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ABSTRACT

A part of important consideration in wireless communication systems is the free space propagation
loss. In this thesis, we focus on the characteristics of radio propagation channel in Radio Frequency
Identification (RFID) systems at frequency range 2.45 GHz which depend on different angles and distances
in an indoor environment and also analyze about the presence of Bluetooth (IEEE 802.15.1) system of
wireless personal area networks (WPANSs) to the performance of RFID transmission because Bluetooth
communication systems operate at frequency range 2.45 GHz. The Friis’ transmission formula is
considered. We will show magnitude and phase of the antenna transfer function, bit error rate (BER),
power loss, power gain, correlation coefficient and rms delay spread for analyzing the radio propagation
loss and the interference effect of Bluetooth signal to the performance of RFID transmission signal. We

believe our study would give a good guideline for further researches and design on RFID systems.
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Round PCB

Handheld Tunnel

Terminal

71l 2.7 (A5 998 1UYOITZUY RFID [6]
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Reader Antenna |  Transcelver Microprocessor |
Connection | 1 Input
Transmitter Encoder ~ Decoder 7o)
Reader Antenna ] ] Interface
Connection
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r’ Memory
Power
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|

Serial Connection  Network Connection
M A .
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13098 ud0ya (Reader 130 Interrogator) HnvhiidiAg Aemsivdeyandunin
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2.4 HANNTNINUVBITLUY RFID

Microchip

T
Antenna

Computer

51 2.9 uwuAaIMITUYeITZUY RFID [2]

' R : '
maTuTad RED duszuumidemsiiuonauinguuiluadunmzie1dlums
4 " L4 a { ' a = o e 1
demsdeyaszninginssizeriiafifonit aandidnnsedind (Tag) wazdrsudoya
&£ 4 ' & o ° g
(Reader) ufumsdomsuuy13a1u (Wireless) #um19e1met dandnnshranuidiosduvos
L d
521U RFID Asiifo
o 1 A ] o ' 1 A [
1. dasmdeyavzdesnduuimaniireenuiodiedeiios uazneunsi9vy
[ s ad a d1 a9 ' =y ] o A ' A A Y
Faygrunndanandianmseiindniiduwiegluuinuaumuiman Iwdmieli nsedmiv
A da @ 1A o a -: & ]
wiliidemsasensaniuiimveqaadyaauiavunie b
A o~ ad a oy 1 “ ] o ad a d
2. ifefinandidnnseiindidunegluuinuauiniman i anndidnnsetind
o [ A a a o ¥ ] a y a =
o2 185y ihiRanamsmiiniesndumiman Iduite nandidansedind
Sy Taserdonanmsiiauauuuanaves lufa vhsuad Geaussdumitenirlu
3 oAk ) v d A& | Ad a . .
yaalaTiAaTuINduLswiannnnieseniia ) aounfasla1una (Time-varying
[ ad - A ad a 4 '
magnetic field) WHMBRIMAYBINAINBIANNIOTInd Hionandianns plinduazIAT0I8 1Y
.’J (] Y ] A — = A a 4;’ '
aeagrinanuluszoe 0.16 MIveInNeIveInaunInEn e Semlsingmsalninaiuin
. 4 ¢ - w a . F e |
Transformer-type coupling  uihuilsingmssiuu@eadumsifiaussdu Iifumiionivu
seniavanlInlgugil (Primary) HazvAaIANAUQI (Secondary) Tunsiuaneswed
1 e w _a 4 a & ,
(Transformer) 921 u29vsAugwdmivesuionalniiadulunmsdedoyavesnain
fidnnseiinduazezdadoyalumitsniudimumsueguatunaduwinzudiesnuimi

muemenegmolunandidnnseiind
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A ~ ' ad a o a e a
3. Aaummziignasesnuininaaindlannselindeznaman/aounlaeniage
c: o A; 1o =
aud nianla Tav 29v3vesmeeinmAssiinmsuegoadeyaiuegiuiimnegian
4. injesdoyaszasniuanunlasunlasvesndunwimzilasesnuuiludeya

wdrihmsnenasvaierdeyalyd1dausely

2.4.1 msaemsuuy 1¥meveaunnalulad RFID
mséams%’agaumswn RFID fosgninaunnuaz@ieudoya (Reader w30
Interrogator) wdomsuuy3amorieinia Tassziidoyaumiimsuegian (Modulation) fiu
ti -i -!'l d‘a = ﬂ. Ll [T 9/ o [l
aaunwmznilunaunwdIng Tavlia1we 1M (Antenna) nag'lummwmgmﬂun'Jmuazm
A A4 ' ad o A
aauFaiaeaniiu 2 354 ufe
=, 4 o A ' ‘ . . n .
L ';‘is'mﬁum1ﬂauunm5n'lﬂﬂ1 (Inductive coupling n3o Proximity electromagnetic)
#mFudun1udM (Low frequency: LF) 131 150 kHz 1azt1MAMUATA (High frequency:
HF) 13.56 MHz
ad VA - . . y o o
2. Fmsudnauuiman i (Electromagnetic propagation coupling) M3 ut1UAND
404 (Ultra high frequency: UHF) 433/868/915MHz wazgunwd lulasin (Microwave)
2.45/5.8 GHz

1 2.10 msdomsdrndumiman inihvesszun RFID [6)

RFID fmsMI9IHYe4s UM ARSI UATABA (Digital communication system) D

A 4 W ad =
MsaatoyaTTNIAUATOIO 1Y (Reader) NV R INBIANNTOHNT (Tags) Y8938V RFID Tu
AsTUIUMIAomsuuuATanarzefonanmaidisiadeya (Signal coding) MINANIH

o F 1 4 a e 3
ﬁaagmﬂmm%uwmz (Modulation) msmaﬁuﬁmmmaan"lﬂ (Transmission) N13NDAVDYD
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2ONVINATUNINE (Demodulation) ﬂ'lillﬂﬁiﬁﬂ’ﬁigm’]mﬂ’fﬂy‘ﬁ (Signal decoding) ﬁ@zﬂﬁ 2.11

uﬁmms"lnmmﬁ’q;qnmua:ﬂauﬂaiusxuumséamsuuuﬁﬁma

Noise
n(t)
Transmitter Receiver
Information l To Information
3""“‘;;:" " sw - s(t) r(t) Sﬂ'l:({u'iﬁr)
Signal | _ICarrier]| o Carrier u
P g ;3-. circuit Channel circuit

11 2.11 M3 navesdygrauazdeyaluszuumsdemsuuuainea

2.4.2 M31NIHa (Coding)
¥

- =) & A
uinuer il 39d

msfudedeyauvuassliasanezilidoyafidauns i
msdedusEmadsiaaunld damsdisiaszsaomsdaunsudeyaiugans uashign
sumunndssunaumevesn madhsiaduiion1dsuedsnevnalumsdomsuuy
asnon Tuszuumsdemsuuuasaeatue 1dadnuel o fu 1 unudeyaTasaimuand
vosdoyavziludidmuan o fu 1 vewsazdadeya doyaszgniaGoailuuuineunie

. '5 . I s P
1dunsa (Line code) ¥401AT§1UYDY Line code WHHAWUIATIIU mgﬂ'n 212

NRZ coding:

1 1
Manchester coding:
{bl-phase)
1 0 1
1 i

Unipolar RZ coding:

—_——" TQ_I -
ra
L._l
~

41 [ 14141 2L
Miller coding: _+ + + +

Modified Miller
coding:
1 1

1 o

517 2.12 %1iAv94 Line code 1114 Tuszun RFID [6]

82874
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— ' . a0 a A& - 1
9103107 2.12 15192V WIATFIUV6A Line code Hognawiia eiinuuanaaio
Snwmgnsiaadn 0 AU 1 7 1Hanyazdy muanA iU Line code Ainuvosuazitionld
fio NRZ a2 Manchester coding
b o o 2 Y aa aa &
MWLM AIADS (Manchester coding) 1Hun131415% ﬁ‘ﬁoyaﬂmamwm
1 { A 1 s 1 y 4 s o
Aouddoyadsriumadhsiaudinzgndaliuegian Woudilymuneasumsdelng ludves
' v
doya [{finaninnsdensynedyanamuladiumniinsdedyauataoaluszau@o,
aaromuiiugaeen wu dedygrudsaoaianednidiu 1 eenll 20 daAadedu sxild
a 4 9/ = A = an [ = o
msdslns ludvesdeyaiianuamamaou (lavdniasesasaeasziliumsaalas ludues
Joyaldimmzlugaeiiimsn/euszauvesdoyann 111 o nienn o dhu 1) wazi 193y
= & o o 1 = = o o aa o Ll
'ﬁ'ﬂy,aNﬂwmﬂmaﬂmﬂuﬂt;g'n1Nﬂa'mw:ﬁ’mnmsmﬂmty1mmmamlnﬂ'h]mums
9/ ') 1 s o P 9 o aa =
Whsvadenou Tasmshsianuuuuuraeeswwlasulvdygy uainoanssn 0 gaunu
&omsulausininasin 11§ 0 uazdya uaiaoaasdn 1 umudlemanlasusininasin
t4 [ ¥
0 iyt dedvesmandrsiaunudiae mldmanasuszduveadeyanng asuiiuled
' A a Y w . w g @ ' ¥ o Sda
uueuNTBIAan15141§9M92 (Synchronize) AUYBITOYANUUIDI UATIMTVITHAUVLUNY

] ' &4 : 4 & e g
JoidvegnanferasmminlFlumsdedeyadeatistudu 2 v fagii 2.13

il
i

qUn 2.13 ansdygugladuiidhaiaumnrmans (Manchester) [3]

-
-

L=
b

o

+

..I-..-q.p-q-.---..

o

sefssssnafrsassnres
CETTE T R TREREE S L)
e l...t’b--l"tii
Tt T o T
sofensssabravarssns

sanmmennshossnashon

2.4.3 msmma’fagmmuaﬁnaa (Digital modulation procedure)

iloanInndnmsfug11vea RFID foldnaumiman i lunsdemsiudadeya
daifu doumsdeaisazdesiinszurunsnandeyaiidrsdal3uda U fundunine
(Modulation) usiiieanindnyuzdoyailuainea F3d09 1435 MsmANILULATADA NMITHAY

ﬂaylmmuﬁ%ﬂaaﬁ 3 3% Ao ASK (Amplitude shift keying) FSK (Frequency shift keying) E

e

PSK (Phase shift keying) fatl
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2.4.3.1 msneganiFuauniauenlaga (Amplitude shift keying: ASK)

LﬂumsNﬁnﬂagalﬂumﬁunmﬂﬁuumJawaauaaaﬁ'umm (Amplitude) 11117
wanainuaizdoya TaunwAYeAAUNINE (Carrier wave) seneit BiAouilos dnyazms
uag]mma‘jafiwmﬁmaqﬁ'sgqpmi’fmgaﬁ%maﬁfiui‘lu 1 -uummaaﬂﬁumﬁ'ﬂzqaﬁuﬂhﬂﬂﬁ
wazidletatiauiiu 0 vinavesndunazanaaninind msueguan ASK wnvzlises1dsy

aMuTsumIEezgAIUMUNINdyg e 1dde

Amplitude
'S

____ Digital
signal

-
Ll

O—wr Timo

ASK modulator @

HF amplitude
M MM W Signm

U7 2.14 msueguaFunYMENAgA (Amplitude shift keying) [6]

2.4.3.2 M3uBQIEATIAYNINNND (Frequency shift keying: FSK)

aad & - A ' a4 ' o
’)‘E‘LIﬁ]“f:]'Iﬁ’Uﬂ’]iﬁ.l'ﬂUuLlﬂﬁdﬂ’J'liJﬂﬂlﬂ\iﬂﬁuW'lﬂ" SUIN 2 ANUDVUBYNUTNIUSUD

ar

doya 0 fiu 1 Tﬂwmmmﬂauwmmammqwmuaﬂﬂau (Amplitude) 2¢ liin/Aounag

[
=

llﬂﬂ’.l'lilﬂﬂ.lﬂ\‘lﬂ'ﬂUW'IHHHilzLﬂﬁUNLE‘IJaQ o LllE)‘lJG‘IiJﬂ'll.ﬂldl ﬂ']']llﬂ’llﬂ\'lﬂﬁuw1ﬂil$ﬁ"\1ﬂ’ﬂ

- i a 1 4 4 o’ ; 1 a
Unduazdietiadanily 0 anudvesndumvinezdmnInlng

Amplitude
ry
Digital
ssgnal o
00— Tim:.: :
‘— >»T 2FSK modulator
HF amplitude FSK o
HF
signal

510 2.15 MsvegamFuaun1an U (Frequency shift keying) [6]
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2.4.3.3 manegranuavmala (Phase shift keying: PSK)

MANN13909 Phase keying (PSK) fiD AvesvnanazaNuavesnduniaz Lifins
lanunlas uadufiszn/douuas fie avesdygunaie diefinsn/avundasaniae
woadannt Ty 0 wienlaouain o Wiy 1 Mavesnduszidvucshin) 14 180 samdae
wanms PSK. a1w13evinldnauuy 2 e 0, 180) n3e BPSK (Binary phase shift keying)
dailudayaaialszian antipodal iipanndaaadilddeiinieamneasedruiu uy 4 mla
(0, 90, 180 ag 270 9IM1) LUATUUY 8 e (0, 45, 90, 135, 180, 225, 270 1Az 315 BIA) Tums
uaqmmﬁ'mﬂ?’;uuﬁ'ﬂgmmiﬁ'ﬂgaﬁ%ﬂeﬂﬁtﬂuﬁmmmam%aﬂﬁfa 3 Uy AFMsuu PSK 9zl

ar = J d' ar i H 1 o 1 \
dyanusumuRaruieviiga lddyganlquamangaudeesmsinuesgaonniuay

FINPINN
Amplitude
F 3
Digital
signal
>
t|)—hr time - e
id 2 PSK modulator [ 1

71l 2.16 msvogaaFaunymand (Phase shift keying) [6]

[ 4 o "
mstszgndldavesszuy RFID sefidnuaznts 1dauiindroiuni 1A (Bar code)
Y] [ oV = 1 e o" ] A L4
asfausnIsiuANudBIMIBnnawet1aig Ida iansansuauesld iiosnnuns
i« " ' . H i o
Wasziuszuuiions1dedrufes (Read only) Tiamnsaiimsilasunlasdeyaneguuni
L ¥

a8 uAnandidnnseiinduesszuy RFID dawaunsanagmuaziuiindeyald dai

{ o o P U ad - o'
stagunsodouuas nienimstuiindeyafieglunandidnnseind ldawadu

Aoamavesd 19
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31l 217 umisfiminzauvesnandidnnseiind luszuy RFID [7]

1 ]
=) -

L ' "

wenuniiszuy RFID Seansaldanlduiluvaziingisdundoun mwuluvus

Fudhidundouieguuainiunsnaa (Conveyor) Asgii 2.17 wielumalszmeiiins 14
d (] ' d' = 1 (5] A 1 a
szuu RFID lumsifuawiiunalasidlduinsmeaiu hidesngasaiedionninig
a ' a d a a 1o ad = o 4

r:’;'“la’f’usmimamuﬁ]zﬁﬂmnmnﬂmﬂuﬂﬁmﬂagnmmmmmnmanmﬂuﬂf‘f’fnzn1ﬂ1sﬁﬂmi
s ar U 1 ld.A 3 1 o J 1 4 1
fussudeya dumeoimavinalvgiidadsegasuinamisvumedn luvuzisouau
T w 1 o a ' a s o a 4
iuaiwernd dasudeyanzAadiuinisuasuiinduauunmasaslunain
ad a o ar wa w w o A w wa
sianmsoiind TavdaTuiid nioudnsznamslfauludgdadiveriuiinlszia nieszyniu

1 w d 1 @ oA 1 o
uanAvesdauAazaIney luhiy

4

2.5 AAUNIHZUAZINIATFIHVBI52 VY RFID

Tuilegiuldfimsswngusznhaudalsama iohimsdimuaunasgiuniamd
AfuwMzYeeszu RFID Tauiimwngundn Ae nquilszmalugTsluazeimsng (Region 1)
nqulszmaem3nunilouazemin1d (Region 2) unzqaiofionguiszmanziusenlna

-l = 2 ' ' ° A ¥ a0
LAYORMIATIAY (Region 3) Faudaznguiszmeaszdmuauuamslumsidenliniminig
Iunussadsemaaudn Tasadunmzildauduluszuy REID wogluguniud IsM
4 ' a0 a

(Industrial-scientific-medical) ~ FaufudiuanudidmuanisldanuluFgaannisy

a 4 ] u 1 HP 4
Sneaas wazmsunnd amrseldou1dlashinssdudwanudnldnulumsdems

W'l
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2.5.1 AAUWINZYBITZVY RFID
o H A H r 1 L]
dmduanuavesnaunvenioy1Fnuiuluszuy RFID p19utiseenldiiy 4 o1y

anwandn 18un
1) dmmm?;é:n (Low frequency: LF) G‘i‘lﬂ'i‘l 150 kHz
2) 61uAA Y (High frequency: HF) 13.56 MHz
3) thuﬂ’l'méfyﬁﬂ (Ultra high frequency: UHF) 433/868*/915**MHz

4) 61a 1 Ty Tasian (Microwave) 2.45/5.8 GHz

‘@uﬂz:arope(ECR: Radic communications Committee)
*# 915 MHz": US (FCC: Federal jons Commission

51 2.18 drunawdin g luszuy RFID (6]

1 = 4 A =t = [ &

ludvessauazanud lunmsdemsdeya dienSouiivuiundiszun RFID ¥
“l%’ﬂﬁ'uwm:ehumwﬁqatﬂmzuuﬁﬁmmﬁﬂumsdq%’agaqeqﬂua:ﬁﬂmuwaﬁqaﬁau
AUy daussuy REID 7ildadunmzemanuddiinmsdedeyad uazsmzdraandu

awad ldefanrsnei 2.1 uaz 2.2
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1 a s L4
gunND nANYUL malyau
g1unWaM -szuzmsivdsdoyalnd -Access control
100-500 kHz -Aunuliga Algdad
ardasgd | -anudlumsewdeyad -syuuadadud
] ' [ E 4 ] "
i llde | -mmdludwiiduiunsnawnalan
125 kHz
1 = w 9/
dpnmdnan | -szezmsiudedeyathunan -syuudeya
10-15 MHz -smiuua Tugnaslueuing -mninmia
- - o ' o o
armdasgud | -anudalumsemdeyarthunais -szpuinuinnuilaean
' ' ¥ " "
Wanahlde | - ludndiduiuwsnareialan
13.56 MHz
GMANDYS -szuzmssudedoyalna (10 was) SEANTANTLE
433/868/915 MHz | -anmiialumssmdeyage -Aaud
AL
AN -szuzmsiudadoyalna (15 was) -Tssnugeamnnssy
TuTasn A lumssdoyags SsEUUIAUMIAIUNI
2.45-5.8 GHz I WNA

d' =} L) q‘ 1
M1919N 2.2 Lﬂ?uumﬂuummwamqq U958V RFID

ghund < 135 kHz 13.56 MHz | 868/915 MHz, 2.45/5.8 GHz
¥HAYBINAIN Passive Tag("lﬁﬁsmmmﬂ'%‘) Active Tag(ﬁuumma"?:)
didnnseting
msmiienh mamionheauwiman i msurnAuiman i
fdaas 72 dBpA/m | 42 dBpA/m | 10§19 100 mW, 500 mW, 4W
FHANUIBAIND EEPROM SRAM TlUAIAe3
FLHTOH 0.5—114A3 4-15 1UAT
dasiudsdoya #n »
YHIAEH0IMA Tnaj « @n
Madamzgnzanning a - T
annsoR ANy i »
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2.5.2 1NATFIUVBI5ZUY RFID

ISO 11784

Funasgdifmuaifioafusoazdoaves ID vuna 64 1n (8 Tud)

- 1 Animal (1)/non-animal (0) fvuanmniudainie lilddad

- 2-15 Reserved 7921 13 lusuinn

- 16 Data block (1) follow/

- no data block (0)

- 17-26 Country code (ISO 3166) THA = 764 finnuasviailszmea

guilu 999 iWumsnaaeudds

- 27-64 National identification code iﬁmmﬁm{ﬁﬁiﬁﬂtﬁmwinfu'luﬂszmﬁ

- National identification Code 92@p3ilszvusansldmsoensvavesdniusdas
1Jszmm‘fumjﬁu-ﬁannaﬂuminzﬂszmﬂfﬁqmmm'[ﬂmﬂm'lﬁ 274,877,906,944

- Country code 10 bits = 1,024 szl #aszmeInefisweniu 764 a1m 150 3166
&1 fluszuy Manufacture code #9409#114N135599910 ICAR (International
committee for animal recording) 1um‘smﬁanmiﬁwmua:mmﬂummgm
w150 11784-85 323 lumasgw Taodamviima ICAR ponliiuguand

' @ 2
Fumssused v AududIn 9xx U314 Country code 911 1SO 3166

ISO 11785

=)

ﬁ’lummg1uﬁﬁ114umwa:mummmmgmmsﬂ'ai’feagasxwiwnmnﬁlﬁnmaﬁnﬁ
(Transponder) FUIA3 09811 (Reader) HRZMNLANIAVBIAALNIHE LAz MUAIATTI
YPUATOI8 L
. amuEndunmyveunioesiui 134.2 kiz amandeuld 1.8 kiz
- doyardhseauuy DBP (Differential bi-phase code) Tavl#msii Inaauegadu
(Load modulation) v aifindumimzden (Sub carrier)

- wnannuiiveadeyaiidaniady 4194 bivs (134.2 kHz 13490 32)

ISO 14443A
0 4 " .
uwasgnilaigniianla Phillips Fufudiannsiousnlulandmiy
=t w o o & o & o -
Contactless smart card S 1Fmuniassmniamiamnasgwibnniigalulandiisvaziova
v
daud Ay voaasgIuAal

b
- fszvuilossumsieildeya (True anticollision)
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[ 19 o 1 4 " = o o
- mssudedeyauazndsan Ilihsznin inseseiiion futiasmniamsaiiu
uuu 15 dude (Contactless)
1 ) 9 @ 4 d 9 ' a aa ~
= L’Jf\'lhlﬂ']iﬂ'lﬂ/l.‘l.lﬂﬂﬂﬂll_ﬂ AUUATANITANITAUDENIT 100 UARIUIN
- ﬂ’)111§"31’1tj (Radio frequency) 13.56 wnnIFIAL
' 1 4 ¥ o o ~ &' 1 ar
o izuzmﬁsmnm?mmu/ﬁmu ﬂ‘lJ‘lJFli"(Tll'l;ﬂﬂ’I;ﬂﬁQ 10 HUALUAT (wagn'u
#10910f)
9 o 1 = ] v F .
- anugndeaveamsivdedeyagedlomaiiamsin 16 bit CRC, Parity, Bit
coding 1182 Bit Counting
[ 9/ 1 A 1 = @ o o o ]
= ﬁamu*umgﬂs:mmmmmu/wﬂu ﬂ‘ljﬂﬂiﬁﬂ'l‘iﬂﬂ'liﬂﬁ'wﬂ']'mﬁ'.lqi'lﬂ\‘l 106

Kbit/ 31

ISO 14443B

YINTFIU ISO 14443B hanasgudainawuiindudsmiann Taonasgud
arwindifvafy 180 14443A defummiziimalimlyasz@ninmitdunn 150
14443A 1%4 aN¥AULNIT Modulate ﬁ'wapméuﬂmmn 10% ASK, BPSK (Binary phase shift
keying) uaiaidedenlunavn Seaiisaninuinsg lududidagn 1SO 14443A 1sAvey

19 A ﬁ o Ys Y a =1 " o J
LpvaAnol Nll'lﬂij'l'ulﬂﬂ‘ﬂﬂﬂu[jﬂﬂﬂﬂ’lﬂﬂﬂ umsu'uwuﬁ"luﬂﬂumzﬂmmwmmu

ISO 15693
WunnsgIuis WAUNALITEN I Phillips 10 Texas instrument #1151 ISO 15693
v ¥
sufigmlszasdlunslFauiteduniuthovondeya (RFID) wnndnzifumnianiia
Eowy e : " - "
wvldaia ) Sevgfidnumezglsiadiy Label annsaildulzuundesdud niedn
Fuddeitoldeniuny 113 18a Tavaunsainduinida i lddaems Tusunsudeya
Y A 1A o =] A ' 1 " e
E 1 ludadnln fiszogmaiiaulnatie 1 wasnnRiesnIu (YUBYNUMI0BALDY
.J'w A ' a ' L = ar = 9
o) uennhaunisssmdannsosmdoyanndnldniondunawin lavld
assusEmsuonuezdoyannnudazdi 1dod1ea
b d .
weneInt 150 15693 Faunndeviumnsgrumsidamdanmegiluny o 14
aulurnaumsdudinands nieunuui 1da Avziiniasnuuinigiy EPC (Electronic
o a 1 . o &
product code) i ugimMuATwaziBumidntovasll e lfaansaldunuszuving 1fadgagn
v
wanndluasgndeunthii Taglifiilgmlan dmiv 150 15693 awnsoAanudeya
Fuan1dly RFID technology msiziinnniu RFID eguinishivendnludauves

aursamsanaly
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FREQUENCY | 125 kHz 5-7 Mz 13.56 MHz | 303/433 MHz | 860-960 MHz | 2.45 GHz
TAG TYPE
Passive IS011784/5, | 1S010536 | MIFARE 1S018000-6 15018000-4
14223 iPico DFAPX | (1S014443) EPC class 0 Intellitag
[5018000-2 TagT EPG class 1 p-chip
(15015693) EPC GEN Il
1S018000-3 Intellitag tolls
(Title 21)
rail (AAR 5918)
Semi-passive rail (AAR 5918) | 1S018000-4
Title 21 Alien BAP
Active Savi 15018000-4
(ANSI 371.2) WheraNet
1S018000-7 (ANSI 371.1)
RFCode

253 ngq’faﬁaﬁ’maaszuumsé‘oammu RFID luilszmalng

2.53.1 hunud 920925 MHz Mdadalildmdadeeeneimsauyauy
lolaInsin (Equivalent isotropically radiated power : EIRP) A 4 Sad uaz"l:iaqagmﬁlﬁ
1¥fdedsoonermeaauyauuloTaInsinfund 4 Jad duudauznisunsionis
Tnsaunauuraand whuidanuduiuniefimawatufivnza

2532 m3ldTumsendihidecldiulueyena gunsel RFID Fadifids
deponomaauyauvyle TaInstn iy 0.5 Jad (BIRP) 1dFumssniulueygia 1%
wazthesn FaA3eeIngaunnau

2.5.3.3 M3nsI0aeudnyMrMaIvINs gilnsel RFID 9zdosiumsnaaey
Fnuazne3¥InNITn ANLAIsNNSAINI InsauuIANuM @ nieandelfiidns
nadeuiuseunasginiesingmnauiivoniy1d

2.53.4 ansmsfuases msldgunsel RFID lildsudnTdunsesmssunau
14mfiﬂ“lﬁkﬁﬂm'siumuizﬁuqumwiﬂnw'la’s'ﬂ'nn?;?ﬂqmmii"mﬁ'amﬁnqwumu§u1u
vinalauSnunitglddesss funslfqlnsel RFID freldiaanssuniuluunanfuid
iiiosnnmaTuTad RFID °1a’t'ﬂ’c";ummﬁ?‘nqx"ﬂuﬁanﬁwa1un1iﬁﬂdaéaﬂ1ﬁsﬁ'ham%"ma'm
1azin3eagnaY $einiuitezdosoomnasgruniuguietlesiuiliginsel RFID dawn
nsEnuApsUMsdemsuay nsmnnaudug Alsadunudingiildsumsiaassogron
uda lieefuszuusudainguay Insviemd oo Insfmiindoud Ingdisde nTede

a 4 = = ) “ ) 1 a A Aa ciilé'lu s ![
aﬂqﬁams INYLAULID UaeIsuUINYMIUU gIUNTUDAAUNINGN FUNITIATTT LAY
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4 4 =3 ¥ - 1 P=| o a 1 -
BIANITINANIAMUMITDAITUIUINA e 1FRImsa1e Taslimsdimuaiiugiunnud
L 1 a o J 0‘: F 1 c: J
dwfuldaufuszuy RFID Aauaas Tasnsmuns vaiideagi 1914 mnud 1sm Faiu
' - e o a o o o -
gwanudmnadmiu1Flureinmsgaamnssy Inemnaas uazmsunnddimivmalulad

3 ' " ' [
RFID uenniudsiinnuiiuly1dhenimamdlududind: 135 Koz (gls1)) uazdind
400 KHz MIewsnwazdtju) 1¥iumaTuladnisfudedya s RFID uuY Inductive

coupling (Hutiisrudndan

2.5.4 manufavennasgusyuudlaiuszuvila

szuuiila Open system) A szuvRizuuvesdeyaiidaludnuuznduiing
suflouitannsosndnnniessminmunn amufhuanasgezgadmuannmisaile
fatadoya g4 1aem Wannsasdoyadinan1f Fenezifnanmsldiineman 4
DUNIIWNY

- 5v1113lA (Closed system) fi® 32UVTinguoaM 31 Ha (encode) uAZMIIROATH T
(decode) gnimualilasinmzinzas wiedmmiznguildniduiive

dmfutho RED Dogiuildendaihmasgmszuuida safuune (vendor) Aes
wan uazaiuayuITULYeIAUIes dauma TuTaduns1da Lﬂus:uuﬁﬁm‘lmﬂumﬁsgmﬁ'{i
sruudlanazszuvila

ot1915a Togiiuiifgammnssunazosdnsunasgudnounniinnemian
5%11 RFID ‘lﬁﬁﬂﬂmﬂummigmmnﬁaﬁu The international standards organization (ISO)
Sub-committee (SC 31) FuffudoanasiiegnoldnmsdissunmaTuladuri1da uas RFID vos
150 Tuflegifu s 31 szfudiszuunasg e Tavilsziduiioarnsuasgiuldmilads
18un

- FEmsdeudhovesssunilaluiiuszuuda i ndesamsauon¥itdos
szuu 31z RFID ansasuihovatotheldlunanfeadu sotuamuiunasgudes
Lifiawddoususyniedoyananuawifidun

- REID  puwiiavenidemuaz@oudoyald udurida liawnsaii 14 uaz
Jotafuash IiAanaintossumsansaniouen Fuffudsiidosiminsanniudiiy
voams 14 RFID sziiindostumsannlgaamnihanasgw bildnhulyidmouesdns
DIngATMATINAN 9 Mlldusauiu s 31 mntiouiiiosla i Ingazilumstia
I Smsuaasliifudngunarss Tomiae q oonun udfdndngnuaaaldiviug i
pafins lugaamnssu RFID Sununnit hivesdilsdennuiunasg i ldausta q T

4 1 ' A o o o 4 o o =
o itae miveanuiunasgu Fuiuileiod iy iivavnsmsianmaTulad RFID
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2.6 MitleaumsvuNUveIT N nUDYA (Anti-collision)

P w ad a o o g ad a d
111ﬂ'l'i'ﬂﬂ:;’iﬂﬁﬂﬂuﬂﬂ'lﬂﬂa‘lﬂﬂmﬂﬂiﬂuﬂﬁ“fl'lﬂ f U YNRIINDIANNITOUNTUAY

o

A 1 [ 9 ot o ad a d 1 o o
a5 08 uaee ldsumseonuuulisesfuanzninaindiannsounduInndl 1 BUNINY

a

v
1 a o a o - 1 = o o -
dadgga) Dwwiundrdygrunimenziingdienn Tunandeanui Ifinanssuve

~~

o o e o ' 1 @ A ' a 1 '

e (Collision) vzl hifidoyala q defisduniessuins msdadesznitemain
ad a do w A ' - 4 o K o 3y
SidnnseindsudunisssunSouaiion Sauvveynsu udtaviiatisz 1de1nmily

] L4
snanlumsdadyau ussuuiailfindadudnaridesdimniugu lildinans sy
Y o de o o = [ a =
fuveadyg i RFID Adufuiiezdesimstlesiuliiinsdedygpunnnaindiannsotind

¥
AUIALINDTIUIATUITUNY

[ w 1 Y da
2.7 99 IMIFVAIVIYAUASUVUAIB
o ar L J L. { y =y
ns1mssudadoyn (Data transfer rate) szAuBgAUAIWAVOIATUNIME TABnAd)
= A a w | 4 a ' A da
AnvdvesnAunmztage sasmsudedeyaivzdageninlidre daumsidenuuuais
v ¥
niethuanuiiufziinadesasinmsudedeyaruiulasindnil uwudisniseeiia,
wnnisasimsiudedeyafidesmisediefosaeanii sndredrusu Srluvudisluda
o o @ 1 1 a -
2.4-2.5 GHz fvzanunsnsesiusasnisiudadeyal&delszunn 2 megabits ApTunit iludu
wams Iuuudisinhaiu o idfailymifeadudygrusuniunn nieild sN

' ] ¥
Ratio dhanfues dnfumsideniduuuaisligndesdidludiudifglumsingen

s 1 9 o ar 1
2.8 szaemIuadvejanasnaday
o 1 9 J 1 [ ar " A o o 1 @
szpzmssudedoyaluszuy RFID YuegivilidodiAgeien e Mdedewenlo
0w 1 ad a o
i’faga (Reader/Interrogator power) 133U IRAINDIANNITOUNT  (Tag power) MDY
amwinadey dumsesnuuuaeemavesiisudeya wiludiimuadnuuzglives
A -] o P @ 19 = & '
aauulman I fsinsznvesnunnmeeIma AiuszozmMIudIveya U1NNBINVUDY
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Foupuntadiugesdygisudonoudertesdyyinulunisfeaisiivziiguauiaves
L ar { 1 ar ey ol 3 L .=Z o -
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/
l  BECGTLTRT]
\
M, Channel
~
-
d
Transmitter
1 4.. 1 1 4' )
AIUVBIUATBIAY AIUVBIUATBITY

qUn 3.1 danlszneundnvesszuumsdemsuuylime

)

3.2.1 Snvazveanauiiparumeluesdaaa

IEIE 'uaaﬂauﬁmmlu1u159aﬂtgtymTﬂum"lﬂuﬁn.,mmummnﬂau"lﬁ
UNsNSY 'inuw1nwwmﬁmrmmmmﬂua1mﬁuawﬂmmty1muuq ﬂ‘mmmqaqumwmvuu
uldaey un:mmﬂsumuﬁ'wﬁtgfym'imzwmsﬁﬂfmmqq SeeFuwdnuazYeniy

:l 1 1 ar o ﬂy
#1duwsnszarunolugesdygradail

3.2.1.1 m3aziiou (Reflection)
) A c: ‘1 4' :I. s ar dl 1 = LY L at =

msazRoude mafinaunaeui lnsznufudinasidnsidasuiudinarauduuds

A' = A'l P £ as [ = J d'. P 9/ s A'l -
aauimsinaoufiazRoundumdaiinaiudy dnaunaziounduuazndunannIznle
= 1 A' 9 d'. o o o Vv = as ﬂi
Gonth adugzRounnzaauannsznUAmAIRY dnpazmInzioudunsaeiine lddsgi

o § &

3.2 ningiluaaslimswdadnuusmsaziouvesnau Favzuamalugvoudunaanionsioy

A a & o 1 9 v '
miloumsiAunisvesadu Tasgildl 3.2 dauvesmisazieusznevalsnauannszny

4 o o R

(umadde) aauazdeu (dumeden) uazidudanin (dulzdredy) dimiugw 0

v
o = 1 A 1 1 e
Na2yufe 6, uaz 6, wifuninmannsznuuazziou Feziinwinuaue
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4 4 4 4o &
AaUNHY AfUNaENoU

Ground

L4
YUANNIENY G yuazneu 6,
31 3.2 fiemsmsindouiivesaduiifamsaziion

3.2.1.2 M3¥NY (Refraction)
™) A A A4 a P P A a A A ' a -
NTTHNINA ﬂEJﬂ'li‘ﬂﬂﬂulﬂﬂﬂﬁtﬂﬁﬂuuﬂﬂ@ﬂﬁﬂ‘Nﬂ'ﬁtﬂﬁﬂuﬂmmﬂﬁt’)uﬂ‘luﬂ'mﬁ‘la‘ﬂ

1 ar z I\ ar ; A 4 a:; -
aretudaud 1 fananediuly Fauiulyamngues snell [9] Tasiimsnlasuudasiamis

g 1 J 1 ar ' T ow A oW ar n’: o = J
mﬂm'mmmﬂgnummﬂmuuuﬂ?amﬂ‘ﬂuuﬂmﬂummnmam 2 HaEMInNnISIinAYU

4 o

4 .
mwzUSnaAvesdnaainiy msnmyesauiiegdaviu 2 dnuuzdoiufe adun

u’: y o g A @ e’:’ ad
Mt dudaninuaznauriniesnnduAInIn AU AHEENDINIAUAIRINNABIID

li fd ar d‘d ) e d..d. ' 9
ﬂﬁulﬂll'l’l'NTI'Iﬂﬁ'lﬂﬁ'1Q‘HJ.Iﬂ'J'III‘H‘Ll'ILlu'ul.l'lﬂvlﬂﬂﬂﬂ'lﬂ'ﬂ'mﬂﬂﬂ'ﬂllﬂH'H.IMN'IJBU Tunia

o o

d‘l = ar d'd 1) Y o o dld ]
ﬂﬁ‘lJﬂlli’l}']ﬂﬁulﬂ‘Lm'Nﬂ‘lﬂﬂ']ﬂﬂ'N‘lﬂi]ﬂ’!'lil?i‘iﬂuullili]EJVI.‘IJUwWI’Jﬂﬂ’N‘I"IHﬂ’J'IIJ'H‘Ll’ll,t'uulﬂﬂ

.
= (Y

¥ '
aduarimmdmududmin aunslumainmssaauiuliamngues snell uaasds

aumsn (3.1)
n,sin@, =n, sin 6, (3.1

Tauil 5, Aedwilinmyesdinane x diu 6, uaz 6, AnyuannsznuLazyRMANEIAY
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A 4° ‘ A ¥
ARUNTY I ARHIEION

.
\umnmzw 91‘ yuznou 0,

I

4 - A - A b LY
g‘ll'ﬂ 3.3 NANINISIAADUNVRIAAUASNDULAZ YN

3.2.1.3 MSIA8IVY (diffraction)

E Y s

d’ ¥ a J 4 1 = L U
msiasuuvendwnatulunsdiniinquisednaniiveuianv1INeegsEnINg
4 ! A o o o ta : p a
nipsdanziniesiudaana vl liidadun1ease (tine of sight: LOS) Tumsiiumaves
4 1 4 1 A ar 1 o 1 T o A ar
adusendruniedeunziniosiy uddygadiamisadaiinlfuniosinld Tas
fa a J n:d dy A a 4:? o 3 dﬂ
Usingmssinfaduil Aiomsideiny advaziAun1e Taemsiaeadondngiiug madsauuy
A dy A e Y A v W o 1 ] o
woantuiesiin Idindesdudimnnsasudyg e lduadunazusdiungnaaneuasly

thaluvaziiniesiugnuatisdiedsinang i 3.4 waaeliimumaialsingnseidsna
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3.2.2 Yesdnyanamanedn
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q1 3.5 idumamsunsnszawdygumainia [10]

131l 3.5 sztuldudumalumsiumeesdygnaidumeiugesdyg e
dodumanauniessuudiivarnduniann suileanvniledenaisd i wu mvnm
A 9 A .:f A ° Y a ﬂ ' a ad 6‘:
YpInaY MIasRouvenau Mmsdouvuvenau mldinadlugesdygrunaiinuues

qimﬁq;ng1mHmafiﬁmu1maﬁu1uiﬂu'h’fwnmﬂuﬂuﬂwmﬁimﬁ’mq1muﬁmﬁ’aﬁnmsﬁ (3.2)
h(t)=Y. Be’6(t-1,) (3.2)
K

Tavit
8(x) feflandu Dirac delta
B, fevuavesdayaal
7, fie na1lumslszlavesdyg
6, Aeyumlavoadagyao

) o @ o = n’: 1 =
k 719 21AVVDITYYIMUUAIAIA 0 IUDI 0

A
3.3 MISUNINTZDILAAY
- 4 A 1 - s 1 -
Tavdnddenauusman TWduaunialyddeeanifing (Free  space) wINANTS
1 A H I o A L] >
UN3N3EI0AAY (Propagation) TiuANAeY dse1vegluglueamsazyion (Reflection) N3

4 2 . o . A& A T | 1 ‘1"' = 1 =2
e AUUU (leﬁ'actlon) HaENIINISIANITTY (Scattenng) FIAAULUNLINEAN 1‘] 'mQﬂﬂ\iﬂﬂﬂll'li]\‘l
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QnaaneuiazengasunIuAdyy e luszuunsdemsdu sauduianmsulasunlasuu
1 v 1
o -y J o L o/ 1 & L
Jagndeusevluvinumaniudrnsuiu uaziieaninszozniesznitunsesduny
4 H A 4 A 1 [} o 1 0’: ] -
e eduiiivuniudedanar innuuswesdya aiisianas sawitovezilvinams
VMY AIDA20 (Multipath fading)
[ & 1 1 ¥ - Y ‘™
gﬂuu'umsumﬂsz'nwﬂaun:aguuﬁugm-ummmmsmmaummmyagmﬁw'lﬁ'
auszeEmansmua Tasszeeniasennaniosds lfun5e951 (Transmitter-Receiver: T-R)
o 9 df P ] 4’ s A'! 1 ]
zgminn1Flumsdszanaiunszniluniesivuazinioads fszezmaiivuianainion

3 - ; - <
wasvy lveFengduuumsuninssneaauuuuiii “mM3NMouUUAINanie” (Large-

¥
'

¥
scale fading) A 3ulugaaszoemadug wieszezmelilnaunnin szifengduuniii “ns
PNV ANAUAY” (Small-scale fading)
y A4 o A 4 ' o o dy vo o a
Sundpetumnaeuiidlvszoznialilnaumin Anuussvesdya i lATuiuzina
4 : o s 4 T
m3nlasunasetesaadsumlfisamsnameidumsnemesuauanuduny e
" n’; ' y o d {
THdyauivuinanauiou 3-4 ¥u n3eilszuia 30-40 dB uadunsesuiinsindoun
4 " 44 4 & da & da i
wasuudatesnadng muszegn ey 49n13neeiinatutizen U uUMINIMIBLLY
mnandie jUN 3.6 uanRantevessruumsAemsmelusmsidygramisdiuiuiing
4 o '
nJ’E'muuﬂmgﬂwamsmwwuwmﬂauﬂmmzmimammmumnani’n nngUaAuIMs
da & . 4 o a 4 4 4 4 o T
919N AT HDE1952A15 T UILAATUA UM TIANDUNVBUATOITY HADULUNITININY

9 " q' ar :: L] 9/ ..-.i
wuvananfianuimsalasunasvesdyananilumsn/dsunatedieing awszezmai

a & 4
INTPUETANRNR TGRS

& 8

g T

&

L}
b

Received P.cmu {dBm)
3

8

63

1415161?181920212223242526'2?28
T-R Separation (meters)

Jin 36 mimamu‘lugﬂﬂmmiﬁmﬂwuuumnﬁuﬂuuazmmnmmmmrman%’n [12]
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[ a d o 1 y

3.4 NQUAUAZHANMIINNZHRTYAIUMSTYTENTUNINTZIBAAY
3.4.1 aumal3alugluuBadeudmivvesdaanalueimaia [11]
Tanndgasmsdaiuveaialdgnldedintrevans uazamnsoiunlszgnald

¥
Tumsfuanosresdayau luszuy RFID Asiife

5O g

HFms (f) V ( f) T

H, (3.3)

o L L 1 ar é - = 1 ]
dmiugesdyauoInaiuuuszydIaudIsaauIng TAnsznmsaariuen
nqyﬁuﬂzwﬁ'ﬂmszhmummﬂ“’:ﬁ'luzﬂuum%m’f'aumnﬁumﬁ (3.3) 84 (3.4) TavAinsan v
1 s - o — & o o 1 a
AURINAE (Tx) HAZEEDINASY (Rx) Hdasveensiidunils HafdumsawToundud

YpveIdnynIMeINAIN H, ausodouldiiu

A )
Hf(f)=me ’ (3.4)
27
k=— 3.5
P (3.5)

Tauh

d fio szoEv1TEHINE e INMATUAZ A I00IMATY (T-R)

A A
9 ANYIINAH

=1
c fio A Iveaaa = 3x108 m/s

£ o AwaimIda

dmsuilatdumsdauanuivessesdyanuedmain H ,(f) lugluuuidedion
vpsaumsyiaannsadouddsaumsi (.6) ssaumsiigmi iiguauiAvesnwauan

nazganwaadiu llmuguemniAvesnnivaumgauna

Ha(f) & Ha(903¢a’f)
TﬂUﬁ = éaHrB(ga’qoa’f)-‘-@aHrv(ea ’qoa!f) (36)

=rort
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14
o

o o [ a a
Taonnes uazfmualiig (Polarize) WAz dUWUT (Relate) AUaMaNN3 (3.7)

1z (3.8)
o,

I
»

(3.7
@ = - (3.8)

L e

dmudnyazvesdygnamsdaiuszlimaiaums (3.9) aAnunuuuuanaiy

'
o o

voadganansuld v, awisodnnaldland H, qudu 7, Tasdmuald H, Ao

u o

@ oo =4 -
Foyananialdluglvesnmuddsamsodondiu

Vr(fﬁd ) =Hf(f9d)Vl(f)
cA -j2n fdfe S
S f _}’; & 20
st WiLls o
N A

] ] ¥V t 4 ]
anumuiuanlnaduluginudvesdygruniy ldinnsansouanuiivuiina
] ar ! J r dl‘ll
nnvesdgauoImaiadi lide Farunsomdgygranivldluglvesnaninmslag

yi3usHniu (Inverse fourier transform) wesaums (3.10) amnsaidiow Idiiu

v.(t)= Eo V.(f)e/*df (3.10)

: Antenna Gain
i G, G,

!
Y .Y
e |

Transmitter Power , P Receiver Power, P,

Transmitter H— "# Receiver

| Path Loss, L |
Feeder loss, L, Feeder loss, L,

g1 3.7 dnlsznevvesszuumsdemsuuy¥me
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3.4.2 aumssadmiuyesdagueImaig
a o c’qf o 1 o L '
Tuineiinusiidumsinsanvesdyaaumsdeiulueiniain Tasldaunisves
A

Wialunmsdszanamamoudygia luvesdygrnuavnedluszdumseimadiduas

Y

o o a/ o

#r5udegii 3.1 Tagdasimsvnevesmeeimaluvesdygueimain G, (1) (1)

o o

ansowoul @il

Gpﬁis(f)=%=6f(f)(?,(f)@(f) G

nnaumsi 3.12 G, () fie dunlsildgudaludnarseamaing awnsauaasTavaumsi
¥
3.12 Asilfie

G (f )Z(Z%] (3.12)

Taoh
- o @ -=;. []
G, 19 MAIVYINAWoINIAM
G, fio MaweeNaweINIATY

d ﬁ‘ﬂi3037!N‘5xﬁ’j'lﬂfﬂﬂﬂ1ﬂ'|ﬁff\11lﬂ$ﬂ'lﬂﬂ1ﬂ'lﬂ‘3"l.l

C « A
A=— A9 ANNENINAU

f

a
¢ fio AU = 3x108 m/s

f Ao ANuaNinMsda

4
o o a o o =
A FANATUMSIAATINIINMITNTENBUDLNS INANYBIMTINUUUNUAIVEA
[ " o 1A n’: 1o @ { ) 1 =
nsanauvesded d Anguinaogiamoeima dwddidsnuiiniznouuuTnuiuives

‘& 4 1 [) o H { s 1 r
n3anay datlnndl @ misdanuilingiiceeimaniaivanas muduny d°

71l 3.8 manszaeuY Isotropic Wudumauesmsgadulueniing
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3.5 madneinlylumsdiaesvesdaaos
lunsdemsuuyZmeiusududesfinnsandeiliiodis q Anldidants
wasuuasseduvesdyana liniluszauvessidsau nanlse3eiinntuilosomani
damaﬁaﬁmmwmﬁ%"ﬁﬁaéu Lﬂﬂﬁmﬁdaﬁqmmmﬂmﬁe'lﬂé'n’qn'lﬂ%'u‘[ﬂunaﬁ;ﬁagu
mirfazdeiinisaseaeuiiosdudaniimanagouninifunai l0nmmameuiiy
Sufudeninndinssiautuaoudts 1 e s wawansznuniensn/douulasdait 18
na1 luuda Tﬂu'luifuﬂaufrﬁmmﬁﬁmwaq futuneuminagevdsiinwiniludoni
andhlolumsiimedans q Anvadeufienansiinsiiigndeaazifede1d Tavly

o 9 dy 1 - a o o [ J
Wmauﬂz'ueﬂm'memmxmsmmamﬁmqq AU

3.5.1 MAIMIgaydensa3n (Power loss)
= ot o A T A A P o 9
duwindmesnddyiigavesmsunsnszneaduingngniunlalumsaaniig
a a 4 & a a g [
UszAnsamussszuunsdens Famsgydudioizununsaanouvesdygiu fivuna
o o @ 1 o ' 1 ' o @
Swdvuanlasiimsdasuilu dB  uazgnimuamuAInuuANA19IENINMEINIS
1 ot \ - J = A
Audaagmaduiy smsgdeszgniiondi magayidelueineila (Free space loss) 49
n’) T 1 e o o o o 1 a
vanuaeylumsdeadygranaziudyana lunsdinsesdygrannalngfenaminme
o A CI- 1 _oa 5 o ar
vosdyyI viomandounvearesdygia nigduditeinvazivhmsialaase
[ y ¥
wiimsgadouuudieg Sanmsvnevesszuunauing Aniuialimsiaisanedaziove
& u’: ° - ' é o a 1 a ad
Favuasuusnvziimidinngdszuumsems 1me dmivludiumigydodaineeg
paudnumzuazsasvneluszuuiudiundig Taoia msgieFaiiausadouiy

auns 1ane [12]

P, (dB) = P, (d,) + 10nlog(di}d2do (3.13)

0

Taoh

]
=

¥
d, e sz0zN1andneds
- i = ndci! 1 a - -
n fle MgyiFuFaianvuedivriiaveseimsuazuinm laviou

d flo s2u=M1ITEn I IMAR LA U T EINIAATUSY
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3.5.2 9NN IVNITIID (Power gain)
s a a = d [ a ad [ )
Saswmodainunldlunmsinseiszuy Tassaswnedainiludunduvesms

qdnFat Tasfinwesdygramedmivaedyapameddsmsgaududainannia

@ouiuaums'lédde [12]

P;(dB) = -[P (d,) + lOnlog{di

0

J];d >d, (3.14)
Taoft

d, fio 530z 1NdeBa

aad

n fin MgaduFaiinvuegiusiavesensuazyinulasiey

d 9 T2LHI9TENI AR INIARTU AN LA I0DINAA NI

a0

353 mwm'hﬁ'ﬂq’f1qn11ﬂssuqn1ﬁ'aa1u

'
@ A 0 oW Adﬂ L] - 3

- o a o A ¥ 4 &2 W
‘W'Ii'llllﬂﬂ'iﬂﬁ']ﬂfgﬂfWI'J'H‘lJ\WIu!lllu'lil'l')lﬂ‘}"]zﬁl'l“lﬂllﬂﬂ\ﬂﬂl.'H‘LIﬂxﬁzﬂﬁﬂ'lﬁﬂ\ﬂu

v ¥ ]
@ oS W o

vosdgaafidhndimaiuinmda q snduaaldiiudwansenuvosdygaiiing
azfoulunareiisianienGunidgyanuvainia lavezBondn nmmihdadiamalszis

#1§997U (Power delay profile: PDP) #9#70613404 PDP TRuaasdagilii 3.9 Taveziiiu
ﬂamﬁ'nﬁufs:n'51aisﬁnﬁﬁ’wmmmﬁmmmﬁ%’n"lr»’feienmﬁn%mﬁauazuanmmfuﬁq
annsoi IR 919 eNan1IN 3L 916M199a7 (Time dispersion) Suilszno lildunsilszda
1139 A0 (Mean excess delay) 11azA1M3H5239 RMS (RMS dealy spread) Favznataly
fadedaly

107

"I I'— RMS Delay Spresd = 46.40 ns

Maxdmum Excess Delay < 10dB = 84 ns

Thieshold Level = .20 dB

'20 e '

Meen Excess Delay = 45.05 ns

Normalized Racaived Power (dB Scale)
1
o

-30 1 L 3 X 1 A . 1 2 2
-50 0 50 100 150 200 250 300 350 400 430

Excess Deloy (ns)

31l 3.9 Medrmmmihidadiamalsziadidea [13]
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3.5.4 MNINIZIWNNIIA

nni 1dnanuudathduindumamsunsnsznvvesdygruseniluniesduny

A @ ) o 1 | ar L] - —a T e
w3oauil ldnarefiane nazdyanaudazansinerdaim ludunaniiszome liviiu
¥
Fygrauundiuomzdunaluszdudumomseninnaduaznindy dygradauil

o a =2 s o P 1 A da A‘ = o -
nvzdumadamasy1diss luvasidgygradiuduninsannsznunuRIY0IIaqUAzINA

b4 1
msazRounatnsindnziAunetanaiy dyanasine: 1dnaimsunsnszneionnum
a1 anuadh lumsiaumsvesdyanaudazdiune IiifailyninGends msudlszls
4 o oa 1 ' ¥ a < VW a a o
(Delay spread) U1 WuAedaanuuaazdiulfnandumataganne hivhdu luinoriinug
dv 9 a - A=i ) o 4:1 g/ [ Y -§ [l
{18 Avsandeaamgnlszieen ldvesdgyapaidundinaiy daludmvesmsnizae
’ . ) o 4 a o a P o =

M998 (Time dispersion) WuaNTONE AT Iag1dnm1ilimesnGundt AundvveIa)
Fusz3unueen lnnfinaufunieaunavuewinliz3e (Mean excess delay: 7) Has
] - & = Ju’;’ o a’ = o -
N15UNY5279 RMS (RMS delay spread: 97 ) FIATWITIUADING 2 mugnumuﬂmﬁumm

(3.15) HazauNsh (3.16) AWAIAY [12]

Zafr, ZP(r,.)r,
j — i=l

gm0 (3.15)
2
2.4 2. P(z)
i=l i=]
Tawui
7 foAundsveananlszd
a,  fio szavvesdyanandunan i
= a d' - J ar dl. =
7, fenanlszldiiatuvesdyanaidunian i
P(r,) fo szdumdsnuvesdyanaudunai i
o w ' a 3 - a -
dmsummsurilizia RMS Hueziitioufe
—2 —y\2
o, =" -(7) (3.16)
Tavhn
3 2.2 e 2
_ Yar > P(7,)7
sl —=b (3.17)
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3.5.5 OATAIUTYRIUABT YA IUIUNIU (Signal to noise ratio: SNR)

lunsdeas awlanialussduvesdyanuiisy WRuasssdvvesdygausuniud
lﬁﬂfj‘umuﬁmmmaannﬂu;ﬂumﬁns1ﬁ1uﬁtyiy1miaf?'tyfgmsumu Faaziily
ms1ﬁme§ﬁﬂmaﬂﬁaﬂmmwumﬁ'ﬂjufmmﬁ'lﬁ%'u nIflveIsTUUATRDAIs 1 lamBRs I
wiamadeiiadenMmiuA e nauvesdygusuniu mandaudndnie

1 an W A i
1 lmeuDITAINA Faamrsouaas 1d luglvesaunisi 3.18 [13]

sNR[dB]= Lo = ST (3.18)
N, N/W

SNR [dB] = LI
NIW N'R,

Taeil
E, fio wiwnunivdeiia
N, fio aunumiuiavesdyaasunIu
7, fie navesdgyauaeiia
W fle uuuAIsveIdRR I

- o d a
R, A9 8n3 3710

3.5.6 DATIUARNANDIA (Bite error rate: BER)
dyausunmluszuudemsildlsz@ninmvesnisdomsanns lnodya
y a 4 1 oa ° ¢ A qol
sumuluszundemsifavuldnawaunqiuiiansgdrvesuyud nielavsssunalu
wu1 15192 198a s aRanaa umasgulumsialsz@ninmvesnisdemsuuyszuy

4 ) a a a A -3 1 ° a a
RFID Iﬁﬂﬁﬂ'l‘llﬂiﬂﬂi'lﬂﬂﬂﬂﬂﬂ'lﬂ U\illﬂ']ll'lﬂ'lllll.'ﬂ'ﬂﬂﬂ$ﬂ11ﬁﬂiz’dﬂﬁﬂ'l‘l'ﬂlil\ﬁzll'u'ﬂﬂﬂ\i

¥
s

v Vv
guiumsaiaiana1aNin1suogiaauuy BPSK (Binary phase shift keying) WU@W130

9
ssuwldlugveanninesidion 18 Tuaunsdail [13]

S,(6) = JEw, (0,0 <t <T (3.19)

S,(t) =~JE,w,(),0<1<T
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310 3.10 nAMe T TRy 1sNeRIAAILY BPSK(Binary phase shift keying)

BER = Q(g& CCJ (3.20)

Oy

BER = Q[——‘Mq}g[,/z(a /N,)C. | (3.21)

2N, /2

—IZIZdI

1
=— | e
Q N2 Jj (3.22)

nraar
C 0

c

- = (3.23)
[iv.cr.ayp dr i H2.(f. )] df

Taui
- 1 " o' o’: Y
d,, 8 338y NITNINNADTNNUNIABIUA
o, fo anuulsdsmvesdygiusuniu
E, fin wasnumasaeia
N, fio anumuuiuMasvesdygusuniu
ar a v w
C. e duilszanfanduwus

0 o anmuninziuvesniuAanaa

3.6 1UU1991A50989 RFID
sV A ALY RFID findnlumsueqaadyarai ldddyapunnainnaiy

& a g oA ad " " . 4
3 huineriiwusaiden#imaiindinisueqianuuy BPSK (Binary phase shift keying) A0 1/
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fimsiauuutasanzvesiiann 1 il o wiewdsunn o Wil 1 avonduay
wavueshin) 1 180 eandan Saifudayaanlszian antipodal iiesnindagaiilddai

é 3/ o o P o = =
inFoanuoastuiuasgln 3.11 dyapaieaauuy Tuws luTamwuna

317 3.11 Fyaumsueqiaauyy BPSK(Binary phase shift keying) Tulansuinm

wanmsn lvesmsuegadagauuy BPSK sz ludaaums

2E
Sapsx (1) = m(t) f—Ti cos(2zft+86,) (3.24)
b

Tavi
4
cos(27 £.£) Ao auduesndumv

m(t) fio dayanudeyaiiinisuogiaa(Modulating waveform)

3.7 HUU91a991A5095U RFID
dodyanuiideldiudesdyauniidygusunin aumsvesdygmniyld

du'ldsaums [13]
2E,
Fapsic (£) = m(t) —T— cos(2m f.t+6.)+n(t) (3.25)
b

Tauh
cos(2z f.f) fio ArmdvosnduwH
m(t) fe Foyanudoyaiiinisuegan(Modulating waveform)

n(t) Ao o YYIWUITVUNIU (Additive white Gaussian noise)
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v &

3.8 A IUAIVBITZUUMTABASUVVLGYS WA 1M IEEE 802.15.1

sypumsdemsuunugynsivanlunsuegaadyg i lddedyanu Taoldimailn
ad A ar
IBMINDYIALUY GFSK (Gaussian frequency shift keying) maﬂﬁ'wﬂumwaqmmmu FSK
(Frequency shift keylng) mmmﬂmanu‘ummmamanuuﬂa ﬂﬂ‘u'ﬂ Wadu04 baseband 32141
dinToeuogan FSK s AT 0N 50ULY Gaussian ABULALIATEINTDIY Gaussian
wiliglinveatadgninaludiuvesnnuninanlnaiy Taiiwad shaping filter AI79¢
- wa 1 A ° 9 e da A a
Amaud lvguaniasien fio hldwanoumussvesniudiinuuaIsiuny uazuanyuy
484 sharp cutoff iMsAATIMATANNAYS (High-frequency) voadggnaiivziimisdseen
P o 9 a o d o A = = 3 =
Sz naneuaueduWad a1u13ananiass low overshoot fvzifiavuluANUDYD

b4 "

dyg Uy FM ASHUNAABAUDS g(t) voaflamasizgnimualasflendunisarnTouves

A o ﬂ" at at
Gaussian Bandanmana vesmsuegadyaaezduludsauns (17]

Blustooth
Link —P E R}
Controller

Gaussian LPF
Formatiing Ka I

g‘l.lﬁ 3.12 Mo GFSK (Gaussian frequency shift keying) Tulawunar

[ ]
J2mfia+h _[g(e)d.r

_ k. (3.26)
p(t)=Re{,[—e }
T
Taoh

E f®9 woauaolia

T fo namldlumsda
f A - A fiq 3

. o ANUDYRINAUNINN 1Y

u
inﬂz'mmm (3.26) g(?) fio Gaussian low pass filter (GLPF) annsauaaslavaunsasiine

g)= Y av(t—kT),a, =1 (3.27)

k=—0
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NNaUMN (3.27) V() munsouaaslaoaumsasil Ao

1
W(0) = {erf (-AB,T) +erf (4B, (¢ +T))) (3.28)
MNaNMIN (3.28) Haddunwianain erf (f) mmmuﬁmhuﬁnmﬁﬁ'aﬁ fio
!
2 .
erf(t)= _[£€ b (3.29)
& X

Taei A =v2/In2x,B, =3dB (FuUUAITUDS Gaussian low pass filter

3.9 HUV$1099IA3835Y RFID HilimsIFnuvesssuunsdemsuuvugys
dedyaaiidel@mudesdygaiiidyanusuniu uordygnuumsnaeayo

ssuumsdemsuuuugys aumsvosdgyanuny Idvedlulidaunms

2E
Fapsk () = m(2) Tb' cos(2z ft+6,)+ p(t) +n(?) (3.30)
b
Tawil
p(0) fo dyauninaeaveszUUMAomMIUULUYYS
cos(27 £.£) Ao anudveanduw
m(t) o dyanadoyaiiiinisuegian(Modulating waveform)
n(t) fie deyasUNIU (Additive white gaussian noise)
3.10 unargy

"luum‘f‘lé’nﬁnﬁmqyE']uaznﬁ'ﬂﬂ1i3tns1zﬁﬁsﬁuﬁmﬁuﬂ1sqag;ﬁﬂﬂ'ﬁuws’nizmu
AAuLazHanIENUMIUIMSNERANINdYguves UM Aemsuunugys Fudludaudiiy
luSneriinusatuisulszneudaosvaziBeavesnisuninizaioniu vesdyiums
dom3 W¥auniwlueins nguindnmsdeiuveadiadmivgesdygineaniain
wfinesminnldlumsmanes smdszuudiassdauveuniesdaunziniosiuveszuy
REID  Tuammuaadeudiinis1favesszuumsdomsvesugys daluundeliez 18

AA0INIIALAZNIINAADIIUTLUY RFID
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MIIAUAZNTNAADIIVYTZUU RFID

) L]
4.1 pani
E k4 .
unilvgnandesvazidoavesduasulunisnanssiavesdygrumsdonis
P d _ -
(Measurement) Gl umsasdsdeuwanmsiasuudasvesrosdyanaluszuumsdeas 1y
o v A a ¥ A A o a ' A4 & o '
monuszydmaudsnauing lavldniesielumsmazouiiondt nTeelnsIzHI95UW
4 & 4 - a ay
LUUNNIADY (Vector network analyzer) Failumsasnaevuu Tamunnud Tasinorinusil
Wmminanesiavesdaygnuey 2 dnvaz e ldlumsinesgesdygralumsdomsuuy
[ Ed
szydraudionauing dimfuduaeulumimanesia midaannzinadeuvesszuy uaz
= = ot [ ul: U o '
swazdsavessiimeinl¥luminaassiamiveznanluiadede i
] ¥ ]
11nd 18k insnanesinvesresdayauns 2 dnyuz Tavia ludimsnlasunas
) s { o o 1 A a 1 0’: {
vogoadygauiidifgoiimils fie dnyaranmuiadennis q sauvsanznIadounil
mslFauvesszuumsdoasuuuUgys 1IAT3 U TEEE 802.15.1 NdMNANIENUADIEALVEY
[ b
Fyaruvuresdygnauuuszyiaudnduingluannizuiadeunislueins (indoor) 1
wanldainnisnanssiaresdgyyiauiinisiinszimisiquandanisdiuman
' = o e o 1 A ' 1 A a oa
fwsiimesnddgeen weldlumsmagydumsuninsznendu uazszdninimms

v ¥
darvestesdyaia vazduavesiuasulumsmanssiniuezuaasluiadode )

e 1 ¥
4.2 MINAAINIAYIITEYY TN
¥ ¥ 1

msnaassiadosdyaauuuszysiaudenauingiumainildluniimaanssia

o v = ¥ = s . 4
awsonin1snaaeu lasldmaiinn13n11aA1UA21UD (Frequency sweeping technique) 3

° ' @ o . & ot o
musoiimInageudeadya s lulAwuaIWA (Frequency domain : FD) #ams 14354

4 ' o q’: = [
HaRDUALBINIINTVEITeIdy g aniuansanadey IdnInmInadeumIiines s, vie
¢ 1 1

@ a A 4. 1 & 4 . a a 1 o
du1lsz Nt n15a9H U (Transmission coefficient) 99z 191738931AT1LM 19T VIBUVVIINADS

B i
(Vector network analyzer : VNA) lﬂuqﬂﬂiﬂlﬁluﬂﬁﬂ‘)'lﬂﬂ'ﬂlja

4.2.1 msnageuyesdaanalulamunnud

qﬂnﬁafﬂﬁ'niumsfr"s'numz%'uﬁ’q;apmﬁaﬁ1m‘smﬁﬂmiﬂaﬁ'agtym'luiamummﬁ
> - 4 a ¢ ' ¢ “ﬂ e o 4 o &
Hufe 19T993R51ER 9939 0uDLNNNe s ¥l RN TAINTAMSINEINUMINATRUNINIA

o 4 a’: ' o d " 4 £ o
Taodgyanuiildasavaouinezidiunguueadygnamauunugy 16 (Sinusoid) Feiins
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Ady = o ¥ o " A
AARaBALIUAININABINMSHIITANszReufuMs Idmeeimaniinsuninszawnau
. ¥ "
wuuuouuay Taslumisiassresdygrauuuszyiaudionauingivamisoiosii 14

Tudauvesnmsilszunanadeya uazidie 1935 msnadeudygy i luTawuanudsiwinives

.
[ -

Foadganuiiminaaeudssgnimualdai ifesnyiteu lvvesresdygalugiams

]
= o _ o

11901 1AiA1gIgAYeIIaIN1TN11ANNAYNT1AA TALIIATITINY (Coherence time)
voavesdaa $1na1msnnauIuaia T swesdy g uud1vesdy gy ue19ee
a A ' - o P " w da d
wamsnlasulasmarlumsnnannuddimiumn/asun)asvesresdygraninaiu
' u": o a o Y ° 2 a a

pgesraE niudeslfimaliniimsdtudiimsassgeuuny Falszaninimvenis

d : - - 4
naaouluTawunanudiuszgnimualasaigegaveanailsziivesresdygia ¥
vouwaduuvesnanliziiasimy 7, awisoedmuaTassuaugavesnudnldly

1 o’:’ da & a =
NMINNAUAALATIAZUUUAIT B FIULUANAUNITN (4.1)

Tose = (N -1)/B 4.1)

Taun

= [ a
A9 VIUIUIANIUD

smp

B A9 LUUATT

|

a4 .o " i a ¢ 1 7o
1u ﬂ'l‘iﬂﬁzﬂ'lﬂ"lﬂ'lﬂﬁﬂuﬂﬂ,jﬂ[lﬂ.l'[ﬁﬂ'i%lﬂ?ﬂﬂ‘nﬂ'J"]z'ﬂ’Jx'ﬁ]‘iﬂl'ltlll‘].ml’lﬂlﬂﬂiuuﬂﬁﬂ

] ' 14
149nnsnareuie HaneUaUBINIIANNAYEIYRIT IR ININATYIMIN 1%
Wi3U5HARIIUIT (Inverse fast fourier transform : IFFT) msutasdoyaninnsmadeuly

= " a o d o P
Tamunawd Weglupluvuraneuaussduiadvos lawunmdwaasluzii 4.1
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Magnitude
'}

T
N R 7
Frequency
- Vector Network
Analyzer
Amplitude
IFFT

Time

91 4.1 szuunsmareuesdynululamuniud Tannies VNA tazmsuasg lamu

na laold IFFT [20]

422 mnimesmylumsdnngs
[ i ]
Tunisdearsuvy Zawiusuiudesfiorsandeiledoaie q Av11dinans

ﬂ. at s " a’ - - dr = J s 1 ;
wasuulasszauvesdyana itnaduszduvesiidanu nanlszlfaiuilviomari
] vy 9 [} [ F 4
dawaredyai iy Idisdudoinmsdadygyruninmadaldaniniulaonainiiniy

td ¥
v

Matoea A

v ] v
IR INITATIV AU BIAUR I TNINATEUIINTUKAN 1AV INNITNATBY U
° 9 ° a o 2 ' A 9 - - - o Al Y
uudeniwndinseimuTuaeude q ieldinswdwansznuniemsnlasunasian 14
[ 9 L ::’d 0 & 1w o & o~ o ﬂ 9 o
na12 ldud2 TasluduneuiiiinnudrAguiinuduneumnaaoy FalnuInuasIm
9/ - a1 a a ) A a L 9/ 4’1 A
audrlaluminimesae q Minvadeuienanisimizingndeuaziyeield lavlu

wy; 4

] E
wdeilvznandunmzmsiimesndifgy q Al

v a 4 (] ] o
4.2.2.1 dulszansmsasnuvesaya
5 c’r‘ ar ) ar = n“ 1 )
111ﬂUﬂBN'IJENﬂ'li'ﬂﬂﬁf)'l]'l—lu‘ﬂ&’i‘ﬂuﬂﬂﬂﬂltﬂ'ﬁﬂ'Iﬂ'lffn‘lJﬁzﬁTlﬁﬂ']‘iﬁﬁﬂ'lu

o s S & @ s '
(Transmission coefficeint : S,) dayanavnnaiaiiniialdimesnfidesvounios VNA Tav
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- Q’W '

Vv
ﬂ'l':"'rﬂﬂ'lﬁll‘ﬂizﬁﬂﬁﬂ-ﬂﬂﬂ"I'J‘l.hlﬁ”tilﬁﬂHﬂﬁiﬂﬂﬂﬁﬂﬂﬁﬂﬂqw1i1ﬁlﬂﬂ‘;ﬂ1‘iﬂﬁ%iﬁﬂi:‘ﬂ'\ﬂ
. A A ' 4 aa a d o
(Scattering parameter) 30138021 S-parameter FINUUIWATWUATNFNITAITIANTEIW

(Scattering matrix) 494 1A79910UUY 2 Wo3ARIAUNISN (4.2) nazuaaalugii 4.2
b=Sa (4.2)
Taui

- A o | L
a 9 NNRDINITEINIU

A o 9/
D LIANDINITAENDU

b
~ A4 o
S A9 NUNBINITNTZIY
I
i . S
+
a, v} Two-port v, y a,
Network
le e - -__.;.—bLJ._....Z

q1lii 4.2 laozunsuTasaouuy 2 wesn [21]

& ' = [ - -
Faannsouaasliegluzlveauainddaaumsi (4.3) uazaunsi (4.4)

5:[“'} 43)
&

b= [b’ } (4.4)

bZ
Taeh

ar ‘R [ o P
a o doyanaiidaiad l)damesanii
b -] o/ - o %) o o A
L fie dyanufiazdoundumndineianils

o a ' uJ '3
a,  fe dygrandwnudh lldmesades

]
o

o o 3
b, fo dygranaziounduindimeiados
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-& a = cf’u 1 af 9/
Faduiszansananiansan lann

1 7,
a4 =5[\/Z_0+\/Z_DIIJ (4.52)

[ K
b, :5[_JZ__0_\/Z_°I'] (4.5b)

o=y o 2 (459
e T (4.5d)
\/Z 0°2

§ — I:Su Su :I
Sy Sy (4.6)

PINAUMTT (4.2), (4.3), (4.4) uaz (4.6) ninouaums ey luglaumanizia

o &
NIZNWAIAUNITN (4.7) LD (4.8)

b =a,S, +a,S, @.7

b, =a,S, +a,Sy (4.8)

Taoh
S A o a gy P
no Ao dulsznimsaenounnesania
s = s { 4
S, fe dulszAnimsaziounnoinaes
S, fe dudszAnimsderu (forward)
-9 4 1 1 o
S, i duilszdnBmsdariunnEy (reverse)
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= o @ ' o’: o 4 ]
W15'13J1ﬂﬂ5'llﬂ\1ﬂ15ﬂig’ﬂﬂﬂigﬁnﬂﬂlﬂQTﬂiQ‘U’IUHﬁUﬁBQWﬂgﬂuuuaﬁ’]”’]iﬂﬁﬂﬁﬂ’muﬂ

4 1 1 4 L ”
Tumonysenaudsiuuazaauaznou laaail

b
S =
1" a, . (4.9a)
b
S, =+
2l a . (4.9b)
b
Siz = a—; ] (4.9¢)
b.
s =2
2 a, (4.9d)

4.2.2.2 HOABUAUBININDVOITOIT YR 1

idlonaaoudesdyg i lasldinios vNA  deiidesinnudilefie szuuuas
a L 4 L] LY A o L) o é o " H‘-
dyga Tavszuufe nquitegsauiu Fsamnsaiausamiuie1ddus snmugaamuneh
L 4 a’ =) a U = ] = 1 9
Foamsuazdyanude USnaumunmenmusednigailewdigszuuisond dygrend
viodae1mdUNA (Input signal) Y9ITZUL uazvzidoyanueenuiodygaue1aya (Output
. 4 a & A = '
signal) Faiu1S1UNIINIEAMNBBNNININTEVY NIBITUNIINANDUAUBA (response) VDI

o ar P & s 3 ul:
seuy Taoausouaaduaen 1ABEUNTNUBITZUUAIZUN 4.3 FINAADUAUDIAINAIUUIY
L 4 —_— { ' a 1
udeilfuaastiguauifvesszuy uazninnsmaaeuwai 1dfe mdulszaninsdanu
& @ ar o a J A ¥
vosdayanudaunlsAunsanuilandun1oToun19n2 00 (Frequency transfer function : H(w))
[ @ o ' { o U : o
voavesdygra TaviladdudisTounnauidinarmivezuaasliiiiudwanoudues
cl 1 ar H o e IA s 4 1 1

anwavesresdygainimsinsanegdalszneudivninadygundarin (magnitude)
LazHANDUTUDIMANE (Phase response) Yoadayana Tavanuduiussendnmdulszdns

[ ;) o o dar 1 1 o u’: o {
msdehudaaiuilaindudioTouvesresdygraniudmuamuaumsi (4.10) uasuaas

Azl 4.4
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Signal Response

317 4.3 venlaezunsuvesszuy [12)

S, (@)« H(w)= % (4.10)

Taun

4
Y () fio wiavavesszuy luTamuninud

X (@) Ao dunavesszunlulawuninud

X ( Cz)) Y(a))
—_— H(w) SEE—

g1l 4.4 mdiniutvesdygadunauaziodnavesszuy luTamuniwd [12]

d Y (Y]
4.3 ilnsaimanil¥lumsnaneside
A4 a ¢ 1 ]
4.3.1 103039 NFILHIVINVUVVINARS
szuuvesmsnaaeuiuesdlszneudiiglumimaaeuyesdyamuuuuszydiny
s y A & A4 a o ' dd v
Wz 14inseanaaeummiznadalszaen lide 1950931RT1EHINTVIBHVLNINIADIEND
' = o o { 1
HP ju HP-8510C ¥ANAROUMIIABIMINT2IANTZAIY (S-parameter test set) D HP Ju
f o a 5 '
HP-8514B UaZIAT 03 ﬂlﬂ‘i‘lxﬁﬂ’;‘mn(ﬁequency synthesized sweeper) e HP U HP-83620A
o 1 a s ﬂ' A o
dhigunsaindnlunsmaneuresdygaidauaasliiviuluglii 4.5 Saduiludeaniunuiae
: - o 1 & . (R ' y
1n3pen0URUADI dIUYARA (PC) FuFoUABHIUTDINOMITUUY GPIB  (General purpose
interface bus) tHieMIAILAUATDIMIBNF UM TTUTinNaMIABUAUBIVBITOIT G IUT
° A a o" ] c:’q a 9 [ d Y s A
1&msnaaey nseednsz Iasseiiinesaldaulumsnageveyaeaneinaliuny fe

v
awrsaldlunimanendyyia ldfiasnefaunznionduisaeanein lunismaneu
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i o 4 o

| cé d.J ] L o/ c:-
FoedyauiizihminarouluuaInein laoweianiniisie wesan ldlumsdadygiun
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o _

o"!‘i’ 1 ¢ o 3/ o s - 4
fmuanumsdimeinasans daunesanaesss 1 lumssudygiu Taoilarwvoanesa
Ed

LY J 9 = o
‘Iﬂ-&ﬂﬂ4%3Qﬂﬂﬂﬂ'§ﬁﬂ1ﬂﬂ']ﬂ']ﬁuﬁu1llTﬂ‘iﬂ'ﬂiﬂ (Microstrip antenna) LAZNINITNATDUUU

TawuanudneunszgmiwamsnaaeylTinszdluTisunsuneuiiunesaelu

i : - a ]
g1 4.5 n3psTT I NIBHLUNIAGS

- el

4.3.2 EI"IEJB'ID"Iﬂm‘Iﬂ‘I«!ﬂTSﬂﬂﬁEN?i]EI

v
w & A

1 as o o d o " 1
Tunisdeadgygrauuy mniuiniludesdiglnsadidgdnedumilainiGond
& " A 1 - R P o
4109IN9 (Antenna) Favzegiviniosdaiazinsesiumesislumsnlaoudygavien
4 1 4 ' a ] o ] s
wipada i unauiman Tihudumsnsznodygrariueinireen ldimeoinmamis
- ] e . o 1 ] ‘ a ¥ i Hd i @ a
Susuiteguniesiundanldountuuimdn WMihiuiinduuniludygaiihnwdy
¥ ¥
Tavlunisnaaesiail 1d19a1ee1nauuyly InsaaiUniaioeinianisduda (Tx) uas
[ & = 1 4 .
awomamad iy (Rx) Fuiluawoimanizluuunisunsnszawaiu (Radiation pattern)
= N i A 3
LUUTIAN19AT 4 (Directional) waziilumeameaitiouilgaulumaTulatvesszuuns
y LY 4 a ad a  d s w
domsuuuszydinudoaauinglunandidnnsetinduuy Active tags HAZANIINTDITY
9 “ o ' A Y o ' - ¥
ms 19 lunnuidiudand 2.3 GHz 642.6 GHz awdesdmuadiuanuinmslynuues
STUUMITOATUVUIZYAIAUAILAAUINGYDIN ISO 18000-4 wherenet (ANSI 371.1) Tay

- ° 9 o o = o a
muomangminnldlummanssiniiswaziduani
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4.3.2.1 meemanuylulasaniy

awermeuuy lulasandillumeeimeiigminn19lumnaaosialasiinuania
MIUNINsEIeRAUIUYRmM AT aiitenTeszuy  1azil$RsIN1I VI (Gain) gaga
Jsznm 20 dB Faiided Ao i vnaidn 11a1gn Tassaraduszun Taoi14
Wisuifeugudnyurauidvesaveimasiadieg 3 lumsiedt 4.1 Feezidinldi
aoemausunuylu Tnsaasleziiquaunialavswdnhmsermasiiady 317 4.6 uazgl
# 47 umnaliifiudinavesmoemmsiiai

M3 4.1 manfSouioumeeimeni TnssadrailussunuiSvuriianian

AUANTA AWOMFUAY | @0eIMANUY | dweIMAuNY | dweInet
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AU N Tivann MU VN
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FRIERR ey fmavw finaoiuy Inaenuy
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Fovesarvormeuuy luTnsaadiifionfouisufumoemeasiaduildim
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- 5190 nszuumsade ligann
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ABSTRACT

A part of important consideration in wireless communica-
tion systems is the free space propagation loss. In this pa-
per, we focus on the characteristic of radio propagation
channel and the performance of Radio Frequency Identifi-
cation (RFID) systems at frequency range 2.45 GHz which
depend on different the angle in an indoor environment.
The Friis' transmission formula [1] is considered. We will
show in magnitude and phase antenna transfer function,
bit error rate (BER), power loss, power gain, correlation
coefficient and rms delay spread that can analyze the radio
propagation loss and the performance of RFID transmis-
sion signal. We believe our study would give a good guide-
line for further researches and design on RFID systems.

1. INTRODUCTION

Radio Frequency Identification (RFID) is used in short
and long range communication technology. It has several
important advantages over the traditional barcode. RFID is
used in radio waves for automatic identification about peo-
ple or objects and also could improve business processes
such as inventory management and efficiency in supply
chain management, manufacture and transport goods.

RFID operates in different frequency bands (e.g.,125
kHz, 13.56 MHz, 868/915 MHz, 2.45 GHz, and 5.8 GHz).
RFID systems in which the gap between the reader and
the transponder is greater than Im are called long-range
systems and could accept transfer large packets of data
quickly. These systems are operated at the microwave fre-
quencies 2.45 GHz and 5.8 GHz. The short wavelengths of
these frequency ranges facilitate the construction of anten-
nas with far smaller dimensions and greater efficiency than
would be possible using frequency ranges below 30 MHz
[4].

The communication of RFID systems between the
reader and the tag is divided into 2 methods that are induc-
tive coupling and electromagnetic wave propagation cou-
pling. In case of Low frequency (LF, 125-134 KHz) and
high frequency (HF, 13.56 MHz) RFID systems are the
near-field based on inductive coupling between the reader
and the tag antennas through a magnetic field. The Tag for
near-field coupling send data back to the reader using load
modulation. Ultra-high frequency (UHF, 860-960 MHz)
and microwave (2.4 GHz and 5.8 GHz) RFID systems are
the far-field which use electromagnetic waves propagat-
ing between the reader and tag antennas. The technique
used by commercial far-field RFID tag designs is back-

Antenna Gain~ Antenna Gain
Gr Gr
Receiver Power,

P

Pr ,/ s Channel \
Transmitter d Receiver

Figure 1. Free space propagation channel.

Trunsmit Power .

scattering. RFID systems track based on data communica-
tion between the reader (RFID reader) and the transponder
(RFID tag) [6].

For antennas whose size is comparable to wavelength
(used in UHF, microwave RFID), the approximate bound-
ary between the far field and the near field region is com-
monly given as r = 2D? /) where D is the maximum an-
tenna dimension and A is the wavelength. For electrically
small antennas (used in LF/HF RFID), the radiating near
field region is small and the boundary between the far field
and the near field regions is commonly given as r = A/2m
(8]

Modulation: ASK (Amplifier Shift Keying), FSK (Fre-
quency Shift Keying) or PSK (Phase Shift Keying) are used
in RFID. As for PSK, BPSK (Binary Phase Shift Keying)
is mostly used [7].

This paper analyzes the part of the radio propagation
loss and performance of RFID systems in frequency range
2.45 GHz. This scheme is based on the Friis transmission
formula. The intensive simulations were carried out the
experiment with the microstip antenna at transmitter side
and receiver side and fix distance by d in different angle
for indoor environment. We hope that this paper can pro-
vide sufficient and useful guideline for the development of
RFID systems with optimized the performance.

2. TRANSMISSION ANALYSIS

The spectral density of the received spectrum V.(f) is
the multiplication between the spectral density of the trans-
mitted spectrum and the channel frequency transfer func-
tion H.(f), which obtained from the measurement. There-
fore, the spectral density of the received spectrum can be
written as

Vi(f) = He(f) - Vi(f) (D

In Eq.(1) the received waveform v,.(t) is calculated by
using the inverse Fourier transform, which is

314 The 2007 International Conference on Information Communication Technology
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Figure 2. Block diagram of transmission signal analysis for RFID systems.

ve(t) =/_ Ve(f)e??™Itd, )

The Friis transmission formula is extended taking into
account the transmission waveform as [1]

Vr
Heas(f) = =L

where is a complex transfer function vector of the antenna
relative to the isotropic antenna,

= H/HH,, 3)

A :
H (—ikd)
1) = e @
is the free space transfer function where
2T
k=
= ®

is the propagation constant.
The power transfer ratio for a pair of lossless antennas in
free space with optimum orientation is given by [5]:

PB(f)
P(f)

where A = wavelengh; P, = transmitted power; P, = re-
ceived power; G, = transmitter antenna gain; G, = receiver
antenna gain; d = separation distance between antennas.
The factor G;(f) = (325)? in Eq.(6) is separated from
the effects of the transmitter and receiver antenna gain and
will be referred as the free space path loss. An in-building
path loss that is occurs in a physical building, and take in
consideration of reflection, absorption and other attenua-
tion effects introduced by the presence of objects inside a
building. The in-building path loss model chosen for the
purpose of simulation is given in Eq.(7)[2]

GFrus(f) = Gf( )Gl(f)Gr(f)l (6)

PL(d) = PL(d0) + 10nlog(dio); d>d0 7N
where dp = arbitrary reference distance; n = a value that
depends on the surroundings and building types; d = the
separation distance between two antennas. For wireless
systems which grossly quantify the multipath channel are
used. The mean excess delay, rms delay spread, and excess
delay spread are multipath channel parameters that can be
determined from a power delay profile is given in Eq.(8-10)
and is explained by [3]

= Ek aifk = Zk Tk)Tk 8
=S T L P ”

90° 105° 120° 135° 150° |

" . - ,n

30° 45° 60° 75°

==

Port 2 Port 1

9.84 xI:«.’ME"Q 9'<'sm

o Tx-antcnna n Rx—.mlmna

Figure 3. The measurement system model.

= _ ZeoTi _ i Plmm ©
Lk ai 2k P(7k) '
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where T is mean excess delay, o, is rms delay spread and
P(1) is power delay profile

Bit error rate (BER) is given in Eq.(11-12) and can also
be defined in terms of the probability of error

1 o —¢2/2
= — e dt,
@ \/271'./,:-

E, is the energy in one bit and Nj is the noise power
spectral density, so %ﬁ is a form of signal to noise ratio. b,
is rate of transfer(bps) and C. is correlation coefficient

BER = Q[v/2(Ey/No)C.]

(11)

(12)

3. MEASUREMENT SETUP

By using the vector network analyzer (VNA), the mea-
sure frequency transfer function with the number of fre-
quency point of 801 are taken in the indoor environment
at the room of Department of information engineering
(KMITL). The transfer functions were measured as Ss in
the frequency domain. The VNA was operated in the re-
sponse measurement mode, where port-1 was used as the
transmitter port (Tx) and port-2 was used as the receiver
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Figure 4. The Microstrip antenna structure.
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Figure 5. Sy, characteristics of microstrip antenna.

port (Rx). The Tx antenna was fixed at height of 1.50m
and The Rx antennas were fixed at height of 0.50m and
1.00m from ground. The Tx and Rx antennas were sepa-
rated by d at angle 90° and both of them were separated by
angle 30°, 45°, 60°, 75°, 90°, 105°, 120°, 135° and 150°
respectively. The free space propagation channel are illus-
trated at Fig.1. The RFID transmission signal, as shown
in Fig.2. The setup are illustrated at Fig.3. We have cho-
sen the microstrip antenna for Tx and Rx antennas show in
Fig.4. Sy, is shown in Fig.5. The important parameters for
the experiments are listed in Tablel.

Table 1. Experimental Setup Parameters.

Parameter Value

Frequency range 2 GHz to 3 GHz
Number of frequency points 801

Tx antenna height .50 m
Rx antenna height 0.50, 1.00 m
Distance between Tx ant. and Rx 3.00 m at 90°

Angle between Tx ant. and Rx 30°,45°,60°,75°,90°
105°,120°,135°,150°

Antenna type Microstrip
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Figure 6. Antenna transfer function for the RFID channel
at angle 90° magnitude.
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Figure 7. Antenna transfer function for the RFID channel
at angle 90° phase.

4. RESULTS

The data measured shows that radio propagation charac-
teristic of RFID transmission signal in frequency range at
2.45 GHz in different angle between Tx and Rx. In Figs.6
and 7 show the magnitude and phase of the antenna transfer
function for RFID channel at 90° respectively. The magni-
tude has maximum power value at 2.45 GHz which agree
characteristic of antenna under test. While the phase is lin-
ear, it can indicate trust about antenna.

In Figs.8 and 9 show the path loss and the rms delay
spread at angle 90° which have value lower than any other
angle respectively. In Figs.10 and 11 show the bit error rate
(BER) of RFID systems at 90° that is lower than other an-
gle. While the path loss, the rms delay spread and BER is
low value, its can indicate high performance of transmis-
sion signal as well.

In Figs.12 and 13 show the correlation coefficient and
the path gain at angle 90° which have value higher than
any other angle respectively. So that, the correlation co-
efficient and path gain has high value, the performance of
transmission signal is also high.
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30° ro 150°.

-
-
T

RMS Delay Spread [ns]
'.r.

N 40 80 80 100 120 140 160
Angle [degree]

Figure 9. RMS Delay Spread for the RFID at separate an-
gle 30 to 150 degree.

The height of Rx antenna at 0.5 m and 1.0 m have less
an effect to the performance of the RFID systems.

5. CONCLUSION

In this paper, we study the characteristic of radio propa-
gation channel and the performance of RFID transmission
signal in an indoor environment and using an extension of
Friis’ transmission formula. From the result of experimen-
tal can be know about radio propagation loss and perfor-
mance of RFID systems. Then we can conclude that RFID
transmission signal in all every angles. The path loss, the
rms delay spread, the bit error rate, the correlation coeffi-
cient and the path gain at angle 90° are greatest value due
to the distance from Tx antenna to Rx antenna that have
lower than any angle from system model.

We hope that this paper can provide sufficient and useful
guideline for the development of RFID systems with opti-
mized the performance, especially in outdoor environment
and design properly antenna for RFID application.
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Figure 10. BER for the RFID system at Rx height 1.00 m
and separate angle 30° to 150°.
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Figure 11. BER for the RFID system at Rx height 0.50 m
and separate angle 30° to 150°.
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Abstract

Radio Frequency Identification (RFID) operates in
different frequency bands (e.g., 125 kHz, 13.56 MHz,
868/915 MHz, 2.45 GHz and 5.8 GHz). Nowadays,
indoor environment communications at frequency
range 2.45 GHz have bluetooth (IEEE 802.15.1) of
wireless personal area networks (WPANs) and RFID
systems working altogether which occur interference
signals mainly by IEEE 802.15.1 of WPANs. This
paper analyzes about interference effect from IEEE
802.15.1 to performance of RFID system at 2.45 GHz.
From our study, it indicates that IEEE 802.15.1
interference can cause a significant increase in the bit
error rate (BER) and the radio propagation loss of
RFID system.

I. INTRODUCTION

RFID is a wireless communication technology that
works with radio waves to automatically identify
items. RFID is used in short and also long range
communication technology. It has several important
advantages over the traditional barcode. It is used in
radio waves for automatic identification about people
or objects and also could improve business processes
such as inventory management and efficiency in
supply chain management, manufacture and transport
goods.

These systems have the gap between the reader
(RFID reader) and the transponder (RFID tag) when
distances are greater than Im. It is called long-range
systems and also can be operated at the microwave
frequencies 2.45 GHz and 5.8 GHz. So it could accept
transfer large packets of data quickly. The short
wavelengths of these frequency ranges facilitate the
construction of antennas with far smaller dimensions
and greater efficiency than would be possible using
frequency ranges below 30 MHz [3].

978-1-4244-1692-9/08/$25.00 ©2008 IEEE
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Figure 1. Block diagram of RFID transmission signal.

Figure 2. Block diagram of RFID transmission signal with the
IEEE 802.15.1 transmission signal.

RFID communication systems between the reader
and the tag is divided into 2 methods that are inductive
coupling and electromagnetic wave propagation
coupling. In case of Ultrahigh frequency (UHF, 860-
960 MHz) and microwave (2.45 GHz and 5.8 GHz)
which use electromagnetic waves propagating between
the reader and tag antennas[5]. ASK (Amplifier Shift
Keying), FSK (Frequency Shift Keying) or PSK
(Phase Shift Keying) are used in RFID system. As for
PSK, BPSK (Binary Phase Shift Keying) is mostly
used [6].

Bluetooth is used for communication among
devices such as mobile phones, computer and its
accessories as well as personal digital assistants, within
a short range RF-based connectivity. In general, the
reach of Bluetooth is approximate within 10 meters. It
uses frequency hopping spread spectrum (FHSS) to
transmit data packets and frequency hop range in most
countries covers 79 carriers of IMHz bandwidth each.
Binary baseband data is modulated using Gaussian
frequency shift keying (GFSK) and the frequency
synthesiser transmits each packet on a newly chosen



frequency. The maximum hopping rate in a piconet is
1600 hops per second [7].

A part of important consideration in wireless
communication systems is the free space propagation
loss. The Friis’ transmission formula is considered. We
focus on the characteristic of radio propagation
channel and the performance of RFID transmission
signal. System model has purpose to investigate that
the distance can increase the bit error rate of RFID
system when it operates simultaneously with IEEE
802.15.1. We will show magnitude and phase channel
transfer function, bit error rate (BER), power loss and
rms delay spread that can analyze about the effect of
RFID interference occurring while it works with IEEE
802.15.1 system at 2.45 GHz. We believe our study
would give a good guideline for further researches and
design on RFID systems.

II. TRANSMISSION SIGNAL ANALYSIS

A. The RFID Transmitter and Path Loss Model

The RFID signal used to transmit can be
represented as

2E,
SBPSK(:)='”(’) TCOS(Zﬂfc,-’-'-oC) ()

where €0s(27f,1) is applied as the carrier, and the data

signal m(¢) is applied as the modulating waveform.

An in-building path loss is a path loss that occurs in
a physical building, and take in consideration of
reflection, absorption and other attenuation effects
introduced by the presence of objects inside a building.
The in-building path loss model chosen for the purpose
of simulation is given in eq.(2) [1]

d
P, (dB) =P (dy) + IOnlog[EO— d=d,y @

whered0= arbitrary reference distance,n= a value

that depends on the surroundings and building types,
d = the separation distance between two antennas.

B. The IEEE 802.15.1 (Bluetooth) Transmitter Model

A Gaussian-shaped FSF (GFSK) modulation is
applied to minimize the transceiver complexity. The
nominal and supported rang of Bluetooth is from 10
cm to 10 m. A transmitted GFSK signal can be written
as [8]

{
Jj2nf t+h [ g()dt

p(t)=Re{ zTe e } 3)
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where E is the energy per symbol,7"is the symbol
period, £, is the carrier frequency , /1 is the modulation

index, and g(¢)is the output of Gaussian low pass

filter (GLPF) for a NRZ data signal. The output of
GLPF can be express as [8]

a0
gt)= ¥ akv(r—kT),a',C =+]
k=—c0

4
In eq.(4)
v(t)=%{erf(—ABpT)+erf(pr (t+7))} )

In eq.(5)

A=\2/In27,B ,T=0.5,B,=3dB

! 2
of (= L
0 4
C. The RFID Receiver Model

A transmitted signal pass through the RFID channel
including the transmitter and receiver antennas.
Therefore, the total received signal for can be
expressed as

2E
rBPSK(l)zm(’)JTf“’S(Z”f; (0,4 p()4n(1) ()

where p(f) represents IEEE 802.15.1 (Bluetooth)
interference and n(?) is additive white Gaussian noise.

The power transfer ratio for a pair of lossless
antennas in free space with optimum orientation is
given by [4]:

B.(f) g
7,(77=G’ (r) G, (1) [ﬁ] )

where A = wavelength, P, = transmitted power, P, =

G Eriis (f )=

received power, G, = transmitter antenna gain, G, =

receiver antenna gain, d = separation distance between
antennas.

For wireless systems which grossly quantify the
multipath channel are used. The mean excess delay,
rms delay spread, and excess delay spread are
multipath channel parameters that can be determined
from a power delay profile is given in eq.(8- 10) and is
explained by [2]

- S TiP(n)n
T= e
X% EkP(Tk)

(8)



X =eap T P(e)i
i Pn) e

2
Z 9%

-
o = rz—(r) (10)

where 7 is mean excess delay, O, is rms delay spread

and P(rk) is power delay profile

Bit error rate (BER) is given in eq.(11-12) and can
also be defined in terms of the probability of error

1 (2
Q=J—2—”‘[;°e dt 1)

BER=Q[ (2(E, /N, )C, | (12)

where Ep, is the energy in one bit and N, is the noise
power spectral density, so £, /¥, is a form of signal to

noise ratio and C, is correlation coefficient

Figure 3. RFID transmission signal with IEEE 802.15.1
(Bluetooth) transmission signal.

III. MEASUREMENT DISCRIPTION

In our analysis of interference of IEEE 802.15.1
(Bluetooth) working together with RFID system, we
propose system models to notice the characteristics of
IEEE 802.15.1 interference which affect to RFID
system. Simulating a RFID signal at a frequency range
of 2.0-3.0 GHz and IEEE 802.15.1 signal at 2.45 GHz
that is performed in an indoor environment at the room
of Department of information engineering in king
mongkut’s institute of technology ladkrabang.

The Vector Network Analyzer (VNA) was operated
in the response measurement mode and generates
transmitted signal and translates received signal, where
port-1 was used as the transmitter port (Tx) and port-2
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was used as the receiver port (Rx). The Tx antennas
were fixed at the height of 1.50 m and Rx antennas
were fixed at the height of 1.00 m from ground. Both
Tx and Rx antennas were separated by d. About
transmitted bit rate, we define at 1 Mbps.

The RFID transmission signal and RFID
transmission signal with IEEE 802.15.1 transmission
signal show in Figs.1 and 2 respectively. The propose
system model of RFID transmission signal with the
IEEE 802.15.1 transmission signal in Fig.3. We have
chosen the microstrip antenna for Tx and Rx antennas
show in Fig.4. The important parameters for the

experiments are listed in Tablel. SIl is shown in Fig.5.

TABLE 1: EXPERIMENTAL SETUP PARAMETERS

Parameters Value
Frequency range 2 GHz to 3 GHz
Number of frequency points 801
Tx antenna height 1.50 m
Rx antenna height 1.00 m
Distance between Tx antenna and Rx 2,4,6,8,10m
Antenna type Microstrip

Figure 4. The Microstrip antenna structure.

Figure 5. S . Characteristics of microstrip antenna.



IV. RESULTS

The data from measured we consider the IEEE
802.15.1 interference can cause a significant increase
in the radio propagation loss and the performance of
RFID system in frequency range at 2.45 GHz in
different distance between Tx and Rx in an indoor
environment.

From result of experiment in Figs.6 and 7 show
magnitude of the measured channel transfer function
for RFID channel between only the RFID signal and
the RFID with IEEE 802.15.1 signal perform at the
same time in an indoor environment respectively. So
that, only the RFID signal and RFID with IEEE
802.15.1 signal perform at the same time have
maximum power value about 2.45 GHz. But only the
RFID signal has noise lower than RFID and IEEE
802.15.1 signal perform at the same time.

In Figs.8 and 9 show phase of the measured channel
transfer function for RFID channel between only the
RFID signal and the RFID with IEEE 802.15.1 signal
perform at the same time in an indoor environment
respectively. The phase in only the RFID signal is
linear and low noise.

In Figs.10 and 11 show the path loss and the rms
delay spread at separate distance, its result show that
the path loss and the rms delay spread increase if the
RFID and IEEE 802.15.1 signal perform at the same
time. Moreover, when RFID and IEEE 802.15.1 signal
perform at the same time, the BER will be raisen more
than only RFID transmission signal illustrated in
Fig.12.
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Figure 6. Channel transfer function for only RFID transmission
signal : magnitude,
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Figure 7. Channel transfer function for RFID with IEEE
802.15.1 (Bluetooth) transmission signal : magnitude.
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Figure 8. Channel transfer function for only RFID
transmission signal : phase.
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Figure 9. Channel transfer function for RFID with IEEE
802.15.1 (Bluetooth) transmission signal : phase.
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Figure 10.  Path loss between only RFID transmission signal

and RFID with IEEE 802.15.1 (Bluetooth) transmission signal.

Figure 11. RMS Delay Spread between only RFID
transmission signal and RFID with IEEE 802.15.1 (Bluetooth)
transmission signal.
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Figure 12. BER between only RFID transmission signal and
RFID with IEEE 802.15.1 (Bluetooth) transmission signal.

1004

110

V. CONCLUSION

In this paper, we focus on the characteristic of radio
propagation channel and the performance of RFID
transmission signal, it indicates that IEEE 802.15.1
(Bluetooth) interference can cause a significant
increase in the bit error rate (BER) and the radio
propagation loss of RFID system. The result from
transmission can be know about radio propagation
characteristic and performance of RFID systems.
Especially, RFID transmission with the coexistence of
IEEE 802.15.1 has high the bit error rate (BER), the
path loss and the rms delay spread more than only
RFID transmission signal. Then we can conclude that
IEEE 802.15.1 transmission makes interference signal
to RFID transmission in all every bit rates and
distances. We hope that this paper can provide
sufficient and useful guideline for the development of
RFID systems with optimized the performance,
especially in outdoor environment and design properly
antenna for RFID application.
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Effects of IEEE 802.15.1 Interference on RFID
Communication System at 2.45 GHz
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Department of Information Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Thailand
Email: {s9061015 kpsathap,ksnikorn} @kmitl.ac.th

Abstract—RFID and IEEE 802.15.1(Bluetooth) technology are
used the same 2.45 GHz Industrial Scientific and Medical (ISM)
frequency band. This paper analyzes about interference effect
from bluetooth to performance of RFID system at 2.45 GHz.
From our study, it indicates that IEEE 802.15.1 interference
can cause a significant increase in the bit error rate (BER)
and the radio propagation loss of RFID system due to bluetooth
interference.

Keywords : RFID, Propagation Channel, Wireless Systems.

I. INTRODUCTION

RFID is a wireless communication technology that works
with radio waves to automatically identify items. RFID is used
in short and also long range communication technology. It
has several important advantages over the traditional barcode.
It is used in radio waves for automatic identification about
people or objects and also could improve business processes
such as inventory management and efficiency in supply chain
management, manufacture and transport goods.

RFID systems have the gap between the reader (RFID
reader) and the transponder (RFID tag) when distances are
greater than 1m. It is called long-range systems. These systems
are operated at the microwave frequencies 2.45 GHz and 5.8
GHz which could accept transfer large packets of data quickly.
The short wavelengths of these frequency ranges facilitate
the construction of antennas with far smaller dimensions and
greater efficiency than would be possible using frequency
ranges below 30 MHz [3].

RFID communication systems between the reader and the
tag is divided into 2 methods that are inductive coupling
and electromagnetic wave propagation coupling. In case of
Ultrahigh frequency (UHF, 860-960 MHz) and microwave (2.4
GHz and 5.8 GHz) RFID systems are the far-field which use
electromagnetic waves propagating between the reader and tag
antennas[5]. ASK (Amplifier Shift Keying), FSK (Frequency
Shift Keying) or PSK (Phase Shift Keying) are used in RFID
system. As for PSK, BPSK (Binary Phase Shift Keying) is
mostly used [6].

Bluetooth is used for communication among devices such
as mobile phones, computer and its accessories as well as
personal digital assistants, within a short range RF-based
connectivity. In general, the reach of Bluetooth is approximate
within 10 meters. It uses frequency hopping spread spectrum
(FHSS) to transmit data packets and frequency hop range in
most countries covers 79 carriers of IMHz bandwidth each.

978-1-4244-2101-5/08/$25.00 ©2008 IEEE

Fig. 1. RFID transmission signal with the IEEE 802.15.1 (Bluetooth)
transmission signal.

Binary baseband data is modulated using Gaussian frequency
shift keying (GFSK) and the frequency synthesiser transmits
each packet on a newly chosen frequency. The maximum
hopping rate in a piconet is 1600 hops per second [7].

A part of important consideration in wireless communica-
tion systems is the free space propagation loss. The Friis’
transmission formula is considered. We focus on the char-
acteristic of radio propagation channel and the performance
of RFID transmission signal. System model has purpose to
investigate that the distance can increase the bit error rate
of RFID system when it operates simultaneously with IEEE
802.15.1. We will show magnitude and phase channel transfer
function, bit error rate (BER), power loss and rms delay
spread that can analyze about the effect of RFID interference
occurring while it works with IEEE 802.15.1 system at 2.45
GHz. We believe our study would give a good guideline for
further researches and design on RFID systems.
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II. TRANSMISSION SIGNAL ANALYSIS
A. The RFID Transmission Signal and Path Loss Model
The RFID signal used to transmit can be represented as

8BPSK(t) = m(t)\{ %—,,?cos(%r;ct + 9¢) (1)

where cos(2m.t) is applied as the carrier, and the data signal
m(t) is applied as the modulating waveform.

An in-building path loss is a path loss that occurs in a
physical building, and take in consideration of reflection,
absorption and other attenuation effects introduced by the
presence of objects inside a building. The in-building path
loss model chosen for the purpose of simulation is given in

eq.(2)(1]

PL(dB) = PL(dg)+10niog( id2de @

where dy = arbitrary reference dlstance, n = a value that
depends on the surroundings and building types; d = the
separation distance between two antennas.

B. The IEEE 802.15.1 (Bluetooth) Transmission Signal Model

A Gaussian-shaped FSF (GFSK) modulation is applied to
minimize the transceiver complexity. The nominal and sup-
ported rang of Bluetooth is from 10 cm to 10 m. A transmitted
GFSK signal can be written as [8]

p(t) = Re{ Ejgej21rf¢t+h [ olt)aty 3)

where E is the energy per symbol, T is the symbol period, f.
is the carrier frequency , h is the modulation index, and g(t)
is the output of Gaussian low pass filter (GLPF) for a NRZ
data signal. The output of GLPF can be express as [8]

Z

v(t — kT) 4)

where ay = £1 and

v(t) = E{erf(—ABbT) +erf(ABu(t+T))} (5)

In eqn. (5), A = \/2/In2x, ByT = 0.5, B, =3 dB bandwidth
of GLPE, and er f(t) = [, Y2e "’

™
C. The RFID Receiver Signal Model
A transmitted signal pass through the RFID channel includ-
ing the transmitter and receiver antennas. Therefore, the total
received signal for can be expressed as

repsk(t) = m(t)y/ z—ffcos(zw +60)+p(t) + n(t) ©

where p(t) represents IEEE 802.15.1 (Bluetooth) interference
and n(t) is additive white Gaussian noise.

The power transfer ratio for a pair of lossless antennas in
free space with optimum orientation is given by [4]:

Grall) = B = GUNG (NG D
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Fig. 2. Block diagram of only RFID transmission signal.
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Fig. 3. Block diagram of transmission system analysis for RFID transmission
signal with IEEE 802.15.1 transmission signal interference.

where )\ = wavelengh, P, = transmitted power, P, = received
power, G = transmitter antenna gain, G, = receiver antenna
gain, d = separation distance between antennas.

For wireless systems which grossly quantify the multipath
channel are used. The mean excess delay, rms delay spread,
and excess delay spread are multipath channel parameters that
can be determined from a power delay profile is given in eq.(8-
10) and is explained by [2]

7= b “i""k L= 2ok P7r) Tk ®)
L5 ai 2k P7x)

= _ 2k aire _ Ly P(m)i ©)
Ek aﬁ Zk P(Tk)
or = \/72 — (7)? (10)

where 7 is mean excess delay, o, is rms delay spread and
P(7y) is power delay profile

Bit error rate (BER) is given in eq.(11-13) and can also be
defined in terms of the probability of error

BER = Q[v/2(Es/No)C.]

e 2
et /2dt

(an

1
Q or _/; (12)
E} is the energy in one bit and Nj is the noise power spec-
tral density, so %‘L is a form of signal to noise ratio.and C, is
correlation coefficient which ratio between receive correlation
and transmit correlation and the channel frequency transfer
function He(f,d), which obtained from the measurement.

157 IVe(£, d)|df
I \Ve(f, d)Pdf. [5° |He(f, d)|df

I1I. MEASUREMENT DISCRIPTION

Using the VNA(Vector network analyzer) was operated in
the response measurement mode and generates transmitted
signal and translates received signal, where port-1 was used as
the transmitter port (Tx) and port-2 was used as the receiver
port (Rx). The Tx antennas were fixed at the height of 1.50

C.= (13)
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TABLE I

EXPERIMENTAL SETUP PARAMETERS.
Parameter Value
Frequency range 2 GHz to 3 GHz
Number of frequency points 801
Tx antenna height 1.50 m
Rx antenna height 1.00 m
Distance between Tx antenna and Rx 2,46,8,10 m
Antenna type Microstrip
Power of Tx 1w
Modulation BPSK
Bit rate I Mbps

Fig. 4. The Microstrip antenna structure.

m and Rx antennas were fixed at the height of 1.00 m from
ground. Both Tx and Rx antennas were separated by d.

In our analysis of interference of IEEE 802.15.1 (Bluetooth)
working together with RFID system, we propose system mod-
els to notice the characteristics of IEEE 802.15.1 interference
which affect to RFID system. Simulating a RFID signal at
a frequency range of 2.0-3.0 GHz and IEEE 802.15.1 signal
at 2.45 GHz that is performed in an indoor environment at
the room of Department of information engineering in King
Mongkut’s Institute of Technology Ladkrabang.

The RFID transmission signal and RFID transmission signal
with IEEE 802.15.1 transmission signal show in Figs.2 and 3
respectively. The propose system model of RFID transmission
signal in the presence of the IEEE 802.15.1 interference in
Fig.1. We have chosen the microstrip antenna for Tx and
Rx antennas show in Fig.4. The important parameters for the
experiments are listed in Tablel. Sy; is shown in Fig.5.

IV. RESULTS

The measured data of the interference signal on RFID
transmission are show about In the radio propagation channel
and performance of RFID system is frequency band 2.45G H z
in different distance between Tx and Rx in an indoor en-
vironment. From result of experiment in Figs.6 and 7 show
magnitude of the measured channel transfer function for RFID
channel between only the RFID signal and the RFID with
IEEE 802.15.1 signal perform at the same time in an indoor
environment respectively. So that, only the RFID signal and
RFID with IEEE 802.15.1 signal perform at the same time
have maximum power value about 2.45 GHz. But only the
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Fig. 5. Sy characteristics of microstrip antenna.

Magnitude [dB]

"~ 2.2 24 28 2.8 3
Frequency [GHz]
Fig. 6. Channel transfer function for only RFID transmission signal :
magnitude.

RFID signal has noise lower than RFID and IEEE 802.15.1
signal perform at the same time.

In Figs.8 and 9 show phase of the measured channel transfer
function for RFID channel between only the RFID signal and
the RFID with IEEE 802.15.1 signal perform at the same time
in an indoor environment respectively. The phase in only the
RFID signal is linear and low noise.

In Figs.10 and 11 show the path loss and the rms delay
spread at separate distance, its result show that the path loss
and the rms delay spread increase if the RFID and IEEE
802.15.1 signal perform at the same time. Moreover, when
RFID and IEEE 802.15.1 signal perform at the same time, the
BER will be raisen more than only RFID transmission signal
illustrated in Fig.12.

V. CONCLUSION

In this paper, we discuss the characteristic of radio prop-
agation channel and the performance of RFID transmission
signal, it indicates that IEEE 802.15.1 (Bluetooth) interfer-
ence can cause a significant increase in the bit error rate
(BER) and the radio propagation loss of RFID system. The
result from transmission can be know about radio propagation
characteristic and performance of RFID systems. Especially,
RFID transmission with the coexistence of IEEE 802.15.1 has
high the bit error rate (BER), the path loss and the rms delay
spread more than only RFID transmission signal. Then we can
conclude that IEEE 802.15.1 transmission makes interference
signal to RFID transmission in all every bit rates and distances.
We hope that this paper can provide sufficient and useful
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26
Frequency [GHz]

Fig. 7. Channel transfer function for RFID with IEEE 802.15.1 (Bluetooth)
transmission signal : magnitude.

4 28 I 9
Frequency [GHz]

Fig. 8. Channel transfer function for only RFID transmission signal : phase.

guideline for the development of RFID systems with optimized
the performance, especially in outdoor environment and design
properly antenna for RFID application.
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