eonunutaziaodnaaieomalasls 1asuniy CST Microwave Studio
152 afuameemanuuuuiiass uazdanuuglmsudndsaulSeuioununa
910 Tals1nsw
0 Y
153 wadouluaninuiadsuasenieldiasevrenesdularensareeinia
AUUVY 1AL EEDIMALLLTDUNFANI
a 4 =1 ~ Y v
154  wpsizvina lagSsuiieunavrs @180 1A UL UA U189 1N AULUT oY
NAN
AaA o a a v
IFAUHUNTIDY
1.6.1  HUINNMTAUTUNIUIY

Y @

o a o 4 aw { A a a 4
1) §15991/3Menissunssn tazITENNEIVEINUINGIUNUT
2) ANMERANEINUTZUUAIB0 1NN

3) eanuuumesIman lganulunsoviedeanu 15ae



1.6.2

1.6.3

1.6.4

1.6.5

4)  aanvudiiaealasld lasunsy CST Microwave Studio

5)  a@dnmeoImaauuDiians wazdauuugmsudwasaulSesuiion
fuwan ldanTusunsy

) a Yy A 1y A gy 2

6) nadouluaninuiadenasimeldinsovreiesnu 1¥aenaiso1nea
FUULY LAZ e IMALVUTOUNANI
A 4 =l = Y v

7y AasigvimalaglssunsunaveaaeeMAd UIUUN U188 INALUY

FOUNANI

)

~ 2 v | awv 7L o a v dy
T2LUYUITIY LﬂHQTH’J%ﬂﬂS%Qﬂ@ mmmummmﬂiﬂmmﬂma”l‘ﬂu

< o ao
ﬂ‘lelHlaglﬂ‘]J'H"J‘]J'i'JiJ"flijyai@ﬁlﬂ’lﬁﬁWﬁ'ﬂ%ﬂiﬂﬁu'ﬁimﬂi'ﬁlllla$\‘ﬂu

b))

1) N3
Av A A 9 v A a 4
NNYIVBINVINGIUNUT
2) senuuuageInian lgauluszuuasevienosdu e uazaing
upusandIaels 15005y CST Microwave Studio
3) adnmeeImanuuDiiaes uazTanuugUmsurndsaunlssuiion
fuwan laan Tsungy
¢ a Y A Yy A 9
4) naaouszuuluaaumsaiasanmeldmsetnenssduliae
a o = =} o A 9 a
5)  Aps1zvina laelSeumeunUMNaUeITLULN 1Fa1801MALUUITOUNANI
AOUNININTIVY
Y Aav a va A 9 A A a o =
Woddveuazdiamsdeas 1ia1e 01msniedie 4 unaneaemalulad
g3uT3 111 aUUNHIINGNas @ g3uls 0. 1109 9. uUATIIFTUT 30000
A A A 9 aw
1A30IUON 1% NIV
1) 11J51n51 CST Microwave Studio
2)  Tisunsuuunuan (Matlab)
4 a 4 ]
3) 1A509UATIZHIIDTUY (network analyzer)
<
MINVIIVTIWT oY
3 Ay ¥ ° ] .
1) NUNaMTNaasuN Ida1nmss1ainanl18 115Ny CST Microwave
Studio
< o ] @
2) umamsIaunugUmanHnaany
d .
3) AUFHANIINAFDUN 1d91AMINAAO U INAR ULUVLAS A18DINA

a ¢ a Y A 1y A yy
!L‘U‘U‘if]‘UTlﬁﬂNiuﬁﬂWuﬂﬁmﬁ]iﬁﬂWﬂimﬂiﬂﬂﬂﬂ‘ﬂ’E’Ni‘luhliﬁﬁl



166 MiATIZHYOYA
wah lannmsnadeuanuuselumssudyausznindisoimadunny
@ a ) a g a o
fudigemanuuseuiansezgni lldnsizduazaginanisively

siunvveIns I

d v VYo
1.7 dslaminaanazlasy
F2 Y a o o A 9 = ~ 9 A 1
1.7.1 Ulm8‘1J°1J61uu‘mJfd”lEJfJ1mﬂﬁ3mmmamm‘umummﬂiﬂuiz‘umﬂmﬂnﬂ
nosoulSmeld

172 awnsamulszansommms lganussuumsesans13ans

Y a a 4
1.8 auilszneuve I neniunUs
a a 4 o dy Y
MNUNUTRUVUUTLNOVA2Y 5 UN
d‘ 3 o 1 = 3 o I o
uni 1 Wuumit nanasanututazanudidyvedilyn Jagilszaenves
Y
UV VOUIVANUITY FUUATIUVDINITIVG ToANAUTDIAY VO LIUANTUINE IFAUTUIIU
Ao S 1 ]
douaziszTominaaineg'1dsu
- Vo= A Yy A 9 =] Y
UNN 2 NA1NDUATEVIENDIAU 1T a8 T2UUA1EDINIANG FITEnoUAIBTLUY
[ a oo 4 1 [ ) 4 a [ o 4
80 1IMANILUUAIATEIAAULAZ TLUTIgoIMAN LU Ud Ay matamslsudinau
Y
Ja o 1 1Y
HazMIuuasountaus lnsldaenoudu (stub)
d' 1 = a o o A 9 ~ o Y] A [l
UNN 3 NA1IDINITOONUUUEIZDINATIAFAINAULVVAUALITIHT VAT OVUY
9 A 9 o 4 .
Nnoanul¥ae vazmssiaeawalulalsunsy CST Microwave Studio
4' U = [ Y Aa vAa £ 9 ] [
uN# 4 na1dawansianinvealqiianssalseneualguuuglmsudndsay
d o o dy A 9 a
ms Inalss ons1vens uazwamsnageuaNuussvesdyam lununldauss

1 =<

uni 5 ﬂaTJﬂ\‘lﬂﬁﬁiq‘lJWﬂ %’amuauuzummmﬁ”lm tazuuIneMsian lueunan



UNN 2

= A Jdo A
ngeHNMIaINTaInau

S = 2 A 0y A 9 o2& P
°]J°Vluﬂﬁ']')ﬂ\?“l/li]‘lﬂ!%]ﬁgUULﬂﬁ@‘lJ']fJVI'E)Qﬂulliﬁ'Tﬂ FTUUEI9INIANN F9U52NoUAY

1 a do 4 J [ ) | a @
3Z‘]J‘]Jﬁ'lfJfJWﬂ']f’TLﬂ\1LL‘U‘Uﬁ"Jﬁ"]fa"lﬂaulla$33‘]J‘Uﬁ?ﬂﬂTﬂ?ﬁLﬂﬂllUUﬂiUﬁWﬂau MALAMITUSY
o A & 9 = a o 4 dyw 1 = =S ‘a A 4
aWﬂﬁu“]Nllﬂ%Wﬂﬂ'lﬁﬂﬂ‘lsﬂllﬁﬂﬁu’ﬁﬁﬂ!ﬂﬁﬁm UINIINUINNATININGHYNITUNATDN WAL Y

Y
Tagldaenoududnaie

= A v Y Q' 4
2.1 TIqyﬂigﬂﬂlﬂ§9m1ﬂﬂﬂﬂﬂu\lﬁﬂ1f]
= A 9 A 9 . [
‘m]ygizuummmwmmu“limﬂ (Wireless Local Area Network: WLAN) Wuszu
a 1A U A a 4 A A 1 A a 4 9 A
MIAAADADEITITHINIATOIADNNAADS 2 1ATDI NIDNGUUDIUATDINDUNUADS Tagldnau
Aa I o A 1 A 1 o & 3 A A 1
anudIngiludinarsniedesnenisdedissznineiu Fudumsunuiszuumniois
NoIDULU VN ENBTZUVIAY (Local Area Network: LAN) fil4anelumsidennanu il L
' 9
doalimaauaedsdyana tazdedwma lUdadldauldannsaldouldazaingau
A I
211 sluuumsivensemsevienesduliae
4 1 1 1 Y I 4 1
MIFOUADUULNGNAIUAD (peer-to-peer 130 ad hoc mode) 1T UNMTITFOUAD
@ 1 A a o 19 ] Y KX o .
nulaeasaszninunIesnoununes lae lidosriuaadndadaana (access point) iz v

9 = [ ~ 9 < 1 a 3 A (=} 9
ﬂ13ﬁlcﬁﬁ1ulﬂﬂ’3ﬂ'ﬂ\ﬂu‘ﬂﬁ@\‘]fﬂiﬂ'ﬂﬂJi'}ﬂLﬁ'JLLﬁZﬂ’JnJ\ﬂEJGlUﬂWiﬂﬂ@NLiJfJVllliJIﬂi\if;’fﬁW\?

Y 9
Y] []

Aug oy luaniuiiiv o wu mslseguuenaniui

A I A 1 1 1 o Y A a 4
Eﬂﬂ 2.1 L‘]JUﬂ"ISLGU@M@]ﬂLL‘UUﬂQNﬁ'Ju@'J U52noUnI1uIATIABNNIADS

1] Y
a 1A a (%

] t:' o [ "9y ] Y =K A ] Y aA 1
ﬂﬂl']fJV]ﬂ"lﬂ?ﬁ@lﬂ@]ﬂﬁi’)ﬁ"lﬁﬂuiﬂﬂulll@]’f)ﬂW']u%qﬂlell']ﬂ\‘llﬂﬁi’)‘ll'lﬂ VOAND AANINY LIASTSAIN

B, D

a % =

PNTUIMITIAMS uanaFeuasuvunguaIuaaiidoideludunmsinyinnuilasans
9 d‘ = [ v A2 9Yq Y o ]
Youdoya o luliszuumstlesiulugduuvveuiyddls uazsdann
A 1 U 9 . I A J Y] ] 4
MIFoNABLUUNGN 1ATIe519 (infrastructure) (T UMIFRUABAUN UG NTA]
[ £ I @ o 9 Ao v 9 1 4‘ a J o = ]
ATzeTyaIvuFUIUdIna 19NN VA IU9YaTEHI1UATEIABUNAUABT N1IATBUY
9 Y A = Y [ R o AN o v o 9Jq 9
1Fmelidunseteiias Tasdnsenedyararisiivadinalumssessuduangldau
A o Jq 9 = ) Y <3 A A [l 9 9 1o @ dy
winddnnudldaunnaziinaildanusvesmsdemaniovie 1idedas uailagiinil

4 1 1 9 I A A 9 v 1 1 A 1 9
Mstroudanuungulassaudunieuldnuegiaumivaie 1eanningaauluaiy



ti' d‘ 1 1 1 2
E‘]J“I/I 2.1 MIFBUABLUUUNGUTIUAN

] A @ A @ A [
ﬂ’J"I?JLi’JGUE’Nﬂ?iﬁ@ﬁ?i@]ﬁi’]ﬂ%uﬂ’ﬂuﬂﬁ@ﬂﬂﬂiuﬂ"ﬁﬁ@ﬁ”ﬁﬂﬂuﬁﬂﬂiugﬂﬂ 2211w
A 1 U 9 a A A a 4 ] 9 ]
ﬂ?iL%@Nﬂ@LLUﬂﬂQﬂJIﬂiQﬁﬁN Iﬂﬂiuﬂﬁ@]ﬂ@ﬂﬁ@ﬁﬁﬂlﬂﬂmii’Nﬂ’t’)iJW’Jm@SQﬂEU”IEJﬂSG]@QNWH
A 1 @ I o a 1 A 1 [ Y AaA =\ [
ﬂﬂl%ﬂu@]ﬂﬁifgq‘ﬂﬂllﬂu@?ﬂa%ﬂuﬂ”l'i@]ﬂ@ﬂﬁ@ﬁ”lii%ﬁ’l”lﬂﬂu Yoane Inwdasaneslu

msaeastoya iesnniiszuutlosnulugluoutin®dduagmsidiswa

) (&

d‘ A’ 1 1 9
g‘]J‘VI 2.2 ﬂ?il%@ﬂ@]@tlﬂﬂﬂ@‘ﬂiﬂiﬂﬁiﬁ



212 malwlaanldlumsdsdayanalioe
{ T o [
maluTadn 1 lumsdsdyanal¥aie wiailu 2 dszian fe
g9 A Aa g
D suunlsaauanuding uiuilu
1< o oA A =
Narrow Band Technology : 1WUNTTU-a94NAIND 902 MHz D49 928 MHz
2.14 MHz 4 2.484 MHz 118 5.725 MHz 09 5.850 MHz 195 lumssu-aedoya szrdnsdunis
% =} d! 1 1 3
nulanemaiisaniagmniy
I { A 8 {
Spread Spectrum Technology : tHvna TuTadndeu1du1n Feldaud
173197791 narrow band technology Tag spread spectrum A0 FI9NNDTTHIN 902-928 MHz
1ag 2.4 —2.484 GHz
2) nuudlddgarusursusalumsaade Tu-dedoy
o a I 1 2 [ 4
draedunsnsa (Infrared: IR) 1 udIUMHevesddnasuvosnay
] I ] < Y A ] 1 A Ao 1 =
wiman Wdh Teas ldainsoveaviuld ilesnnegluduanudvesasiidinimddung
A < v o Y A A ] oA A a &
msweunuld gminnldavensdemsszez 1nd gaandeo aauaumaiuuuinse 31190
1 1 9 129 o v A ] ] [ A A a 9
uazdefoms 15 uatdednane hidunsanzgiuingruiodinaugla
213 nasgruilslunsenenesdulime
{ o adg a
PIANTNMMUANIATTIUYATNHMNTTUBIANNTOTINE AD (Institute of Electrical
. . Y o A ] 9 Y o @
and Electronic Engineer: IEEE) hlﬂﬂ1ﬁﬂﬂu1ﬂ§§1um‘iE)“lﬂilll‘iﬁw Taglenismvuaaua
v o (] I v W
802.11 LAININAILAIBNYT 19U 802.11a 802.11b 802.11g 1@y 802.11n tHUAY  @28nHI
aptioazruedInguidmuaasgiu Taslunaaznguagiimsianianuaiuiso
Yy a A 1 a
voasz U Il ssanTamganiuay
= ' o A A £ ] )
11A39 W IEEE 802.11b 158091 Wi-Fi n3emsdod1s 13deanuiagaldy
malulag (Complimentary Code Keying: CCK) HUINNU (Direct Sequence Spread Spectrum:
A o g Yo 1 Y v 3 A 1
DSSS) Wioliulgannuausovesginisl InsudIdoyan1snWTIGIgAN 11 Mbps W11
A Aa I (] AA a 1 . . . .
AAUANIIUDING 2.4 GHz WugruaIuaniGena (Industrial Scientific and Medical: ISM)
2 o Yo o v Y a s o "y
Fagniadss Rdmivmsldauludugaamnssu Inermdas uazmsuwnd Taelides
1 o 4 H 1 g 1 @
yooyananeuti lUldnu Taegdnsainldanludiunindilldun Bluetooth Tnsdwii 15a1e

v E4
wazia luTasd drulvajudrqunsainldeognniuilveiiugunsaliaiuuinsgiu

'
AYov @

4 a & A v o 2
IEEE 802.11b Cﬁﬂlﬂumiﬁ]ﬂﬂuﬂGlHUTN Wi-Fi Lﬂutﬂﬁi’)\ﬁ’il]']EJﬂ'liﬂWQﬂﬂTWu@sUuQiﬂﬂﬁﬁJWﬂll

G

(Wireless Ethernet Compatibility Alliance: WECA) Tag ©) YnsainldsuinSeanuionisdn

[ v 1 J 3
ANNAII TﬁﬂW"Il!fﬂﬁ@]i'ﬁlﬁ@ULLgUWUUTLﬂuklﬂ@'l"llllﬂ@]ij"lu IEEE 802.11b LiZ 10159



o 4 -
37U 2.3 1AT09MNY Wi-Fi

v
o

15 wruginssiaredn q lavziiniesnanedaaalugii 2.3 Aneghginsaidniu

u Q

e

£ 2 o ¢ . o8 y = A o g A D]
Fauaaadadaanyal Wireless Fidelity: Wi-Fi 1009 ganaanmuain1g o Aawisnls 1a
fumesgiumseteneniaumesuuy 13a1e (WLAN) Gsoguuinsgiv IEEE 802.11
B Yq ¥ a P
U139 IEEE 802.11a Fald1HinaTulad (Orthogonal Frequency Division
. . ~ o q Yo 1 Y Yy o <
Multiplexing: OFDM) Tagtin15U5u1/3annuaimnsavesginsal 15 uaatoyan1e9a3 132
42 2 4 D et o 4 da o
MAnIul sz 54 Mbps @z 1531uNA100 5 GHz Fudlugiuanudasisasnldau
TulszmaansgowImilidyanaunsnaoannginiaioutiesninludiu 2.4 GHz Yo1de
dyd [ = vq Y 1 A w 1 1
Younasguine luulszmads liimseyanalildauauanudainarngulszmalng
1 H ] Y
1119991N81UA 10D 5 GHz Idgniadssdmsunanisovegneuudl uenvinisal
[ = 1 9 3 £ 3 1 v Ao t4
voddyrIulvuIaneuIIdu (s 30 1uas) FadunNIaldyyr1vuveglnyol
Y A
¥1A551W IEEE 802.11b 9n119517190491/nTainoutnegeniuinsgIu IEEE 802.11b Aa1iu
4 = Yo a 9 1 o
gilnsal IEEE 802.11a 34 1d5uanuieuiiosningilnal IEEE 802.11b
o < 1 @ o 1
W13 §1U IEEE 802.11g @i uayun11521u%931A 891U AU IEEE 802.11a 1A il
B2 a o L4
AMANNA backward compatibility Tagldmatiansulasdyanauuy OFDM giUnsal IEEE
J o ' @ @ 4 Y
802.11g Hau1sni19Iuswiunuginsel IEEE 802.11a 11ag IEEE 802.11b 18 d2e1ma il

a

vidndwandalananginsal IEEE 802.11g 1@ 115051915 20U IEEE 802.11a IEEE

q

802.11b dawa I ilagifuiigunsal IEEE 802.11g 1a5uanuiiouiluediann

a



10

Y A A ' t% Q’ Y
2.14 ﬂlﬂﬂﬂli’)x‘i!ﬂii’)ﬂﬂﬁl‘i’li’)ﬂﬂﬂ%ﬁﬁ]ﬂ

Y =X ~ . 1 4 A9 9 a =]
1) fuT0 D9 UNIT YU Online $1N9 9 Vlﬂ AT AUAUVDOYUAVUDUINDTLIUA

= a o kY 1o I Y Y Yy Y a a J
nnyalaganilsvesnniinerde1a vag lisuiudesserdr1ddesusnisaounuaes
a o 9 3N YA o A Y 2 Y
Youumangas amisoldingalan ldndyananietis1Sae e sreldisiaunse
v v g A2
T ldazadnuazsIaE 89Ty
' 9 a Y] Y Y =X a 1 d?
2) aaaldirelumsiaudiodynialiid1099auTnIsa1e q uInTu
Y a a ~ @ ] 9y =K Y
pazamnsoliusmslugausmsiaedyana luawnsadingd
v ] Y
3) drwnsafhastvaeuszuvnazdSuldsund luilgwineranaiu
1Y) A 1 3N Y o Y <3 1 o d?
AuszunIettenIngan Ia ldazainiazsiasnemstamsuniu
YV = A v t4 Q' Y
2.1.5  YaidaveunIavignesdulime
1) iegedudyanauisgandyana 1iaedly lids
2) Yymneduanuasassluszuuaieietesouliae

3) doeNuunIndeAnINAAUTAIID La Ty IULNTNTDA

U
2.2 IZUUAEUDINIALINI
' Y % 4%1 09.: ' = Y o

szuvaigenandlagniauvuasansnlusaadl we. 2473 Tas Tawaun

A luladvesa1e01n AL 1818 UNTN15US UL e (phased array) Saunuma lula®
o £ A = 2 o ] U o
msdszuranadyia Fusuusniyalszasanziinldauluszuumsas ualuilagiiu
1 v ° )] & ¥ ' 1 4

szvvaigeinieinelagninldluszuudears 13a1ved19umnsvate 1ie9nszu
e IMANNEIIDaRdYYIUINTNABALALEIIT0TIT VTN IFuRTin1a

sruu@IeINImiliznoudleaesdiIurian 9 Ao d1991N1ALDIRIAY (array
antennas) 30138302 Tu3uvua19 9 Frusuduszuvlssulanady I (signal

A ]
processing systems) N4N1413211a2 N 1A KU Tagazarunsaiudinaunan lddanania
o { 9 @ 4 v A o
YoudyIuNA0IN1T nazHugaguinioysos lldananisvesdyaiuunindon
A (Y d‘ "9y [} d' (% 1 = 1 1 ) d‘

Wiodna i ideans a9zl 2.4 nszuIumIaIna1Eendt mnegdinan (beam
forming) 3EUUAGOIMANINNTZVIUMTHINUOGABINTZUIUNTHAD ) AD MIHINANN
youdarmuaznsnegldinau Tasmaiamslszuiunivosnanialiognalomailn
LYY Multiple Signal Classification: MUSIC %30 Estimation of Signal Parameters via Rotational
Invariant Techniques: ESPRIT aunlauanalunmiisdovod Libert Jr., J. C. Rappaport, T. S.

o { a o qﬂjl ' ' o 4 &
(1999) vda1ni ladoyavesiamevesdyanaudrvuaouas lidomanegdwauduiu



11

Yy

A o

N YYIULNTNTDA
) \

szvvilssuanadya

1 T m100n

317 2.4 szvvmeeIMeIna

an 9 ] Y] A o A % dy a [ A 9
Amsanugdmsudnasnu Taslidnaunans lumeianevesdygrandeonts
= v 3 o J A 9y v Aa o &£ aa o ' <
Tuyaiziernuniugagudnionds lildsmanmevesdyapaunsndon #35mIainaniies
H P4 [
nawmaliguamvesdymluszuuadu Tudiuvesmsiudnau szuua180101MmNg
v o A @ S ¥ [ A a o
asonudInaunanuazyagudlalaemsdsuma (phase)  vioupunAgAVD T IV
Ao Y A 1 ] o w A LY o A v [T Ay
nsuwlanievzdieoniiudigo1nid uaadwuimerudinaunan lldananandesnts
@ J v A o : v o 4 ~ ' 1 g’ o
nagruyagud lldsnansvesdygiuunsndon Fansdsudnauizendt msnaaimiin
1 % 1 3‘ @ 1w [ -~ @ o 4
Mg IMALAazA10199zimsaInimiinmInunie liminun 18 mswudinduvesszuuy
Y
awe A Isnesuenanmsieosdn ldTaenis sz vuaisormaunidriaunny
a 9 o Y & = A ' o =
wadud Y 2 Auganaadlugli 2.5 91031 D Ao AnumadlavesdyaunannsEN
2 v
AwoIMALAazAY d AoTzezHINTEnINd1801NA W, Aea1dulszaninmsaraimin
o = Y A Ao Y A A
YOIFYYIUNT10IMAAUN ny, ADTYYIVVIBBAVBITIEDIMAAUN n O, uaz 0, ABYN

v
% [

annsgnuaeeIMAvesdynIuidoImsuaz dygiuunindoanud 1wy 1ngldyyiw

Dey]

Y
v A

= 4
sumaﬂmmim%u"lﬂmu



12

Eﬂﬁ 2.5 Llﬁﬂqﬂ']ﬁﬁﬂﬂﬁgVlﬂallﬂ\iﬂﬁuuu@’nﬂa']ﬂ']ﬁma\1§$U‘]Jﬁ']f]a']ﬂ']ﬁlﬂl\1
Yo = Y1t Y2 2.1

o Y o { 9 o ' 9 'w J
Llﬁgﬂ'l’ﬂuﬂblﬁ uﬂpmﬁ@]mmmaz ilulf,Uu'Iill!l,‘l/l5ﬂﬁﬁ]ﬂ§]ﬂﬂ§$ﬂﬂﬁ1‘(’l@1ﬂ1ﬁlmﬁ%@]u ﬁﬂ'lﬂ\‘lﬁ

Yag = Ay 22
Yo = A (2.3)
Vi = Ae’® (2.4)

Yii = Aiej‘gi (2.5)



13

e y,, uwaz y, Aedya undeimsiannsznumeeImAduiln uazdygIuuNIndon
9

] A

~ ~ A 31 9 Y 4
NANNITNUFTIYDINIAAUN n LN@WTH@TJGTJQMTWUﬂLLﬁ'R%qﬂ

Yy =Yg + Vi =W, (A + A) (2.6)

Yi=YatYu= W1(Adej€d + Aiew') (2.7)

UNUAFUMIN (2.6) ez (2.7) adluaumsn 2.1) a2l

Your = A (W, +W1ej6i)+Ad(Wz +W1ej9d) (2.8)

S 1

) ] 4 ' o "o s A
LiW]’E'NﬂﬁGIMWi]u!Liﬂle’EJ\‘iﬁiJﬂﬁ“VlN"lJ’Nﬁ’E] (mummmyﬂgmgmiﬂﬁa@) ummmugmmﬁa

o v w o Y ?a 1 @ Ay
fiadayaraunsndonsen 1 uazildwninaesvesaums (@rnvosdaa1uidoins)

4
Y

UAgaga A9y
0 _
w, +we™ =0 (2.9)

w, +wel® =1 (2.10)

4

[ Y
1NANMIN (2.9) way 2.10) wwi 14 ldardudseansnsoa91iniin (weight coefficients)

Y Y
VOIAIDIMANIADIAUAIT]

1
leejgd_ejgl (2.11)

—elt
i6

- (2.12)

Wi

A A P Y o "o
HAZIBUNUFUNITN (2.11) e (2.12) ﬂ\?clUﬁiJﬂ']ﬁ‘Vl (2.8) ﬂgll@ YYIUVIDNININD



14

You = Ay (2.13)

o T W 1 " v W {9 1 [
‘L!‘L!”VilﬂfJﬂ’J'IiJ’J'lﬁillilﬂmﬂﬂ’f]@ﬂﬁﬂ'lm1ﬂﬂﬁﬂlmWmﬁﬂ’ﬂ\iﬂﬁiﬂEllliJidJﬁﬂlilﬂmlmiﬂﬁf]ﬂﬂ”‘]Ju

13 L)

agiay vuaumstieduiugiodisediairelunisa e minuees L UUE IR
iioanNansy LNVVDITYYIULUNTNAOA mmmmaiﬂmamm LYRIFUDITLVVAOINIALA
Y v d
N
Y A 1
VoAVDITLUUAI8DINIAAN
A dy Aq ¥ a A A o A 9 o w
) e 1viuing e191nlons1ve1engaa1nnis eaiee1nana 1816
] Yo w [ [ d' A d%' o Y1 v U tﬁg}
danalimasdevesdyana laomasmnuiu v lddesdyana1d Inatu
2) Uszudandeary (eannszuuaeeInaAnaaINIsoudnauran luda
Al laTaonsa Tagludesdadygm ldaamen lusigldaou Jeihld ligydendwnulyl
1 4
Taaulanlse Tead
2 a [ o A an . A
3) Lm"lmﬂ’fltgwuﬂmmmﬂulﬂpmu‘iniﬂﬁammzﬂauwmma (multipath) 11499910
sruuaeeImamnunIniugagud lfamsvesdyapauninaon 1a
VoIReVOITZ UV INIANA
) szuueeemanadinmaunulumswaags
) [ 9 d' d'ol = 1 o Y 1 a q’;’
2) SmiuMs I snunaMuaa Meemdzivinalig i lveindenisaads
AW IMALDIAAY
1 1 [~/ 1 a o
FTUVEIEIMANIA@INITonU9een iy 2 Uszianae sTUVEEINAMALUUAINY
81A8 Y (switched beam antennas) 1825 VV 1801 1ALALVVYSVA1AAY (adaptive array
antennas) #99zna1d v edal)
do 4
221 STULMEIMANUUAINYEINAY
dy A o o A o w o ) A Y
aeoimalsznniazisunuugddinauiing uazeziudinauld
a 4 a o 4 o w ] 1
Tagmsaiad seeimaAuuuaiIasamanlsznonlidrearsonsnidiwy Inseienegll
o d‘ % A o d‘
A1naU LazAnaendInau
[ o dyd
nanmMsnuYeIageINMAlsLNilae

o

1) ﬁ')@]‘]fﬁWﬂaul‘Wﬂﬂi’)%ﬂWﬂﬁﬂNﬂ’NMl‘i\iﬂl@ﬁﬁig 21N

A o

o A o A o A o A £ o i Aa
2) AUADNATINAUITNINITLADNATANA UV UIATNAUNNAITUUIIUDIT YY1

~
usanga

[

Yo A A A YA yqy ~
3) alFdmauidonAileddogdnun



15

A ) A a v o A Aa o A A 9q 9
4 whasudwawanluddnauInunlianuusvesdyanananiuied 19
A du e 4 A
nasun lldsaudu
Y A [ A oo d’
VOAVINTS YYD IMIAANILLAINTAINAY
= Iy 9 9 J 1 Y] o d‘
1) IANUFUFoULenNTEUUE @A LUUUS VA InaY
2) lunsainszuvuldsivauaigernia liuiniin szUUE 881NN
a o A = a A Y A [ 1 [ o A A 9
avamauazidszansnmlndifesnuszuuamesimemasuuvlsudinau e ldunaas
Tudruldevo Seungwon, C., Shim, D., and Sarkar, T. K. (1999); Peng, M., and Wang, W.
(2005)
Y [ A Jo A
VoIFevaNTSUYaIMAANUU LA INTAIAAY

1) Toanmsvnevesdyanad lunaniaiegsznidnan

= %

2) mIaasIudynamIndealiveiing

(%

3) lunsaindyana lddanu vieldyguundinniate A0 01ana

9 9

a A o Y
anuAanaialumsdonduynala

< ' A A o

31U 2.6 uaasInseadeliaud Welldygrawiannsznudieeinid

o9

1] Y
1 )

1 9 LA @ Il 4 o A A o o v o A
ﬁ1ﬂ®1ﬂ1mma$¢]uﬁ]$ﬁﬂﬂ1Ul“lJﬂ\ﬂﬂi\W'lilﬂﬂgﬂﬁﬁ]ﬁuL‘WE]“VI1ﬂ'liﬂ’J\iu'quﬂLLﬁgﬁiNa1ﬂau

[
=

Tdanamensmua’ll Tasandendnauimihnngendnaunlddyanmussiga ild

[ Y 1 I Yo (% d‘d dd? an
’E’Hllﬁflﬂﬂﬂﬁﬂi%ﬂﬂﬁﬂﬂﬁiyig1mlmiﬂﬁﬂﬂllﬂ mwaiw”lmuamummwuﬂmmwmu Tne75

g

& Aa 9 a o o A A 9 . A I an A (XY 9
ﬂuﬁﬂu&ui‘vﬁluﬂWiﬁ’Jﬁ“BﬁWﬂauﬂ’é)ﬂWiG]ﬂ)' ButlerMamxLummﬂlﬂu’mw"lucwmauuaz

9 a o & = a v Y A
@muuiumma@m Feazumsosureluiiven 2.3.1

au

(/]

4
)

=
=

TR

299501008314

aean

#dendiAau

a

= Y J 1 a Jdo A
qﬁ,ﬂ‘ﬂ 2.6 Iﬂﬁ\'jﬁﬁ']\‘]l!ag’fl\iﬂﬂﬁ3ﬂ’f]1J"U’E)\‘]33UUﬁ’f’lﬂ@’lﬂ’]ﬁlﬂ\?!iﬂﬂﬁ?@]“ﬁﬁ’]ﬂau



16

2.2.2 sx‘uumﬂmmmﬁeamuﬂ%’uﬁmﬁu

[

dyd o o d’ 1o o d'
mweimelszinniiswunuugddinaulidide uazamnsolsunlaeu

9

Y o o A A Ao
LLUUgﬂ]‘l@maﬁlm’Jm Waﬂﬂ’li‘ﬂ’]\‘l'luell’f]\t]ﬁ’lﬂ’f]’lﬂ’lﬁﬂiglﬂﬂiv!ﬂﬂ LiJ’E]iJﬁ‘iyilﬁmiJMﬂﬂile‘U

19010 Ay 1A NaIUdano T NuLUVUTUAY (adaptive algorithm) 1O A 11

[

1 % a QOJ 1 :’ v U 1 1 % { % 1 :} o 4
wimduiszansmsarnihminvesdyapaudrdsaindu lladraraihminiegandiny
' 4 Y ]

dyanunannsznudiseinda lagszuvazirauuunioug liises q suawisatiia
dygruunsndoa’la

) v W a [ T IS 1 1

dmsudanesAuuuudSuaa arwsoudaldiiu 2 dszianlug 9 1dun
[ a R v W [ . . . [ Ao o A v
gano3iulsuAInDUNea 11y (blind adaptive algorithm) HazuogadnINf1aIdoIN oy
ﬁq{s‘l (least squares constant modulus) aun lduaaaluanuiseves Agee, B. (1989); Frost, L.
111 (1972)

Y A U [ ~

JoAvevszuUMge MmNy ULTusnany

1) UeasEudyaIudedynIMININGoa (Signal to Noise Ratio: SNR) 1A

Y =~ ' v o 4

To1devedssyya e N ImN LYY USnaY

=\ [ A )=} o a Jdo A
1) IanududeuguilemouiuaeemeuuudIngainay
2) desmsdyonudidsnaieli ldlszaninmgega

9 ] Ao <
3) ﬁmmiwmﬂﬂszmawammmmiaqq

A o [

. 4
5UN 27 naaldiwiud ilelidyaauiannsznuaien1nia doqio
P v

v Y
NannsznumeImAuaazAuIzgmihudIamadulszaninisolauimin viniu

9
v W ~ 9 o

] 1 9 1
nere lldsdrmrnihminimetiei 1 llgunudyanaidn eddi liifos o auld

g 9

A 4

9 o v A d'sl o v A v
QﬁiNﬁTﬂﬁuul‘]JENTlﬁ'ﬂNVI@]i’Nﬂﬁ LLﬁSWU%ﬂﬂHﬂUlﬂﬂdVIﬂ‘VleUﬂﬁﬁﬂulﬂ!J,”Im

Q u

UNTNTDA

~ 9

Tuiaton 2.2.1 waz 222 ldesuiendnmamianuuasdoadodeuoa3zu

Y o

J 3 a Jd o 4 [ @ J ] 1
i’mEJf’J1ﬂTﬂLﬂ\‘W]QLL‘]J‘]_Iﬁ'J@'IGIffJWﬂﬁullﬂgllﬂﬂﬂiﬂﬁﬁqﬂugﬁ NTADINIVDAINANIISIN U

A A v 9

Meo s aInFsmauiianududeulumsadedndunarmianavesdyanatios
' [ dy a Jdo A o 1o & 9 9 ]
N1E180 1N ALV T VA “LlE]ﬂiﬂﬂuf‘ﬂEJ?JTﬂWfLL‘U‘lJﬁ”JG]"]m1ﬂauENll$Ji]1LﬂuG]E]\il“]ﬂ/iu’sil

{ < < v o . 1 J J
Uszmrananlanuiiganansoaduuaziudinanld dowaldarldaelunisade

Y
v v

Y [ ]
HazAAGI A INMALLUAIATOINAUR NN A INMALLUUS UG duTuaeeIMALLUaIaT

=< a

o A = S A v 9 o ' @ o A
ﬁ1ﬂauﬂ\1!ﬂuﬁ1861ﬂ1ﬁ°ﬂu11‘(1&1%&@311‘!%’J"Uf]ﬂﬂU]ﬁ]Jﬂ$ﬂa13ﬂﬂlﬂﬂUﬂﬂ15Wua1ﬂﬁu

a Jdo 4
eummﬂmmmmuﬁ’mmmﬁu



17

danannsn
GO0

RILTEN

Y1981

v

Fanasnunuy

15udn

~ 9 4 1 o o A
?j‘].h/] 2.7 Iﬂﬁﬁﬁﬁ?ﬂl!ﬁ%ﬂ\?ﬂﬂﬁ35ﬂf)‘]JEU’E)\‘135‘]JUﬂ'"lﬂ@"lﬂ']ﬁlﬂ\ﬂlﬂﬂﬂﬁﬂﬁ?ﬂ'ﬂu

23 madamMsuanau

2 Y a

NNNANTINAUDITDAVRITZ VDT IMIAAIN TN T UaInaunan 119
a ~ 9 9 YR A 1 qgj o 9 a = v 9
nenandeamsld Taemsudinauvesszuumeomamaiui ldnaromaiin Faluide
Y [ Y
T928nA1061UNAUAN THUSAAUYDITLULEIIOIMANINIHUA 4 INATIAAD Butler Matrix
d' [ [ 7 A a
m3slasugatloudynna MmslSuvuavesaeeimsagmidaiersnionlaiees

2.3.1 Butler Matrix

~ =2 1 . £ 9
519 2.8 uaaInd@IUlsLNOUVDI Butler matrix ¥915EnoUAIIA 180NN

U

9 =~ Y] I o o a 9 @ 9 o o A [ a
4 AU MIFIN T UL IR VLD LB m"lﬁuaﬁmﬂgwm (cross over) mwammmu”lamﬂ

90° (90° hybrid coupler) tazanaoutle 45° Taenann139191Uv04 Butler Matrix A0 1310

= A o 1 Ao A 1 a ° o 9
Idyananannsgnuiaeeimadyanaazgnds lUndureudonuy lausa 90° nazaa la’

= 1 v Y o o

o qgj @ 1 o 4 ° Y 1 4
Ty i]1ﬂuuﬁﬂgjﬂ1ﬂmﬂ1%ﬂ1ﬂﬁ’)[ﬁ@ulﬂﬁ 45 1HaWYNAINIUAD ﬂl’Jﬁ'ﬂJﬂl'lmngﬁ’JL%ﬂiJ

(9
53 99

1 a o A 09.11 £ & 9 4 o Y Y o A Aao A v o A
G]'E]LL“U'U%ET‘U?@ 90" 9NATINU GHQQ'@T]'IEJLL@'J%%VI11Wﬁ513ﬁ1ﬂﬁuﬂﬂﬁ1ﬂﬁuﬂﬁﬂﬁu]lﬂ‘]/l

138.6° 104.5° 75.5° uaz 135° 9 ldonaised 2.1



#1

Y

#5

#6

#3

#4

45

[a]
45

o A [o]
Aaowa 45

o A '
AIUUDUND

nuulausa 90°

~ ! .
717 2.8 @m1l52NOVV Butler matrix

H Y
A1319% 2.1 A109UIMUNVD Butler matrix

18

AR #1 #2 #3 #4 AAMAURY | ANWA
duii §naunan e
#5 0° -45° -90° -135° 104.5° -45°
#6 -90° 45° -180° -45° 41.4° 135°
#7 -45° -180° 45° -90° 138.6° -135°
#8 -135° -90° -45° 0° 75.5° 45°

232 manlasugailoudyana

= a o 4 v A 9 o a o A
NNISANEIUSHANITTUNTTUWU I FGNHNAHUINITHIATAINAY

Y ~ Y o Y A o £ g aw
ﬂ38ﬁ18@1ﬂ1ﬁLWﬂQWULﬂﬂj@jﬂﬂ’ljlﬂaﬂuﬂﬂ{l@uﬁiyﬂuj’]m G]f\j!ﬂu\11u3i]86]]@\1 Mehta, A., and

Mirshekar-Syahkal, D. (2007) Tagangeimiaidnyaziiuiesoudiv

[
=

aIUN

Soa1e91n1A



19

] [ 2
11111129 (square loop antenna) Hyatloudynaluudazduvesdmasudiuag 1 9a daiuaz

Y] a
] 9

= o qﬂlj o I Yo A o a A ° ° o o
mmﬁ@uﬁtyqpmmwm 434 VI"I{lWIISﬂQTﬂﬁUTNWNﬂ 4 NANNAG 45 135 225 uag 315

1 = [ Y [ ] o A a A
LWIﬂTﬁL‘]JﬁfJUi]‘ﬂ‘ﬂﬂ1!ﬁ'iyﬂ]”Iil!@]'EJQ@"IﬁfJIﬂ'i\‘iﬂHﬂﬂTi‘ﬁﬂuﬁﬂlinmﬂNﬂigﬁﬂﬁﬂWWQQ

o o

v v
A A % =

imsuenuezdyanalensaiiinanistlounas limanstleudyaaiwiud vaghdan

9

[ 1

9 o Ja A P a a A Y o Yo 9
doaiimsuuagouiinaugnilszdnsnmgelunsangatloudyanuaraiu Mlddudou
uazdianldnelumsaiiega
233 msdSvvinavesmesima
91N9IUIVBUY Nakano, H., Eto, J., Okabe, Y., and Yamauchi, J. (2002);
Aa o o 4 o
Chang won Jung, and Franco De Flaviis (2004) d1g@1maauisaadIngainan la lagn1slsy
=) 3 9 £ a o A A
YAYDIE801MNA Tageeomaanyaziugiliunes Fenanvosdinauazilaou il
A A "y v v Ao & Yo A
denasunnueivesuyuuaazd1aveIn unesduey lasuideiiy ldaindusenin
A o tﬂl . o tﬂl =S . 1 [ [ 1
2 39001 ABEINAUAINLAY (axial-beam) A AIAAUIDYA (tilted-beam) HAYANNITAINATY
’ o ) a Y A yq ¥ = A A A Y o o
TimnzaudumslFouludunadeuiidldauinmsadoui s indeaiinislsy
ANVENLVULAAZ T 190N U DERADALIAN
234 M3aAN9IHIelnes
luauIveves Huff, G. H., Feng, J., Zhang, S., and Bernhard, J. T. (2003);
o a J o 4 o
Mehta, A., and Mirshekar-Syahkal, D. (2004) 1@ %1015 830 ¥ 8100 UA18N1TaAIIT
UuaeIMeAgUauos F91n156A2995 2 HUD ABAA99TIREIAMMLAIRYD LAZEA9D5 2
o ] 9 [ ya o A A [
funiandounu oz lafiemevesdnaunaeny
awv I
NUIVYVUDY Mehta, A., Mirshekar-Syahkal, D., and Nakano, H. (2006) 11l
] [V o a d o 4 a o
o mazldunesisuiy finsalagsdiaaualenisianiedaies Tasld PIN
I Y] a A dyd (] o YA = al A 09/'
Wudnruaumalatlaiees il PIN og 4 9a i lvunsainadlaiaeesiaue 16
= 9 4 Ja o A 1 1 A A o A 1A °
n3dl gamendlnz lanAn1evesdInan 2 ngu nauusniinannuesdinauedh 39° uag
1A aa o A 1A ° °
AQUNERIUNANINVBIAINAUBEN 5° - 12
U289 Ngamjanyaporn, P., and Krairiksh, M. (2002); Ngamjanyaporn, P.,
. o
Phongcharoenpanich, C., Akkaraekthalin, P., and Krairiksh, M. (2005) Wuaeornadvasy
o a o o d‘ 9 a A A LY o a A a d! 1
Mmsadasainaualemsidaniellaiges drnrugumaaaesaelaToanu G
9

] E4
NUOVUAAZTATUVDIA 1D IN A QWH?%EJﬁﬁ”IﬂTiE‘T’JW];’Ilﬁ 2 uUUAe LuULINRIN3YA993

~ 9 ~ L] 9 Y] a 9 ~ = = B o v 9
NUBUVYDINYBINIA 2 ATUNDYATIVIUNY a2 A9TMUNHAD DNUUUHHINIATINUUIY



20

Aunuuusn IR IAuDugUmsudndsnuveseee g 2 uuD wUUNsNRANIUBIAIAAY

Wu'll 0° wag 180° uuuNaeInamvesdmaurulln 90 uag 270°

da A J £% v o
24 ﬂ1§!!3~1ﬂ‘]ﬁ@3~11"|!!ﬂucﬁiﬂﬂol‘ﬂﬁ”lﬂﬂﬂuﬁu

A A [ A [ Y] Yy I3 A
Ll.!i’)\i’I]Wﬂﬂ"lﬁmﬁ"lflﬂ"lﬂ'lﬂﬂgﬁn\l'lﬁﬂﬁ‘]JW?@?TQﬁ'ﬂlﬂ]']mllﬂﬂﬂ@f’llllf’]ﬁ']ﬂ@"lﬂ']ﬂ

g 9

1 9
=<

a A o Y A @ 1T a A 4 T A [ Ay
Tf)iJWLLﬂu“ﬂﬂmﬂENﬂ‘]Jﬂ16MWLL@H%%@QLM@Q%WNWﬂ%ﬁﬂ "])’ﬂl.!‘]JNﬂiQﬁ’Wﬂ’mﬂiﬁ‘VlﬁiN

q

= 4

<] aAa ~ T Y ya 4 1 1 1 Y A a
uﬂ%%ll@llwuﬂu"]f‘ﬂulllmﬂclﬂﬁﬂiJWLLﬂu‘ﬂf"ll@ﬂllWﬁQﬁ]”lmﬁﬂ ﬁﬂﬂﬁiﬂﬂﬁgﬁm‘ﬁﬂ'lwmﬂﬂ

@) 2N

09: 4 a 9 [ [ [ :/l 9 o 4
ﬁ’lf]f]’lﬂ’lﬁuuc]ﬁﬂa\uﬁf]\?Fl]1ﬂlﬂﬂﬂ1iﬁ3WGUﬂaUm@\1ﬁﬂ]uﬂlu1m ﬂ\?ﬂﬂ%\i@]@\‘]‘ﬂ’lﬂ’lﬁl!ﬂ@“}f

=~ 4

a' Yya A 4 =) Y A v a A 4 1 U d‘
DUNLA LY L‘WE]Gl,‘l/i6iJWLL@]‘Ll‘ﬂﬁ]ﬁ]ﬂﬁ18ﬁ]1ﬂ1ﬁuﬂﬂﬂmﬂENﬂiJ’E]iJWLLﬂU“BGUENLLWﬁQiﬂEJiﬂﬂ‘VITﬂq’ﬂ

)

J

=2 an a A o 1 an dy @ 1 Ja A Y 9
FIITNITUNATDNNUAUFUOYVI 18D 1uﬂ%u%$ﬂﬂﬁﬂﬂﬂ1\‘lﬂ1§un@GHE]‘JJWLLﬂuC]fﬂ’JEJﬂﬁGL“H

Y Y Y
1 15 ] ] o @ o o a 4
MenoUTY 1Agn1TMITLesaIe 9 vodaenauduuau1s0n 18 Tasfuaduiuanud
a 4 <
A5 0 15a 53159 (smith chart) A 1A
~ a 9 o o Yy A a a sy ) Y A Y 2
mManvzinamMsaeNounduvoIdya Ut osNgaduitaugad9zA i Inafes

Y ~ L4 1 1 ~ £ a = I~ [ z 9 o
AUBUNWLAUTUDIUNAIIYUINNT A Gmﬂﬂm]zumgﬂu 50 Q AYUUNINABDINITUUAY

a P \ s g s o - P Vg
dunaus lagldamenoudunanisonla lasimualdduiiuausdudniauiy 50 Q

z < o 1 [ 09.:} 9 ~ a A 9 9
VINTUNITTINTOMUIUNITZZAN ) Vodmgnoudula 11ngUN 2.9 Dufinauda I

w1'1dan

Z, + jZ,tan
Zinput = ZO - J : ﬁL (2.14)
Z,+ JZ tan pL

A a = Jd Y 9 A a A 4 [ d'dy A ~ 9
Tae Zinput N0 BuHuAUFAIMA Z) Avduiiuauduomiods (udiareasnoarsnley
° ' M A A A o a A A o

mmenoudu) z, AeduiiuauguedIvan (luiiilvanfemeema) B Aesinsdveule

1 1 (% 3 ] v
(phase constant) AN 2”/1 Tag 1 Aend1ue1InauveInudnlga1u uag Lae

52821119910 1vaa
o I [ QBJ} [ H 1
mldilumensududiomsaeitasvnudnld Tasrgasnldnoasd 2 uuvufeI9s
v v
a1 daeneuduunu9951)a (open-stub) tazdA199351 14 IdaenouduIDUEAI993

(short-stub) Faaznandaluiatodall



241  maveuduuIULINIIa (open-circuit stub)

21

Y
1 1Y a I~ 1 ] a [ [ Y] a
mMeneuduuuusatlunmsasaeaadaretlavuiunuaiean Ay

(W]

Dye @

g Idengli 2.11 az'la

7 Z +jZ,tan fL
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Z,Z,(Z + jZ,tan fL)
JZ,tan Bl — Z| tan Sl tan Sl

Z. = - - .
" 7 jZ tan fl —Z tan flLtan fl + Z, + JZ| tan fL 221)
0 jZ, tan Bl — Z, tan L tan Sl
B Z,(Z, +jZ,tan pLY(JZ,—Z tan fSL) (2.22)
" (jZ,-Z, tan pLY(Z, —Z, tan BLtan Sl + jZ tan AL+ jZ, tan fl) '
Z,(Z, + jZ,tan pL
. 0( L J 0 ﬂ ) (223)

- Z,—Z,tan fLtan Bl + jZ, tan BL+ jZ tan Sl
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Z jZ. tan gl
Zypy =2, oL I 2 an f (2.26)
Z,+jZ tan gl

! < 2 Y 3 1 o
z, luaumsi 2.26) Wluresila duiudadisgud hld

Z,,=jZ,tan gl (2.27)
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Z,+ JZ,tan Ad
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dB
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Type = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=2.45) [1]
Component = Abs
Output = Farfield(Max=0dB)
Frequency = Z2.45
Rad. effic. = 0.1873
Tot. effic- = 9.1494
Max imum = 0.0060 dB
A "o = aiul A o
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Farfield ‘farfield (f=2.45) (1)’ Farfield(MMax=0dB) Abs(Theta)
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Farfield ‘farfield (f=2.45) (1)’ Farfield(Max=0dB) Abs(Phi); Theta= 0.0 deg.

90

Frequency =245
Main lobe magnitude = 0.0 dB

Main lobe direction = 0.0 deg.

270
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S-Parameter Magnitude in dB
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Trpe
Approximation
Monitor
Component
Output
Frequency
Rad. effic.
Tot. effic-
Maximum

Farfield
enabled (kR >> 1)
farfield (f=2.45) [11]
Abs

Farfield(Max=08dB)
Z-45
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0.0064459
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Farfield ‘farfield (f=2.45) (1)’ Farfield(Max=0dB) Abs(Phi); Theta= 0.0 deg.
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Main lobe magnitude = 0.0 dB
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S-Parameter Magnitude in dB
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Type

Approximation

Monitor = farfield (f=2.45) [11]
Component = fAbs

Output = Farfield(Max=68dB)
Frequency = Z2.45

Rad. effic. = B0.83827

Tot. effic. = 0.004451

Max imum = 0.0000 d4dB

Farfield

enabled (kR >> 1)

=-2.
-3.
-4.
=5.
-6.
=7.
-8.

dB
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Frequency =245
Main lobe magnitude = 0.0 dB
Main lobe direction = 90.0 deg.
Angular width (3 dB) = 71.6 deg.
Side lobe level =-9.6 dB
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dB

=2.22
-3.33
-4.44
-5.56
-6.67
-7.78

-8.89
-10

Type = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=2.45) [11]
Component = fAbs
Output = Farfield(Max=68dB)
Frequency = Z2.45
Rad. effic. = 0.06180
Tot. effic. = 0.0083960
Max imum = 0.0000 d4dB
A v A Ao o =
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Farfield ‘farfield (f=2.45) (1)’ Farfield(Max=0dB) Abs(Theta)
90
Frequency =245

Main lobe magnitude = 0.0 dB
Main lobe direction = 135.0 deg. Phi=180
Angular width (3 dB) = 72.2 deg.

Side lobe level =-10.8 dB 90
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Farfield ‘farfield (f=2.45) (1)’ Farfield(Max=0dB) Abs(Phi); Theta= 0.0 deg.

90

Frequency =245

Main lobe magnitude =0.0 dB
Main lobe direction = 75.0 deg. 270
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S-Parameter Magnitude in dB
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=-2.
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-8.

dB

-11

2z
33
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Type = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=2.45) [11]
Component = fAbs
Output = Farfield(Max=68dB)
Frequency = Z2.45
Rad. effic. = B.86176
Tot. effic. = 0.008951
Max imum = 0.0000 d4dB
d' d‘d % =
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Farfield ‘farfield (£=2.45) (1)’ Farfield(MMax=0dB) Abs(Theta)
90
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Angular width (3 dB) = 72.2 deg.
Side lobe level =-10.8 dB
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Type = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=2.45) [11]
Component = fAbs

Output = Farfield(Max=68dB)
Frequency = Z2.45

Rad. effic. = B0.06046

Tot. effic. = 0.005886

Max imum = 0.0000 d4dB
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Farfield ‘farfield (f=2.45) (1)’ Farfield(Max=0dB) Abs(Phi); Theta= 0.0 deg.

90

Frequency =2.45

Main lobe magnitude =0.0dB
Main lobe direction = 0.0 deg. 270
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S-Parameter Magnitude in dB
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S-Parameter Smith Chart
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=Z.
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Type = Farfield
Approximation = enabled (kR >> 1)
Monitor = farfield (f=2.45) [11
Component = fAbs
Output = Farfield(Max=8dB)
Frequency = Z2.45
Rad. effic. = 0.06046
Tot. effic. = 0.005886
Max i mum = 0.9008 dB
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Type
Approximation
Monitor
Component
Output
Frequency
Rad. effic-
Tot. effic.
Max imum

Farfield
enabled (kR >> 1)
farfield (f=Z.45) [11
Abs

Far field(Max=0dB)
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Type
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Component = fAbs

Output = Farfield(Max=8dB)
Frequency = Z2.45
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Tot. effic. = 0.005886
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S1,1 (50 Ohm)

S-Parameter Smith Chart

© 2.000 (3.228, -51.98) Ohm
® 2.900 (6.415,-62.25) Ohm
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S1,1 (50 Ohm)

S-Parameter Smith Chart
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0 2.000 (2.703, -57.01) Ohm S-Parameter Smith Chart
® 2.900 (2.682, -32.26) Ohm

S1,1 (50 Ohm)

A a A 4 a =
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Z, =50-50tan AL tan

50tan L =Z, tan L+ Z, tan Sl
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Z, =50tan’(AL) (3.11)
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Low Cost 2.4 GHz Switched-Beam Antenna

P. Chaipanya, P. Uthansakul, R. Wongsan and M. Uthansakul
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Nakhonratchasima, Thailand 30000
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Abstract-This paper reports a new design for switched-beam
antenna at 2.4 GHz. This single octagonal-shape antenna is
allowed to have eight different beam-patterns which can be
controlled by shorted circuit at different edges. The prototype is
constructed and tested to demonstrate its beam steering
capability. At the end of this paper, simulation and measured
results are compared to confirm performance of proposed
antenna.

1. INTRODUCTION

As the demand of wireless communication has been
dramatically increased owver the last two decades, wireless
system operator needs an extra frequency spectrum to cope
this enormous demand. Unfortunately, the available frequency
spectrum is limited. One technique that is capable of
increasing the wireless system capacity without additional
frequency spectrum is a smart antenna technique [1]. Smart
antennas are multiple element antennas accompanied by
suitable signal processing algorithms either at the transmitter
or receiver sides of a communication link. By pointing their
beam towards a desired user and nulls or low side lobes
towards interfering sources, they are capable of considerable
improving the quality of signal transmission in a multi-user
environment [2]. One attractive category of smart antennas is
switched-beam antennas [3]. The switched-beam antennas are
constituted by an antenna array, a simple beamforming
network and a beam selector. The beam formations having
main beam directed to designated directions are produced in
beamforming network and then the beam having maximum
signal strength is selected by low speed beam selector. These
antenna systems are relatively popular as their implementation
is not complicated and also not costly.

Recently, most of wireless access has immigrated from
outdoor to indoor environment e.g., Wireless Local Area
Network (WLAN). Even for mobile telephony, signal
repeaters have become an infrastructure in most of building in
urban area. To deal with the limited frequency spectrum and
also achieve an increased quality and capacity of wireless
access, the use of smart antennas is envisaged. Implementation
of smart antennas at mobile terminals e.g., notebook or mobile
handset is the preferable choice. This is because any failure to
smart antennas installed at access point may cause undesirable
damage for over all users. Thus, the matter of size for smart
antennas, even for low profile switched-beam antenna,
remains a limiting factor for fabricating in mobile terminals.
Also, low implementation cost is required. This has gained
lots of attention from researchers nowadays.

978-1-4244-3388-9/09/525.00 £2009 IEEE

From the mentioned motivation, some examples from
literatures for beam switching using single antenna element
are discussed as follows. The work presented in [4], has
demonstrated that we can accomplish the beam switching
using a spiral antenna. The beam direction can be controlled
by adjusting the spiral length. This antenna is considerably
suitable for a static situation having fixed user location, not for
dynamic system e.g., WLAN or mobile telephony. Also the
authors of [5] have proposed a square loop antenna. The
antenna has four feeding points. The radiation patterns can be
steered by changing the feeding points. This is considerably
not practical. The work proposed in [6] has revealed a low
profile antenna which is capable of beam switching. It is a
simple rectangular patch antenna fabricated using single-layer
printed circuit board. Its beam can be controlled employing
PIN diodes. This is considerably interesting as it is small of
size and low of cost. However, it is able to switch the beam
pattern for only two orthogonal cases. Therefore, this paper
proposes a low profile antenna which is able to switch beam
pattern for eight different directions. As its structure is very
simple, manufacturing need only a few pennies.

The rest of this paper is as follows. After brief introduction,
configuration and manufacturing of the proposed antenna are
discussed in Section II. In order to show its real performance
in beam switching, the experimental results compared with
simulation results are shown in Section II1. Finally, Section IV
concludes the paper.

II. ANTENNA CONFIGURATION

In this paper, we adopt the advantages of the antenna
presented in [6] as its simplicity. In [6], the square patch is
sized by 4%/4 m’. The antenna is shorted on each edge (four
edges) at the position having minimum current distribution.
According to that, the size of the proposed antenna in this
paper is also limited by i%4 m”. To increase the degree of
freedom for beam switching, all four corners are cut being
octagonal shape as shown in Fig, 1. The antenna includes
eight pieces of triangle having its area of 1%/32 m” with the
height of 34.33 mm and width of 28.44 mm. Note that this
antenna element is designed at 2.4 GHz.

After having completed the design, the antenna shown in
Fig. | is fabricated using single-layer printed circuit board
using FR4 with dielectric constant of 4.5 and substrate
thickness of 1.6 mm. The SMA connector is attached from one

Authorized licensed use limited to: Suranaree University of Technology. Downloaded on February 22,2010 at 02:02:35 EST from |IEEE Xplore. Restrictions apply.
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Figure 1. Configuration of octagonal shape antenna.

Case A Case B Case C Case D

Case E

Figure 2. Photograph of fabricated antenna.

Case F Case G Case H

COOCOU

Figure 3. Eight cases of beam switching for the proposed antenna.

side through another side at the patch center. The photograph
of fabricated antenna is shown in Fig. 2.

In this paper, the beam switching is controlled by shorted
circuit at each edge of the patch. The choice of shorted
position is due to the current distribution on the patch. The
antenna has maximum distribution at the patch center while
low current distribution occurs at the patch edges. There are
eight cases (cases A to H) as shown in Fig. 3. For convenience,
a wire is utilized to short at the given position. However,
electronically shorted-circuit network for this antenna can be
simply handled by PIN diode or transistor. Each shorted
position shown in Fig. 3 is spaced by 12.72 mm apart,
However, shorting at different positions gives rise to different
antenna impedances, This is handled by single open-stub
matching designed at 2.4 GHz.

Next section shows the measured radiation pattern
compared with the results obtained from simulation for eight
cases presented in Fig, 3,

II. SMULATION AND EXPERIMENTAL RESULT

Having completed antenna fabrication, the antenna
prototype is tested in anechoic chamber. Note that in this
paper the beam steering capability is demonstrated through
radiation patterns. In addition, the simulation results obtained
from CST Microwave Studio 5 are also compared with the
measured results.

Table 1 presents the measured radiation pattern compared
with simulation ones. As we can see, the simulation results
have the same trend with measured ones. The beamwidth is
similar. Also, beam directions are moderately comparable.
However, there are some deviations between those results in
some cases. The backlobes in cases A to D are lower than
their mainlobes, This may be caused by manufacturing error,
However, this low cost prototype is able to confirm its beam
switching capability.

IV, CONCLUSION

This paper has demonstrated a new design for switched-
beam antenna. This single octagonal patch antenna is capable
of beam switching for eight different directions. Changing of
beam direction can be done through shorted circuit at edges of
the patch. The advantages of this antenna is that it is small of
size and easily manufactured, thus low cost switched-beam
antenna can be achieved.
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TABLE [ SIMULATED AND MEASURED RADIATION PATTERN OF THE PROPOSED ANTENNA,

Simulation
-

case A

case B

case C

case D

case E
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TABLE [ (continued) SIMULATED AND MEASURED RADIATION PATTERN OF THE PROPOSED ANTENNA.

Simulation
case F
case G
case H
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ABSTRACT — This paper reports a low cost switched-beam
anfenna operating at 2.45 GHz. This single octagonal-shape
antenna allows eight different beam-patterns which can be
controlled by shorted-circuit terminations at different edges.
The prototype of proposed antenna is constructed and tested to
demonstrate its beam steering capability compared with
simulation results. In addition, the prototype is tested under real
circumstance in existing WLAN infrastructure. The measured
results reveal that signal strength can be improved using the

proposed over i-directional a utilized in
these days.

Index Terms — Antenna measurements, antenna
configuration patterns, current distribution, microstrip

antennas, short circuit currents, switches.

1. INTRODUCTION

As the demand of wireless communication has been
dramatically increased over the last two decades, wireless
system operator needs an extra frequency spectrum to cope
this enormous demand. Unfortunately, the available
frequency spectrum is limited. One technique that is capable
of increasing the wireless system capacity without additional
frequency spectrum is a smart antenna technique [1]. Smart
antennas are multiple element antennas accompanied by
suitable signal processing algorithms either at the transmitter
or receiver sides of a communication link. By pointing their
beam towards a desired user and nulls or low side lobes
towards interfering sources, they are capable of considerable
improving the quality of signal transmission in a multi-user
environment [2]. One attractive category of smart antennas is
switched-beam antennas [3]. The switched-beam antennas are
constituted by an antenna array, a simple beamforming
network and a beam selector. The beam formations having
main beam directed to designated directions are produced in
beamforming network and then the beam having maximum
signal strength is selected by low-speed beam selector. These
antenna  systems are relatively popular as their
implementation is not complicated and also not costly.

Recently, most of wireless access has immigrated from
outdoor to indoor environment e.g., Wireless Local Area
Network (WLAN). Even for mobile telephony, signal
repeaters have become an infrastructure in most of building
in urban area. To deal with the limited frequency spectrum
and also achieve an increased quality and capacity of wireless
access, the use of smart antennas is envisaged.
Implementation of smart antennas at mobile terminals e.g.,

978-1-4244-2802-1/09/$25.00 ©2009 IEEE

notebook or mobile handset is a preferable choice. This is
because any failure to smart antennas installed at access point
may cause undesirable damage for over all users. Thus, the
matter of size for smart antennas, even for low profile
switched-beam antenna, remains a limiting factor for
fabricating in mobile terminals. Also, low implementation
cost is required. This has gained lots of attention from
researchers nowadays.

From the mentioned motivation, some examples from
literatures for beam switching using single antenna element
are discussed as follows. The work presented in [4], has
demonstrated that we can accomplish the beam switching
using a spiral antenna. The beam direction can be controlled
by adjusting the spiral length. However, this antenna is
considerably suitable for a static situation having fixed user
location, not for dynamic system e.g., WLAN or mobile
telephony. Also the authors of [5] have proposed a square
loop antenna capable of beam switching. The antenna has
four feeding points. The radiation patterns can be steered by
changing the feeding points. This is considerably not
practical as the feeding network is relatively complicated.
The work proposed in [6] has revealed a low profile antenna
which is capable of beam switching in two directions. It is a
simple rectangular patch antenna fabricated using single-layer
printed circuit board. Its beam can be controlled employing
PIN diodes. This is considerably interesting as it is small of
size and low of cost. However, it is able to switch the beam
pattern for only two orthogonal cases. Therefore, this paper
proposes a low profile antenna which is able to switch beam
pattern for eight different directions. As its structure is very
simple, manufacturing need only a few pennies. To reveal the
true advantages of the proposed antenna, experiments under
existing WLAN infrastructure are also undertaken.

The rest of this paper is as follows. After brief introduction,
configuration and manufacturing of the proposed antenna are
discussed in Section IL In this section, the simulation and
experimental results are shown to confirm switching
capability of the antenna. In section III, The antenna is tested
in real circumstance having WLAN operation. The measured
results of the proposed antenna are shown compared with the
ones resulted from omni-directional antenna. Finally, Section
IV concludes the paper.

Authorized licensed use limited to: Suranaree University of Technology. Downloaded on February 22,2010 at 01:59:44 EST from IEEE Xplore. Restrictions apply.




II. ANTENNA CONFIGURATION

In this paper, we adopt the advantages of the antenna
presented in [6] as its simplicity. In [6], the square patch is
sized by A%/4 m, According to this, the size of the proposed
antenna in this paper is also limited by 4%/4 m’". To increase
the degree of freedom for beam switching, all four corners
are cut being octagonal shape as shown in Fig. 1. The antenna
can be view as it includes eight pieces of triangle having its
area of 1%/32 m’, height of 33.63 mm and width of 27.86 mm.
Note that this antenna element is designed at 2.45 GHz.

After having completed the design, the antenna shown in
Fig. 1 is fabricated using single-layer printed circuit board
using FR4-substrate with dielectric constant of 4.5 and
substrate thickness of 1.6 mm as shown in Fig. 2. The SMA
connector is attached from one side through another side at
the patch center. The antenna has maximum current
distribution at the patch center while low current distribution
occurs at the patch edges as shown in Fig, 3. Different edges
are chosen to be terminated with shorted-circuit terminations
to provide different radiation patterns. At each edge, three
shorted position are required and the adjacent positions are
apart by 8.18 mm as shown in Fig. 4. The radiation patterns
can be classified into two major groups providing eights
different patterns as follows.

Firstly, four edges having minimum current distributions,
A and B according to Fig. 4, are chosen to be terminated with
shorted-circuit terminations, namely cases A and B. The rest
of four edges having low current distributions are second
choice. In this case, edges C and D are terminated with
shorted-circuit terminations, namely case C and D. To
increase the variety of beam switching, combination between
the mentioned four cases are considered. Mixing between
cases B and C provides different radiation pattern, namely
case E. Shorted-circuit terminated at edges B and D is name
as case F. Also, combinations of cases A and C, and A and D
are name as cases G and H.

Performance of the proposed switched-beam antenna in
this paper relies on its radiation patterns which are obtained
from simulation and measurement. The CST Microwave
Studio is utilized as a tool for simulation at 2.45 GHz. To
confirm the performance, the constructed prototype shown in
Fig. 2 is tested in anechoic chamber at 2.45 GHz. For
convenience, a wire is utilized to short at the given position.
However, electronically shorted-circuit network for this
antenna can be simply handled by PIN diodes or transistors.
However, shorting at different positions gives rise to different
antenna impedances. This can be handled by single open-stub
matching designed at 2.45 GHz which is already included
into the design.

Table 1 presents the measured radiation pattern for eight
cases, A to H, compared with simulation ones. As we can see,
the simulation results have a good agreement with the
measured ones. The beamwidth is relatively similar. Also,
beam directions are moderately comparable. The average
measured- gain for eight cases is 9.12 dBi. However, the
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Fig. 4. Cases of beam switching for the proposed antenna.

136



TABLE1
SIMULATED AND EXPERIMENTED RADIATION PATTERN OF THE PROPOSED ANTENNA AT 2.45 GHz
Simulation at 2.45 GHz Experiment at 2.45 GHz
— s b a g = nun,;
== e

—®—case 0

—8— case D

case E

—— e G

backlobes for some cases are slightly different. This may be
caused by manufacturing error. However, this low cost
prototype is able to confirm its beam switching capability.

However, the above results cannot reflect the true
advantages of the proposed antenna. Therefore, the further
investigation is paid to testing it in existing WLAN
infrastructure. The comparison between the proposed antenna
and omni-directional antenna utilized in these days is on
focus. The signal strength is an indicator to show the antenna
performance because signal quality and throughput can be
reflected from signal strength.

1. MEASUREMENT AND RESULTS

The constructed prototype of proposed antenna is tested
under existing WLAN operation at 4° level of C-building,
Suranaree University of Technology. The layout the C-
building is shown in Fig. 5 whereas there are 4 access points
represented by small mobile phones. The measuring points
are 4 points as we can see number 1 to 4 in Fig. 5. To confirm
the stability of measured signal, 3 times of measurement are
undertaken at each point. The prototype is connected to
WLAN module (WL-U356A) from PLANET Technology
Corporation as seen in Fig. 6. The signal strength is recorded
in notebook computer. The comparison between using the

proposed and omni-directional antennas is in focus. Note that
5dBi monopole antenna is used in case of omni-directional
antenna. Also, the advantages of beam switching for the
proposed antenna is emphasized by comparing with the one
without shorted-circuit termination.

The measured signal strength for all cases mention above is
shown in Table II. The value in bold and underline represents
the maximum signal strength in each case. As we can see,
signal strength in case of proposed antenna is always higher
than the ones obtain from monopole antenna. The average
value indicates that we can improve signal strength up to 14
dBm over using monopole antenna. Furthermore, by
comparing cases A to H with the ones without shorted-circuit
termination shown in Table II, we can confirm that the
proposed method to control the beam steering improves the
capability of the antenna.

IV. CONCLUSION

This paper has reported a new design for single antenna
element capable of beam switching in eight directions. This
single octagonal patch antenna can control beam direction by
shorted-termination at different edges. Its beam-switching
capability has been confirmed through computer simulation
and experiment. Also, its true advantage has been tested
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TABLE II
RESULTS FOR SIGNAL STRENGTH (dBm)
Caga Position 1 Position 2 Position 3 Position 4 Koais
#1 #2 #3 #1 #2 | #3 | #1 | #2 | #3 | #1 | #2 | #3 ge
A 70 | -72 | 68 | -66 | -69 | -68 | -67 | -68 | -71 | -568 | -60 | -63 -66.67
B -67 69 | -70 | B0 | -72 | 69 | 67 | -67 | -66 | -56 | -60 | -62 -66.08
C 69 | 69 | -70 | -70 | -68 | -67 | -65 [ -68 | -67 | -65 | -62 | -60 -66.67
D -68 | -70 | 69 | -711 | -70 | -70 | -74 [ -71 | -71 | -65 | -66 | -62 -68.92
E 67 | 63 | 61 | 60 | -63 | -59 | -63 | 60 | 63 | -54 | -53 | -58 -60.33
F -60 | 60 | 61 | 62 | -59 | -67 | -65 | -64 | -65 | -67 | -66 | -60 -61.33
G 57 | 60 | 61 | 62 | -60 | -68 | -65 | -63 | -64 | -54 | -60 | -58 -61.00
H 64 | 65 | 66 | B4 | 62 | 67 | -66 [ -66 | -66 | -56 | -58 | 55 -62.92
noshorting | -74 | -72 | -75 | 69 | -75 | 68 | -71 | -74 | -7T4 | 62 | -64 | -64 -70.147
monopole | -76 | -7 | -79 | -72 | -76 | -77 | -77 [ 81 | 83 | -68 | -63 | 67 -74.5
under real circumstances. This antenna is considerably 2004.
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