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ABSTRACT

This thesis presents the process of evolution in nature with the so-called “Evolution
Strategies (ES)” to optimize the loop antenna of Radio Frequency Identification (RFID) system at
low frequency band of 134.2 kHz. The Evolution Strategies is used to optimize the antenna
parameters that are simulated by Numerical Electromagnetic Code. Subsequently, structural
analysis of loop antenna in walk-through gate arrangement and shifted gate techniques are
described. Finally, three loop antennas in walk-through arrangement with shifted gate are
optimized by Evolution Strategies. The consideration of antenna ability is carried out by the
percentage of volume that is used to evaluate the communication performance between reader and
tags. The optimized results are useful for guideline of the antenna design. The prototype antenna
was fabricated and measured. It is found that the measured percentages of volume are 100% at

distance between gate antennas of 100 cm.
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51 2.2 uinvesszydnyaenAAUINgUUDUEAIN [13]

2.2.2 tsziamveauinluszydnyar mananing
o o @ A a ' o a 9 a
gnsaluninluszydnuasnsnduing Uszaneis q niimssaaldauluims
11 9 Tuilegiiu Tasusnnanamnimuandsveslassadaaznseenuuuiudwigam
Y 1 o
frudrntnlszinnueamsiszgnaldau
2.2.2.1 WiNBUVIMIAIMIERY (Disk and coin)
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mezgﬂmiqag‘luiﬂimsNmqnauﬂmumumamwmuaznmimaauﬂmnu

o

v
o 1 a a

{ ' L4 < o yd e
PFiues1ad vinaiduiiugudnaisvesunnstiafiiiawa lifdadwas ldauda 10

Y UALIAT

i < =
3UM 2.3 unnuuDI Az Yy [13]

2.2.2.2 winuuunsznhzuna (Glass housing)
4 o @ @ a ; o @ a ) @ 4
Wuunnn lasumswannuazsanvudmsuldila 13 1A misvesda e ldlums
a 9 U a o o 1Y Y
Aanmdeya Tasmmizeddalumalgdaiuazmsaisisugy dnszuhzudifiving

Ao 1uYI9 12-32 Hadwas

31 2.4 uinuuunszahzudd [13]



2.2.2.3 unpuuuNaIaan (Plastic housing)
a o o A 1 4 9o a 9 o cg o [ v
fouBonnuludedodn PP (Plastic package) 1asumsfnduuaziannyudmsyly
a o =1 lﬂyd
Tufsmsgasmassunalszaniiianudesmsiewiz gduuy unnuuiilivnauiwas

o a : o a o J
aunsori hlaadalseneunuranduaivate q Yszian

514 2.5 iinuuuvara@n (13]

2.2.2.4 whndmsuldiamzne
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1 2.6 windmSuldmmizie [13]

2.2.2.5 UNNMUUN AN (Key and key fob)
< @ A a Yo LY Y 1
unnluszuuszydnvagneaduing aunsa lasumsnaunldeglugilvesnaus
~ d. @ o ol 1 ‘é
e 1dlunisilaladszq nieldiuszuuinuanuiasadisaie 9 Fanasnus
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517 2.7 uinuuuwaanaus [13]

2.2.2.6 UNNLUVHINA

]

Vv
unnuuuEm IdsumsAafuuazWannaaud w.a. 2533-2535 TasuSimdymna
A AaA . a 3 4 a 1 Jd
0dIA3uNi¥071 Sky-Data  laswdnduiine 1 H1iluuriniaiulddeiionaz 14iuginsal
@ 1Y ' <] 2 v 4 ' t.8 s
warasfrau ludnuuzyeudumesuuy 13nsduia (Contactless sensor) ooy

v
andwmsuinainavaw

U7 2.8 unnuULLIEM [13]

< d d [y Y
2.2.2.7 winMAIEIM ID-1 az asnsamiauuulimsduda

=] = @ a [ @ a A @ o P =
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a - o a a a 4 o Y
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g1l 2.9 wiinuAsg W ID-1 waz sansamsauu 13msduia [13]

2.2.2.8 WINUYY Smart label
o @ A a = Ay Yo ﬂ
Wuwiinluszuuszydpvagniniuing veigainldsumsesnuuuilunszaiy
° [N 1w d
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N1INNVIA

U7 2.10 4NAUVY Smart label [13]

2.2.2.9 winuuuvAaIauuTil (Coil-on-Chip)
<1 @ A a a d”d 1 < A 2 a
unnTUsZVUITYANYUTNNATUING FUALTANVUAPANIINUNALDLDY 9 Bl
[l ' o @ v o 1 o o
MIUENAIUTTHINUNNNVYAAIANT D109 INIABHIFALIY UAT NS VUNNULVVARIAYY

v .
Fihiuszswdrnmilusaalameemeasiineslseuanadieiu

2.2.3 1n303814UBYA (Reader)

1 4 ' < 4 a 1
Tasmihnveuniessunie mayeudeieilounissudoyansluuiindae

R

@ aa & 1 [ ~ v A o
yawunnudIng moluniessuuansdszli 2.1 szilszneudls awemaiiinnua

araneuauive 195udedyana masu-dadyanuing uazaesarugumseu-Woudoya

o o

o o ' a - a s & 4 1
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Y

- yamanimthiidlumeeima
* 90T PUAYY I

' 4 1w a L4
- wihwlszuanadoya waznnwenABAUABNNINDS

o ] 4 1 4 1 o L4

Taoia lmiholszanadoyaiegnislumiess wiin14iiu luTasneuInsames

@ a 4 ] ° { @ g { Yo o
Fedanesiufiegmelulsunsy sximihiineasiadoya (Decoding) M1450 uazi
nihharrefuneuiuAes lavanyuzyuiauazgilsaveuniosemzuandiaiulla

' I~ a Y] B |
Usziamveems o iy nuuiiedevinadinnieaamia v T swnalngimnlszg Gate

size) 1 udu

T Driver k L Magnetic

Generator field
g
y Filter —J
Processing Envelope
< &
Unit Pa Detector
Limitter

31 2.1 danlszneuveuniessudeya [1] ua [13)

[ < 4 A
2.3 pauanyuzvegUnIsTUYsTYanYUZMInaINg

2.3.1 aNHAUZNIINIU (Operation type)
d u 4' a a’: [~ A A ' 9
gUnsalszUuTEYAn ¥ULNIIAAUING (RFID) N0 (Tag) niom3Inioudoya
=) o ' ' é 1 o 1
(Reader) 3zl jdunumaninuesilasdianiisszndiamssudadoyauuy Full Duplex
(FDX) / Half Duplex (HDX)
2.3.1.1 M35uasveyauvy Full Duplex (FDX)
4 1 o M o & ' o 1 1 L
nIveeIuIzIMIdIdygyiudoyasenaasanal Funinuindunisdandany
] 4 a ' as < { 1 a Y
T wiumeaauinglswidiuunniegluuSnaums1¥anudie uaziiesninanuuss
A o Aa a o 1 A0 ¥ 1 o o Y Y 1w '
vosnaudgyganNuRIMgRUNNaeMNTMasdd M TaTuua Iy dyaraeidsll
lhidundessu nieondaldwaiiszdudygrasuniulziluegdie Wesududyaa

o

- 1 A U 2L a g% o Y 1 v
ngndevenunnniesstu deliundane i uduvesmue v Iddsdygaesninldye
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nhdniudsdesiiinasmslunmisadrennuuandivesdygiunauingininsdeoenin
[~ 1 & Yt [ Jd 4 = ' 1Y A ¥ A '
NAUNALAAZIATY THleNanyal (Identity) Nuana iU e 1T o8 WA NI DUBNNLS
1 4 1 o A 4
unasnu ldedragnaes Taslduequandyaanuy Load Modulation ¥n1sdeaisuuy

Full Duplex in30381udoyaaziimsdedygraiawiioasinivuazudaaiumdny
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1w

@ 4 1 v o =] 5
I I duuinldaaeanar msdedyanunmniesedoyalidauiin (Downlink) uaz

1 a @ 1 4 ° -4 y gy Yy v
msdedeyavinunniuduniessudeya (Uplink) asanszivuiielan1a i

infludessedanaz lumsdallnduudediala degiii 2.12

Procedure:
FDX:
Energy transfer.
downlink: _—=
uplink:
HDX: | |

Energy transfer:
downlink: | |

|
I
wphink: | |7 l om—

|

gilﬁ 2.12 ANUUANANYDINTADAITHUYY Full Duplex ttag Half Duplex [1] ttag [13]

2.3.1.2 M33uasvejauuy Half Duplex (HDX)
Msdedsuuy Half Duplex 130981mazihnsdendsar il U1 duusin
BGLLETREY Famsdedaganmninniesen lduin (Downlink) uazmsadoyanInuinmy
11891A3998114 (Uplink) wdealimidimueianizadamssudedeyazuituniesery

=} @ {
wazunn AIgUN 2,12

2.3.2 YSmnavya (Data quantity)
o d o @ 4 a = ' o P
Taomalgunsaiunnlussydanyusnienauing wivuiaveaniionaus wiei
a - @ 1 9 = 1 :,‘ ' e o <
HouisonAuNuAnINYYeYa (Data capacity) Tavuiadaua lain lud T sudanaie o
a Jd w [ < @ A a = U & ot 9o Yt
Ala'lud dredrunnluszydnsaznaauing Snnquunitai ld5umsesnuuuun i

o

= a z 2 =] A = o =
VUIAANNYUNYI 1 UA (One-bit Transponder) BN AUV UY nlsmdsendauasil

[ o 4§ 1 :
yszaea lumai W Fauisawensudeaarmniwminiu

2.3.3 anvanselumslydsunsu (Programmable ability)

mssuunlsznmveaniinluszuyszydnazmentuing mudannuamsely
ms Tsunsudoya annsauviseen Ididuuditnd liannse Tsunsu'ld Faniolussiing
Foudoyaiioruiusimavnuiela 4 muitldTumdedroinndudaonmsunaauas 1y

d

aunsanldouudasudlvld Smlse mnnmxi‘lmmn"luswumwnaﬂumwmmaumq 7

annsanms Isunsudeyariumianiossld mssansdrdusids (Sequence) Tunsdi
g A S g a 4 o

voaunniawisa lusunsuldriu alimatdanl§lumsianisiszuianadeyaldiden

W uiuSeanamaiin
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2.3.4 UHAINBNAINY (Power supply)
va a da o w a A y a
duguauiananaianianudiginalumsinsauaenlsunnluszuussy
@ 4 a q’: ; o [~ ' =
Fnuaznanduing Nefimwsoswunlszanvewinesnidlu 2 ngu Ae nuumiadgv
&£ o 4 ] 0.4 @ 1 o
(Passive transponder) Fuiluuiini hideanisunasiieussy 1ineluda udszerdonis
. ' 1 &
wlaadganunda ihidannnaniessmwuiu lWdouiivsedufer dudndszian
£ = & ' < 4 '
Wile fio uuvudniin (Active transponder) FadvamiszuunieIawlunnme l4douy

' b4
Trushlszuananfadsegnioly

2.3.5 ehuanualynu (Frequency range)

ANUNINYVBINYD 1911 (Operating frequency) TUNIATTIUVBITTUUILYANYUL
v

a Y =

& 4 da d 4 w9 ; o .
NNAATUINY uuilzm:wmﬂaummn"mqmﬂsmmummimwn'thmu Tﬂmx'ln

o 1

' 4 { ' 1Y A = - ' 4 a
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aduuumanudiernuinieseiudeesn l Tasusnuezauuanalaiudlomaiin

s =] 4 = < q
ASUDQIAATYYIUUDY Load  Modulation  UsziAuvesnduauannunndaluly
azdngluninininsan luilsgiiusdummzldausuluszuussydnyazma

i o o < ! : 3 Wl . S 4
AduINg 92aglud AR ISM (Industrial-Scientific-Medical band) Fuiludunaudn
° 9 a a o 4 9 9) '
fmualunisldouludgaamnssy Innmans waznmsuwnd awnseldanlalagli
asanuianudnlFaulumsdeas Taeva hliiaawdldou dimsuaaunmenldnulu

@ A a ' v ' 4 o vy
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9

v .
- o

- GIUANVDM (Low Frequency : LF) #1021 150 kHz

« 971U Y9 (High Frequency : HF) 13.56 MHz

@
' '

. dmmmﬁqqﬁa (Ultra High Frequency : UHF) 433/868/915 MHz
: 3 ,
< ganun lwlasnd (Microwave) 2.4/5.8 GHz
Tunims1dauaesdiuanudnsaszmunzdmsvldnvauniiszoemsdoasd
oyaluszoz1nd (LF szozemulszuna 1 vudims auda 1 was uag HF szozemszana
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naaaluaisnei 2.1 waz 22 awdwy lumsiendetiu £ vy A il
a L4
wnediay (MHz)

§ o o w 2\ A8 ° o ' o 4 '
m519 2.1 Jadinananunduauwimdn ihd miuequd 185 uadumimanIddhen

Y

15N [17] uag (18]

AMd anuduau Wit (vim) | anadvaunsiman (A/m)
9 kHz - 65 kHz 610 24.4
65kHz - 1 MHz 610 1.6/f
1 MHz - 10 MHz 610/ L.6/f
10 MHz - 400 MHz 61 0.16
400 MHz - 2 GHz 3/ 0.008/"
2 GHz - 300 GHz 137 0.36
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s, +0.817 if(p>1/5)
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Begin
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Create a random initial solution ( x[#,],s[¢,])
Evaluate f(x[z,])
For Generation =1 to MAX GENERATIONS
Mutations parent and selection using:
Xl = X[2, 1+ Ny (sl2,1)
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If (f (x5 [2,1)>= 1 (x[2,])) then
x[4,1= x4 12,1
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x{e, 1=x2,]
End if
If (criterion is fulfilled) then
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Performance Enhancement of Dual Loop Antenna for Radio Frequency Identification System at Low Frequency
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Abstract

This paper proposes the perf ¢ enhancement
technique of dual loop antenna for radio frequency identification
(RFID) system at low frequency band (134.2 kHz). The antennas are
arranged as a shifted gate in walk-through gate installation for
communication with tags in every orientation along a line. The
Numerical Electromagnetics Code (NEC) and the genetic algorithm

(GA) are employed in analysis of for suitabl

characteristics. The antenna parameters obtained from simulations is
fabricated and measured to confirm that the antenna performance is

improved indeed.

Keywords: Radio Frequency Identification (RFID), dual loop antenna,

percentage of volume, genetic algorithm (GA).
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