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ABSTRACT

This thesis studies the characteristics of transmission channel in radio frequency
identification (RFID) with human body involved in an indoor environment. Friis’ transmission
formula is applied to analysis. The measured result evaluated by Friis’ transmission formula is
convenient and not complicated for use, which is approved in many fields such as science and
radio communication engineering. Moreover, this formula is suitable for narrow band
communications. This research measures the characteristic of transmission channel in RFID
system with vector network analyzer (VNA) machine, which is used for measuring and recording
data. The microstrip patch antenna that is operating in microwave band is implemented in
transmitter and receiver sides in each model. Furthermore, this study designs the model which
attaches the received antenna on human body and analyzes it in an indoor environment. After that
the data from designed model will be considered to find magnitude and phase of transfer function,
path loss (P,), path gain (P,;), power delay profile (PDP), correlation coefficient (C,), and bit error
rate (BER). The result from several parameters, they can be used for evaluating the transmission
loss from effect of human body and can estimating the performance of RFID system also. Beside
the data from experiment can be useful for being reference in other researches and can be used to
develop and improve this RFID communications in the future.
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Tuilegiu1Alimssaunguszniiudaslszma Memmsimuanasgnad
A é o Aa - » ' a '
AU YBITTVUN I FomsuusAIANAIEA NN INg Tavlimunguingq Ae nqu
Uszmalugladuozuenim (Region-1), ngulszmaemsnunilouarenimla (Region-2)
L\ s 4 " L
uazgamoRengulszimanzJueenlnauazesmasido (Region-3) FuAazngquilizimee:
Amuauan i lumsiden1¥anudaeg Musussanlszmaaundn
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atn Isimwanudvesnaummzdnanniion1Fmuiu lutoun2u@ 1SM (ndustrial
- - J " 3 ° o
scientific medical) FuilugmunnudiivawlszmadimuaBaeandesiulunseyanailg
- Ea) as J H o
luFgacdmnssy Innmaas uazmsummd dmsuuouanuaau ISM Admualild
ﬂmi’us:uumséatnm'uuszui”muﬁ".mm1n‘ﬁ“’3nqﬁﬁwﬁu 4 tuANuDAL
e GUAUDAI (Low frequency; LF) N1 150 A latdsas
[ - -
e GWANUDYI (High frequency; HF) 13.56/27.125 mnnzidinds
e GMANUDGININ (Very high frequency; VHF) 433/868/915 LUNNIF3 A%

e A luIas (Microwave frequency) 2.45/5.8 ANZI35 A%
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i = v o -
i 24 nfoudouuounaidluns s suunsdemsuszyfaudaonanid

IMGAUTTUVANA [8]

v . J - - 4- J
Al 22 Sunaivesszuums demnsuiszydaaudaoa s Ingh 19 [9]

125 kHz

dmnd AuANYUL msldam
duadm -szozmsiudedoyalnd -AUAUMSIHI8eN
100-500 kFHiz -Aunuhiga lgdad
Amidnasg A lumssideyam -STVUAIND
Aldmamhife | -awdlusnididhisumsnanoiaTan
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MmN 22 (Av)

dwmwdnan | -szozmsiudedeymhunan -ARUMsIIeeNn

10-15 MHz s milun hiugnasluewna -nninmsa

anwdnasgit | -anuda lunssdeymhunans -Hoya

Wowhhde | -aomdludnilidhifiuwsnaoalan

13.56 MHz

Sy -szgzmsiudedeyalna 30 h

433/868/915 MHz | -anuialunmsenidenaga STUUAUAHTINN
AWM

1uAWE -szozmsiudedeyalnamn -300ud 30 Irih

TuTasi A lunsemdeyagann “STUMAUAFIUNN

2.4-5.8 GHz -3 MN

a3l 23 nSouiouduaudiang vesszuunsdemsuuuszydaudionniding [6]

dnnd <135 kHz 13.56 MHz | 868/915 MHz, 2.45/5.8 GHz
Fiinvouniveiy gnnszdu Chifivuane?) nszfuies (@uvane3)
Fensdens mamilenhadumimdnTith | msudsdumivdn idh
fasda 72 dBpA/m | 42 dBpA/m | 10 D3 100 mW, 500 mW, 4W
PR 0.5— 1 1uA3 3-15 1WA
sasudadeya @ >
VUIRTRIMA Tngj < ian
Mamegnzainiag CIR i
. i S

252 wasgnlunsiyau

mns;mvmms'li'nu-ums:uumséamsuuuszm’hnuﬂmﬂ11uﬁ?nqﬁﬂmu

IJ'Iﬂij'mllﬂufi American national standards Institute (ANSI), Automotive industry action group

(AIAG), European article numbering association international, European telecommunications

standards institute (ETSI), European radio communications office (ERO), American society for
testing and materials (ASTM) U2 Electronic product code global (EPCglobal) tiludu Tag

wasgunaniiion1$iufe international Organization of standard (ISO) [5], [9]
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Tagladmuainaszm i 4 Auaail
- nasgmanuma TuTad (Technology standard)
ISO/IEC 18001-6 ma Tu TaBdmmemsdmsumssans lussuumsdemsuuussy

AAuAIoA N INg uiteenih 6 diude

v (3R]

L =

daui 1 wisimesdmiumsdeas luemeadmiuanuanoeysuiulaoia
dauit 2 M dmsunsdeas luemeadanuanand 135 Aladsad
daufl 3 msilimesdmsumsdes lueimeaduaad 13.56 wnnzidsad
daufi 4 misiimesdmsumsdems luemeatunanud 2.45 Anidsas
dauit s malinesdmiunisAeas lueimad A 5.80 Anzi@sad
duii 6 ms1ﬁmaﬁ'ﬁm§'umsﬁams'lummﬂdmmm‘t’;qq?iq (Ultra high frequency; UHF)
- wasyuaugluuudeya (Data format standard)
ISO/IEC 15418 matnizesyavesdeyauazueindinsudmsvymlszasdnisdaia
doya sidamsszyesdnmsuAnveudmiunsiguasmn
ISOMEC 15434 maTuTlataminasuvummanz lumsderiudimsuns
domsiitinnugga
ISOEC 15459 1aomnasgminsaiumaiin Ny uazmmmul‘f’;mﬁmfunau
nszIUNsdveya
- 1ASFUAIUMINATOU (Conformance standard)
ISOAEC 18047 Tassardvvesgunsaimsdeasunussyfaudaonnudngdmsy
Msnadel
- nasguAums 199U (Application standard) fhpiulidrofunaomasgn 1aun
ISO 10374 MATFIUATVUAITUAWVVIZYAIAUDA TUITA
1SO 11785 AsguMsAesHULszYRIAUA AT INGA 1§TudaT
1SO 18185 W1ASF UM AT UVVIZYRIAURITANEINgdmTugns el

dranmseiind 1ihudu

253 nseyanalsanihnlszmsana

Uszmanaiznssumsients Insaunnauuvaa (my) alus1vdeenguny i
123 Aputitay 10 9 asduii 24 unsIAY 2549 Tndnan HandadwasA YTy 719
Mdsdaiind1 1 Jad dedlidecvesygna uathedsznin 14 Jaddeveeyga nazd
fidadagandn 4 a8 aaznssunsienms InsmnnmuuvanAdesfissandnasinziams

A A L] ar .n L] ar
sununaudu q wie'li msliginsalunsdemsuuussydanudaoniuding Wldsy
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1Y 9%1A (National electronics and computer technology center; NECTEC) Tfnuaans
mivauensumendadidaazA s Udyea dudninnuduasugaamassuserdus
UM3A (Software industry promotion agency; SIPA) SzARYMUIMNMIVTYUMINAIU
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o o A
3.2 nqugnmaswnuveacaluyesduanaeimaindimiunsdeasuuysy

Y R
fAUMBANINEINg

Transmit Power Received Power

P.(f) (/)
i 8 P
Input—»-{ Transmilter\ d re Receiver [—»Output
- >

g1 3.1 vdenlavzunsunsdeiidmiuns deasuussydaudionnuding

¥
| . o (O] ' A
il Iddnyvesdaaamsderin luedmainmelueins ineminanszny
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voasa lunsilsznamawoudygruluvesdyaruuay (Namow band) egluszau
A d' - ar v \

@01 (Line of sight LOS)iipaninaumsveans miluiiseusuiusdriaunsnarolums

domsuuyl¥mo Tassasmvmnoveslsalusesdygnuednmain G, (1) fisfisan

E d
Tuanisoiiaansa@ouauns 1anu [13]

G -GG o1

§1 P,(f) uaz P,(f) Wumdsommedniunazdmdsnwdny  Taoi G, (f).

ﬂ'lll'l?il'l‘lﬂ“i’lﬂﬂﬂﬂ'ﬁﬁ 32

G(f)= (;5;-)2 7 (2)

fmuald  G.(f) fe dasinsvoovesmoeinianed sy
G,(f) fie das s vnovesmoeImmIATIA
& i
A fAeanuemaauliim A =c/f was
- < = s 5o -
¢ fie anuSmaslin 3x10° WwAsABIUIN
£ fe anvanlimaaes

d A9 IZUTHINISHINMEBINIARIAINUAISY

3.3 Innzvincelouvesdyanuveaiialue:maindmiumsaeasuuy

Y da
1:1]9!19]“5’)07\’)1“&1‘"[]

Hmcr)=§:=ﬂ,(f)n,(f)-nm

- >
H(/) J I H, (1)
- - - .
V V
Transmitter ' H.(f) d Receiver
antenna -t S antenna

717 3.2 vdenlaezunsums oo Toudaanavestsalueamaing
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HandumsowloulumnmFdeudmivesdyanaueimainveatia uaaa

H & ' ar o ar
aunsi 3.3 ¥ ¥, uaz ¥, Ae adveanwdmduazdsumuddy [13]

Hyw ()= =H ()} 1,(7) 63

H,(f) =H,0..9..f)

Tngi =0,H,,0,.0..)+4.1,,0..0,.f) (34)
a =rort

dmiufaidumsarsTeuvesveadygyruermain H,(f) luzduumFdou
ar H 4 3 [ ] aray H i
aunsooulddsaunisn 3.5 Faumsiigni Wilguanidvesnuduinuazanuday

i lawguanifvesnnuiluaumqouna
H,(f) =2 expl- jikd) 3.5)
' Amd

» »
Taofimualfionaes 192 (Polarize) Hazdunus (Relate) AUATUNTSN 3.6 uas

aunIN 3.7
6.=6, (3.6)
@r = _él (3'7)
dmuald | H,(f) Ae HendunmsdnTeuvesvesdagnaumednisy

H,(f) Ao HandumseioTouvesvesdggnamidiuda
A feanuomnaauiim A =c/f wa3
¢ Apanuiwmmila 3x10° wasdAe UM
£ feanudnldmanes

d 9 IToSHNITHINTII0IMARITINUAITY



23

33.1 MgIaeEI0
a "l ar o " J A
Tuszuumsdemsuuy mniuthmnondnvewusaesnsunsnsznoaauie
o <2 4 - ol ar A v "

MsaamIaoInImsgyIdoFiitvesdyyiu (F,) 118991015 UNI NTTI0HIY
L] o I o L) ﬂ'. ar 41' o A i o o e
yosdggraliiltovawedanawanseny TaosdunlsidngReszoensznindsuiug
a3 aunsmnIgdadItvesdyIuLaAIR U 3.8 daunsdinesandmashannig

N O R T -
windeumunsom 1dnnaunsi 3.9 Falaona hlinezeglumisoves adiva (dB) [14]

P, (dB)=1010g[5-J (3.8)
F,
P, (dB)=PL(d,,)+10nlog(di} d>d, (3.9)
0

332 snivenNaI¥aI0
dmiudaswonaditvesdyy i (7)) suiludiunduvesnsgadodiitves

dyanuaunsom Idnnaums 3.10 uazasdinasanmasiannzmnadesaunsom 1den

P, (dB)=1010g(%J (3.10)

AU 3.11

P,(dB)= PL(do)+1onlog(diJ]; d>d, (3.11)
0
Taoi P, fAemadssumiduds
P Aefdsmumndmsy
d, fABszozNNdNBI
d  feszozmnssvInAIdIiuAs UdYe w

1

n flemAsnanIZUIAABY

M1 3.1 Ansnaanzaden luudaznsal

annznAden fnai
9INMATN 2
molusms luszavuenom 1.6-1.8
ganavINmeTluens 4-6
vinuludies (Mousnens) 2.7-35
gnumialuiles (mouenents) 3-5
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333 MIN3zaEMNN

IUNIMsUNI n3T0veIdygIuszninddinualsuil ldvaoniamie uas
dygaudazdiuinszdd i hudumaniiszoene liiu dfyenaundiveiuduns

» .
huduasisznindrududads dygradiuiiinezs@umandaniniud luvasi
ar 1 A ] ar J — J o ar
dygnadudulinsgyidosuiisunnamsazsieunasiimmeniezndimasy dyanw
s L] - | . o " L] ¥ Y a ﬂ'
invgldnamsunsnszaeiviunt Fnnuadvesdyana luudazdiude iAailgygi
. L) Bl : ; s ' 1 . ' o
130071 M3uAY3239 (Delay  spread) YU WuAdyaIUuAazd U lFHRaNAUMA Ty
ar n’a -2 o “ = = A P [ ar "
aniudsduiludesinsandwaiigniaeusen hlvesdyanandundinaiy Tasludiu
o . o & a o a St o =
VOININTTIONNIA (Time dispersion) HU TIWITDAATIHIIAMITIWIADINITUNI AURDY
- A 3 ¥ o v H - _— »
nadewiuesn llvndwanAumTeaunaoanlsz3a (Mean excess delay; 7) tazAns
- 4 o L

urrsz3aa (Root mean square delay spread, RMS delay spread; o, ) mqnumu‘li’mauﬂ‘ls
¥ 3.12 uazaunsn 3.14 awday [14H15]

E’l affx _ 3-;‘1 P(rk )Tk

L 5 n (3.12)
El a; El P (Tk)
Tned ;‘2-2 Elakrf _ élp(fk)r k
AN = (3.13)

raf  ZP(z)

k=1

dmivmmsuslsziaaransaloudsauns (3.12)

', \/ 7% — (?)2 (3.14)

Amuald a, 8 vinAvesdyauduNed k
7,  fe nanlszliifavuvesdyaaudumai k

P(z,) e Masnuvesdyanaudumai k
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33.4 masammsunlszianm
Y ot @ A e & Aa o = s A Y g =2 o o o
wmnieinmagdnamilaidominndinszimeuaa IMimudssaumanu
w [ » ad'-l
vosdganuiitundnmaiuinadn q smisdwaaiiudwanssnuvesdyaaiiing
) a A A " W@ ada - [ Y o W -
azoulunansiirmansenG snNdyaunarsin laseziEond nmmhaadanslszda
] o A o L) - :
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Fumisvesmsemaaiy P, P, Ps P Ps
fis1amouyud (B) 6685 | 6594 | 6527 | 6651 | 66.13
Us e nswmouyud (dB) 6554 | 6496 | 6483 | 6490 | 6526

NI IHe IMARISY Pe Py Ps Po Pro
fis1amonyud (B) 6754 | 66.88 | 66.74 | 67.69 | 67.13
Usrns mouyd (dB) 6519 | 64.19 | 6492 | 6509 | 64.99

FumuveImae MY Pn P Pis Pia P
fis1emouyud (dB) 6682 | 6548 | 6625 | 66.99 | 67.82
s nsamouyyd (dB) 6548 | 6422 | 6540 | 6501 | 6532

umisveInee ATy P P Ps | P
fisnmounyud (dB) 6825 | 67.83 | 67.99 | 67.53
U903 1uMouyd (dB) 6538 | 65.17 | 66.04 | 6582
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Fumisvesmaemagty P, P» Ps Pa Ps
fis1mouyud (dB) -66.85 | -65.94 | -65.27 | -66.51 | -66.13
s umouysd (dB) -65.54 | -64.96 | -64.83 | -64.90 | - 6526

FuniIvesne ARy Pe Ps Ps Po P
fis19mouyud (4B) -67.54 | -66.88 | -66.74 | - 67.69 | - 67.13
519913190100 BE (dB) -65.19 | -64.19 | -64.92 | -65.09 | - 64.99

FumrvesmaemafIiy Pu Pu Ps | Pu Pis
s muounywd (dB) 66.82 | 6548 | 6625 | -66.99 | -67.82
s 1nsamouyud (4B) 6548 | 6422 | -65.40 | -65.01 | -65.32

FumiIveInEeIMA ISy Py Prr P |
fis19mouywd (4B) 6825 | -67.83 | -67.99 | -67.53
Usmnsumouyud (dB) 6538 | -65.17 | -66.04 | -65.82
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Y P, P P Py Ps
fis1amouywd (dB) 63.75 | 63.61 | 63.68 | 63.99 | 63.59
U519 InT RMouyud (dB) 6251 | 6249 | 62.63 | 62.60 | 62.72

FmmiIveImae ManI3y Pe Py Ps Po Pro
fis19mouywd (dB) 64.63 | 6472 | 6457 | 64.85 | 64.71
Usiemnsunouyud (dB) 63.01 | 63.07 | 6282 | 63.09 | 6298

AR smEeIMARISY Pn Po | Ps | Pu | Pis
fismouywd (4B) 6530 | 6565 | 6558 | 65.43 | 6534
UseIns umouyyd (dB) 6352 | 6358 | 63.59 | 63.38 | 63.69

FnmiveImweIMAfISY P P Ps | Puw
T3 19mouyyd (dB) 6662 | 66.68 | 6725 | 66.90
Usensumouywd (dB) 6436 | 6442 | 6457 | 6421
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Fumisvesmoemnad3y Py P, Ps P Ps
fismouyud (dB) 63.75 | -63.61 | -63.68 | -63.99 | -63.59
Usinsnmouyyd (dB) -62.51 | 6249 | -62.63 | -62.60 | -62.72

Fumisvesmeemafiy D Py Ps Do Puo
fis1mouyud (dB) 64.63 | 64.72 | -64.57 | -64.85 | -64.71
Usireinsenouyud (4B) -63.01 | -63.07 | -62.82 | -63.09 | -62.98

FumyavesT g IMafITy Pu Po | Pn | Pu Pis
s umouyud (4B) 6530 | -65.65 | 6558 | -65.43 | -65.34
Us1AIns 1oy (dB) 6352 | 63.58 | 63.59 | -63.38 | -63.69
NUNHIYBITIeIMARITY P P Ps | Pw
fismouyud (dB) -66.62 | -66.68 | -67.25 | -66.90
U5 mouyd (48) 6436 | 64.42 | -64.57 | -64.21
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Iﬁnmﬂwmmmmﬁﬁ"a’fu

Dol D | P3| P | Ps | Ps | Pr | Ps | Po| P
(1.5 131A5)
ﬁi'umﬂuqu (dB) 62.98)59.81|57.56|56.21|56.42|61.46|59.72|58.72|56.86|58.57
51A91A3 AoUYBE (dB) 55.77|55.77|53.98|54.59|53.52|55.58|54.27)56.2454.75|55.39
FinniavesneeImaAn Iy
PulPr|Pu|PulPis|Pwe| Pra|Pris| Pro
(1.5 14A3)
15 19mouyud (dB) 62.46{62.64|57.64|57.56|56.58|56.87|58.38|64.47|62.95
U513 1uMouyd (48) 55.97]56.00|55.49)54.82|56.18|56.10|55.42|58.08| 56.66
p‘hlmu'waqmnmmﬂﬁ'ﬁ'u
DL\ P2 | P3|\ Ps | Ps | Ps | Pr| Ps | Po|Pro
(3.0 1uA13)
5 19mMouywd (4B) 64.55|69.87|64.78}66.91|69.10]65.62|67.17|62.73|65.98|64.75
s 1r9 s umMouywd (48) 63.52]60.6259.87]60.15]59.60|62.35]61.18|60.49|60.90|61.48
FumvdavessnsemafI3y
Pu|Pur|Pis|DPu|Ps|Pw|Pi|Pis| P
(3.0 134A15)
ﬁ‘i'nmtmqué' (dB) 63.84163.69|63.83167.22|64.21|65.47|61.77|68.08|65.66
s ns umouywd (dB) 62.75(61.26/61.2963.05|62.37]62.09|60.62|65.4764.34
ﬁumﬁummummnﬁ'ﬁu .
PP | P3| Py | P5s|Ps | Pr| Ps| Po|Prwo
(5.0 14A3)
i519muoinyud (dB) 69.70|71.89}69.99|67.13]75.10{74.07|72.10|72.42|68.70|73.32
s rvInsemouyud (dB) 66.82|65.18|64.41|66.38|66.80|66.00]64.92|67.28|65.56|64.47
Aunniavessweimaniy
PulPa|Pua|Pu|Pis|Pis|Pri7|Pis|Pro
(5.0 11AT)
s umouysd (4B) 70.69]69.39]69.67|69.95|70.25|68 28| 73.31|71.43}67.00
Usemns umouyyd (dB) 66.57|65.42|66.75]65.49|65.86]63.09]67.64|68.18|66.52
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humﬁwmmmmﬂﬁﬁu
Do\ P | P | Ps | Ps | Ps | P2 | Ps | Po | Pro
(1.5 14A13) b i
ﬁs'nmﬂuquﬁ' (-dB) 62.98|59.81|57.56|56.21|56.42|61.46|59.72|58.72|56.86|58.57
ﬂﬂﬂinns'umﬂuqué' (-dB) 55.7755.77|53.98|54.59|53.52|55.58|54.27|56 24|54.75|55.39
FnaveamueIManI5y
PulPol|Pua|PulPis|Pis|Pir| Pis| P
(1.5 1105)
fii_'mﬂwuqu (-dB) 62.4662.64|57.64|57.56|56.58|56.87|58.3864.47]62.95
ﬂsmﬂm’nmuuunﬁ' (-dB) 55.97|56.00]55.49]54.82|56.1856.10|55.42|58.08|56.66
FiuniaveamaeIMafsy
Do\ | P3| Ps|Ps | Ps | P | Ps | Po|Pro
(3.0 131A13)
i 19mouywd (-dB) 64.55|69.87|64.78|66.91]69.10]65.6267.17|62.73)65.98|64.75
1Is1ﬂinns'1qmt1nqm'f (-dB) 63.52]60.6259.87]60.15]59.60}62.35]61.18]60.49]60.90| 61.48
FnyIveIneeIMAfnIs
PulPu|Ps|Pu|Pis|Pwe|Piz| Pis| P
(3.0 14A3)
ﬁs'wmauuué’ (-dB) 63.84]63.69|63.83|67.22|64.21|65.47|61.77]68.08|65.66
ﬂﬂﬂinﬂ's'umauqnc‘f (-dB) 62.75/61.26|61.29]63.05]62.37|62.0960.62}65.47|64.34
Fumiavesmeemasasy
Dy |\ P | P3| Py | Ps | Ps | Pr| Ps | Po| Pro
(5.0 14A3)
ﬁs'nmﬂuuuﬁ' (-dB) 69.70{71.89]69.99167.13|75.10|74.07|72.10|72.42|68.70} 73.32
Us1A91ns wnouyYd (-dB) 66.82|65.18|64.41|66.38|66.80|66.00|64.92|67.28|65.56|64.47
FmmiavesmeeImAnISY
PulPu|Ps|Pu|Pis|Pe|Pi7|Pis| Pro
(5.0 1uA3)
ﬁi'nmﬂnqnﬁ (-dB) 70.6969.39]69.67|69.95|70.25|68 28| 73.31|71.43)67.00
1Ji1m1ﬂ's'1qmﬂuqu (-dB) 66.57|65.42|66.75|65.49]65.86|63.09|67.64|63.18|66.52
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- " v = i o " [ ﬂ'
AINN 59 ﬂ'lﬁ'llﬂﬁ".‘.’ﬂﬂﬁfl"l'lﬂllﬂi.lf‘i‘]U'Nﬁ:lﬂﬂﬂ‘lullﬁﬁzwlllu\‘lﬂﬂﬂll'l.l'l]‘ll'lﬂ'i’NTl 3

|v'i1umﬁwaammmﬂﬁ'ﬁu
Do\ P | P3| Py | Ps | Ps | P7| Ps | Po|Pro
(1.5 14815)
15 19mMouyd (dB) 0.913]0.939]0.9410.956]0.9480.959}0.939]0.956|0.9680.955
s e nsumouyd (d8) 10.9560.976{0.953]0.951]0.954]0.965]0.961]0.957]0.964}0.963
FinndaveanaeImanisy
PulPu|Pis|PulPis|Pis| Pir| Pl P
(1.5 14913)
fis1amounyud (4B) 0.930/0.931]0.966{0.963(0.9560.942/0.951 0.924|0.953
1Ji1ﬂmﬂ:i'1qmﬂuqyé' (dB) 0.944]0.954}0.957/0.959]0.952]0.952}0.948}0.916/0.919
FuryaveameIMafIsY
PP | P3| Py | Ps|Ps|Pr| Ps| Po|Pro
(3.0 11A13)
ﬁs'nmauquﬁ (dB) 0.872]0.755]0.8830.878/0.812|0.8740.834]0.927]0.9090.922
s nsumouywd (dB) l0.883]0.934]0.927[0.9190.902]0.925 0.930/0.932/0.943[0.926
FMyIve e INIAaI5Y
PulPu|Pa|PulDlis|Pis|Pir| Pis| P
(3.0 131A15)
ﬁ‘hqmﬂuuué (dB) 0.905]0.8960.92310.863]0.9240.904(0.918|0.8580.865
s e Inseaouyud (dB) 0.929]0.938]0.937/0.927]0.918}0.930]0.921|0.893}0.910
Fnyave e IMAfISY
Do |\ P2 | P3| Ps|Ps | Ps | Pr | Ps | Po | Pro
(5.0 114A13)
ﬁi'nmﬂu'qyé' (dB) 0.787}0.750]0.75310.837}0.619]0.672}0.770]0.710}0.824}0.699
s nsemouyud (dB) 0.851]0.852]0.845|0.814]0.8060.876]0.8730.882}0.8740.857
° ] o er
Flmumimmummﬂmm
PulPo|Pu|Pu|Pis|Pis|Pir| Pris| Pro
(5.0 14A135)
i'ji'"nmumwﬁ (dB) 0.831(0.786/0.785(0.769(0.816{0.873[0.5940.742[0.841
s nsemouyud (dB) 0.855(0.865(0.8740.8580.8650.914/0.8830.8450.839
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ABSTRACT

This paper we consider characterization of radio frequency
identification (RFID) transmission gain with human body
indoor environment for wireless body area network . In our
study, we will arrange the position of RFID on the human
body to find the effect from body causing to the RFID per-
formance. Friis transmission formula is used to analyze a
signal distortion and transmission performance. The re-
ception is considered to the maximum signal to noise ratio
at the receiver in this modeling. We will illustrate the effect
with magnitude, phase, path gain and power delay profile.
Some experimental examples are shown.

1. INTRODUCTION

In present day, the wireless technology has been devel-
oped drastically to prepare to the need of the users. radio
frequency identification (RFID) technology is the one of
the promising one. This technology is capable of storing
electronic data, developed to replace the barcode system, to
be tracing system, and to find object by using transfer func-
tion data with the radio frequency system [1]. The main
component in RFID system is Transponder (Tags) that is
used the record the detail and the important data which in-
volves those object and the antenna is implemented in com-
munication channel. Another component is Transceiver
(Reader) which is used to connect the data coming from
tags and sent it to processing process [2].

RFID system has the significant advantage that is capa-
bility in reading data correctly and readily without contact-
ing the object surface. Moreover, it can communicate in
several medium and can detect data in unsuitable environ-
ment such as more humidity and more vibrating [6]. From
these advantages, RFID is bringed to apply on daily activi-
ties in present moment. The interesting issue is implemen-
tation of RFID technology on human body to locate the
position and identify the person. Because the population
has grown rapidly, it necessary to separate the detail from
each people. To make use comfortable in communication,
RFID system is the best choice to be suitable in identifying
and locating human body.

In this paper, we investigate the effects of human body
on RFID antenna propagation. This scheme is based on the
Friis transmission formula [3], adapted for RFID. In the
sense that we would like to derive the equivalent antenna
gain for RFID systems. The transmission signal is key for
the extension of the Friis formula to RFID. To know the
actual antenna transfer function, we carried out the exper-

iment with the microstip antenna at transmitter side and
receiver side in indoor environment.

2. TRANSMISSION SIGNAL ANALYSIS

In this study, we focus on the transmission signal in
the free space. The Friis’ transmission formula has been
widely used to evaluate the transmission for the narrow
band LOS channels [3].

R(f)
B = GNG(NGU)-

where G;(f) and G,(f) are Rx and Tx antenna gain, re-
spectively.

Grriis =

Gy = (35 )2 2

istheﬁ'ecspacepmpagahongmn(lessthanunityinprac-
tice), A = -} is the wavelength, ¢ is the velocity of the
light, f is the operating frequency and d is the separation
between transmitter and receiver antennas.

The spectral density of the received spectrum Vi(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(£) = He(f) - Vi(F)- €)

The received signals v(t) is calculated by using the in-
verse Fourier transform, which is

w(®)= [ " Vi f)e Iy, @)

Defining the RFID path loss(PL),as the maximum am-
plitude of the output signal. Therefore, chosen for the pur-
pose of simulation is given in (5), and is explained by [4]

PL(dB) = PL(do) + 10nlog(3)- (9

where dj = arbitrary reference distance; n = a value that
depends on the surroundings and building types; d = dis-
tance between two antennas.

And path gain (PG) is a power in the receivers side, we
can find in (6) and explained by [4].

PG(dB) = —PL(do) + lwlog(%). ©)
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Power delay profile [5] as consider the power signals
of receivers. Which 7 is average time, P (1) is power

signals, ay is amplitude of signals and o, is spread time
delay.
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3. EXPERIMENT SYSTEMS
3.1. Experimental Setup

By using the vector network analyzer (VNA) model
HP8510C, complex transfer functions can be measured.

Table 1. Experimental Setup Parameters.

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

Tx antenna height 1.40 m

Rx antenna fixed point P1-P19
Distance between Tx and Rx antenna ~3.0m

81

Figure 3. Microstrip patch antennas.

Figure 4. |Sy1| Characteristic of antenna under test.

The transfer functions were measured as So; in the fre-
quency domain. The VNA was operated in the response
measurement mode where Port-1 was used as the transmit-
ter port (Tx) and Port-2 was used as the receiver port (Rx).
The Tx antenna is put inside the room and the Rx antenna
is adhere with human body. The Tx antenna was fixed at
the height of 1.40 m, The Rx antennas were fixed at point
of position p; — p;9 on human body and separated by d.
The limitation of the dynamic range for the measurement
system was 80 dB, including separation distance between
antennas and cable losses. Fig. 1 shows the configuration
of the measurement setup

3.2. Antenna Under Test

In this study, we considered a microstrip antenna which
has a frequency range at 2.45 GHz. It was developed
by KMITL-Information Engineering’s Laboratory that was
suitable for the operation with signal. The structure of the
RFID antennas is shows in Fig. 3. The both of Tx and Rx
antennas are microstrip antenna with width of 10 cm and
length of 10 cm used as the antenna under test (AUT). And
Fig. 4 shown the reflection coefficient S;; of the antenna

The 2007 International Conference on Information Communication Technology
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feed point.

3.3. Parameters of Measurements.

The important parameters for the experiments are listed
in Table 1. It is noted that calibration is done at the connec-
tors of the cables to be connected to the antennas. There-
fore, all impairments of the antenna characteristics are in-
cluded in the measured results.

4. RESULTS

From result of experiment as the Fig. 5, it shows magni-
tude transfer function of antenna in an indoor environment.
So the maximum power value is about 2.45 GHz which
agrees with the characteristic of antenna under test.

From the result, phase is linear which corresponds with
the theory, making this result reliable. Fig. 6 shows the
phase of antenna transfer function. Partially non-linear be-
cause antenna under test are designed for 2.45 GHz, not
cover band.

The power of magnitude group are increase to 2.45 GHz
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after that the power are drop. So to be in agreement with
phase antenna transfer function.

The power delay profile with is human body shown in
Fig. 7. The points at position ps, pg and p,, are the maxi-
mum power because the signal is sent in LOS, which multi
path signals interfere a little. Fig. 8 illustrates power de-
lay profile without human body. We observe that, the re-
ceived power of each point is not different because the hu-
man body is not considered in the receiver side.

Finally,Path gain is the power receivers to turn round
path loss shown in Fig. 9. The points of position ps, ps
and p,2 are maximum path gain. But path gain depicted in
the points which attach on the legs are much less than other
points because they are too far from the transmitter.

‘When we consider every positions between with human
body and without human body that the received signals
with human body is less than without human body. Be-
cause the body will affect to the reception in multi path
case, the signal is non-line of sight. So we can use these
positions for applying in other equipments.
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5. CONCLUSIONS

This paper discusses the received signal of RFID anten-
nas which adhere on the human body and use an exten-
sion of Friis’ transmission formula for contemplate. The
experimental examples use the microstrip antenna as the
transmitter and the receiver operating in the indoor envi-
ronment. In this investigation, that the human body has ef-
fect to the received signal, which makes the received power
decreased. -

From the result, the position of the receiver p3, ps and
P12 are the best position for receive antennas on human
body. We can adhere the receiver on appropriate area of
human body for design and evaluation of Wireless Body
Area Network in RFID systems. So in the future RFID
technology will be used by daily activities everybody.
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Abstract

Radio frequency identification (RFID) system has
the significant advantage that is capability in reading
data correctly and readily without contacting the
object surface. Moreover, it can communicate in
several mediums and can detect data in unsuitable
environment such as more humidity and more
vibrating. From these advantages, RFID is bring to
apply on daily activities in present moment [1]. The
interesting issue is implementation of RFID technology
on human body to locate the position and to identify
the person. Because the population has grown rapidly,
it necessary to separate the detail from each person.
To make usage comfortable in communication, RFID
system is the best suitable choice to be suitable in
identifying and locating human body.

This paper introduces the concept of measuring
double directional channels in RFID systems.
Antermas independent channel data were derived by
doing the measurements. The data was useful for
investigating the impact of RFID antennas and
analyzing signal distortion.

I. INTRODUCTION

RFID technology is capable of storing electronic
data, developed to replace the barcode system, to be
tracing system, and to find object by using transfer
function data with the radio frequency system. RFID
technology is not new because it has around since
World War II (in aircraft Identification Friend or Foe
systems) and in limited use in inventory management
since the 1970s. This technology relies on the packet
transferring of information through radio waves or
electromagnetic waves. However, it has been the
exponential growth in information and communication
technologies coupled with the expansion of global
production and trade. Therefore, RFID technology
becomes useful for managing and tracking large

978-1-4244-1692-9/08/$25.00 ©2008 TEEE

shipments and product sales with a means of
identification for security purposes and supply chain
management [2].

The communication process between the
Transceiver and Transponder is managed and
controlled by one of several protocols, such as the ISO
15693 and ISO 18000-3 for HF or the ISO 18000-6,
and EPC for UHF. Basically what happens when the
transceiver is switched on, which is it starts emitting a
signal at the selected frequency band (typically 860 -
915MHz for UHF or 13.56MHz for HF). Any
corresponding transponder in the vicinity of the
transceiver will detect the signal and use the energy
from it to wake up and supply operating power to its
internal circuits. When the transponder has decoded
the signal as valid, it replies to the transceiver, and
indicates its presence by modulating the transceiver
field [3].

This paper, we discuss the characterization of
double direction in RFID system with human body.
We will know the efficiency of RFID system by
measuring and analyzing transmission power signals.
The both of the transmitter and the receiver antennas
are microstrip patch antennas at 2.45 GHz [8]. It was
developed by King Mongkut's Institute of Technology
Ladkrabang (KMITL), Thailand that was suitable for
the operation with this signals. The Friis’s transmission
formula has been widely used to analyze transfer
function and evaluate the transmission in line of sight
(LOS) channel. The reception consider the maximum
signal to noise ratio at the receiver in this double
directional modeling.

The results in this paper are shown in path loss that
is the maximum amplitude of the output signal, in
correlation coefficient that is the efficiency receiver
side, in delay characteristic and bit error rate are the
probability of error receive signals on the double
direction of RFID system in indoor environment. We
can apply to use with human for design and evaluation



of wireless body area network (WBAN) in RFID
systems.

II. TRANSMISSION SIGNAL ANALYSIS

Figure 1. RFID transmission in free space.

In this study, we focus on transmission channel in
free space by using Friis's transmission formula [4] to
evaluate signal between transmitter and receiver in
narrow band as shown in equation (1). Transmission
gain in free space was written in that equation.

P, Y
G s —+=G,G, 0))
P, 4md

where G, and G, are the antenna gain of the
transmitting and receiving antennas, respectively. The
free space propagation gain (less than unity in
practice), A =C/ f is the wavelength, ¢ is the
velocity of the light, f is the operating frequency and
d is the separation between transmitter and receiver
antennas.

The transmit signal we use sine wave in microwave

band and modulate signal by amplitude shift keying
(ASK). The transmit signal can be written as

w(t)=Asin (27ft)
s O)=m{e)cos(@,1)

@
3

Path loss (£, ), is the maximum amplitude of the

output signal. Therefore, chosen for the purpose of
simulation is given in (4), and is explained by [5]

P,(dB)=P,(d,)+10nlo di}
0

@

where g, is arbitrary reference distance, I is a value

that depends on the surroundings and building types,
and 4 is distance between two antennas (Tx1 and Rx,
Tx2 and Rx).

1028
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TABLE 1. PATH LOSS EXPONENT

Propagation Environment n
Free Space 2
Urban Area 2.7-35
Shadowed Urban Area 3-5
In-Building Line-of-Sight 1.6-1.8
Obstructed In Building 4-6
Obstructed In Factory 2-3

Path of signal propagation between transmitter and
receiver in multi direction and each signal is
transferred in the different distance. Some signals will
be transfer between transmitter and receiver in
directional. This signal will be transfer to the receiver
faster than other paths while multi direction has path
loss from the reflection. This multi direction signal
propagation spent more time and more delay than other
signals called Delay spread. That means each signal
has different transferring time so the delay time of
receiver signal must be considered. The time
dispersion was analyze from Mean Excess delay

parameter and Root Mean Square (RMS) delay spread
parameter are shown in equation (5) and (6) [6].

n 2 n
o 1§1 a T, _ E‘;l P(Tk )Tk ©
El af 1)51 P(Tk )

where a, is the amplitude of signal at k path. 7, is
the delay spread of signal at k path. P(r,) is the

power of signal at k path. In equation (7), we will use
it including with equation (5) and (6) to find the power

delay profile (PDP).
o=

= E att K iP(rk)rzt

e g _ k=l
n, n )
El a; El P(rk )

The correlation coefficient is ratio between receive
correlation and transmit correlation, given in (8). And

explain by [7].
f A% dlaf




Bit error ratio (BER) is the number of error bits
divided by the total number of bits transmitted,
received, or processed over some assumed period.

BER=4: ‘(Eb/}iojf;cc] (9)

Q:T;_; f e dt (10)

Q is cumulative distribution function (Gaussian
distribution), x>0. E, is the energy in one bit and
N, is the noise power spectral density, so £, /N, isa
form of signal to noise ratio. b, is rate of transfer (bps)
and C, is correlation coefficient, as following [7].

II. EXPERIMENTAL

A. Measurement Setup

Figure 2. Measurement setup.

The RFID channel transfer function is measured in
frequency domain by using the vector network
analyzer (VNA) in the indoor environment at the room
of Department of information engineering (KMITL).
The VNA was operated in the response measurement
mode, where port-1 was used as the transmitter port
(Tx) and port-2 was used as the receiver port (Rx). Fig.
1 shows the configuration of the measurement setup.
Distance between Tx1 and Tx2 as 1.5 m and fixed at
height of 1.40m. Rx antennas were fixed at point of
position p - p  on human body. The transmitters and

receiver were separated by d, and d,, respectively.
Figure 2 shows top view antenna setting.
B. Antenna Under Test

We used a microstip antenna which has a frequency
at 2.45 GHz. It was developed by KMITL's Lab that
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was suitable for the operation with signal. The
structure of the RFID antennas and the reflection
coefficient S|, of the antenna feed point are shows in
Figure 3 Tx and Rx antennas are microstip antenna
with width of 10 cm and length of 10 cm used as the
antenna under test (AUT).

Figure 4. Antenna under test and characteristic of antenna.

C. Parameters of Measurements

The measurement parameters are listed in Table 1.
It is note that the calibration of VNA is done at the
connectors of the cables to be connected to the
antennas. Therefore, all impairments of the antenna
characteristics are included in the measurement results.

TABLE 2. EXPERIMENTAL SETUP PARAMETERS

Parameter Value
Frequency range 2-3 GHz
Number of frequency points 801
Tx1 and Tx2 antennas height 1.40m
Rx antenna fixed point P~ Pis
Distance between Tx1 antenna and Tx2 1.50m
Distance between Tx1 antenna and Rx d,
Distance between Tx2 antenna and Rx d,

IV. EXPERIMENTAL RESULTS
Path loss of signal was shown in figure 5. At D 0
Pro> which receiver antenna is adhere on the lags is the
maximum path loss. At p to ps» Which receiver
antenna is adhere on the chest is the minimum path



loss. The result in each position was close to each
other. In case of without human body, path loss of
signal in each position is less than the case of human

02 T T T

81" [“=-with human body i}
“©-without human bod

671

Path Loss [dB]
& &

g 2 2

A
-

Figure 5. Path loss of receiver signal.

Power delay spread in case of comparison between
without human body model and with human body
model as shown in figure 6 and figure 7 The result are
shown that human body affects RFID propagation with
wireless body area network. Received power decreases
in all positions. In figure 7 is shown ‘that received

power decreases from 71 to P2 Experiment of double
directional using two transmitter antennas, value of
power delay profile higher than using one transmitter
antenna and in same way the value is close to each
other.

For the value of correlation coefficient with human
body are shown in figure 8. We can see that a value of

correlation coefficient of position 7 to 7 have about
0.35-0.39.

x10
§.
534
:
o2 i
'E 2
21 f
S i
3

1 i

: ‘) w0
Position [p] T
’ Excess Delay [ns]

Figure 6. Power delay profile without human body.
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Figure 7. Power delay profile with human body.

Finally, we can find performance this model from
bit error rate. Figure 9 shown bit error rate with human
body, which point of positions P, Pr1_ Pis and P
(top lines in figure 9) are error more than other
positions (bottom lines in figure 9). From result, we
can use best of these positions for applying in other
equipments.

cnmll;lon Coefficient
g
A |
=
1

4l 1 L 1 1 1 1 1 1 1
2 4 6 8 10 12 4 16 18
Position [p]

Figure 8. Correlation coefficient of receiver signal with
human body.

V. CONCLUSIONS

This paper is studied on experimental evaluation
scheme of RFID propagation channel with wireless
body area network. By creating the model to find the
effect from human body that impacts on
communication system of RFID propagation channel
with wireless body area network. It was shown fading
and distortion of received signal. From analyzing,
using of two transmitter antennas find the received
signal on human body that is better than using of one



transmitter antenna [8]. Therefore, this research is
shown the using of two transmitter antennas to reduce
signal distortion in case of the receiver antenna stick
on human body. In the future, this experiment will be
benefit for researching and developing communication
system of RFID propagation channel with wireless
body area network.

10

SNR(dB)
Figure 9. Bit error rate of receiver signal with human body.
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Abstract—The radio frequency identification techmology in
frequency band at 5.8 GHz is becoming the important part of
a high-speed data rate in the fields of narrow band application
radio wave and in short range wireless communication system.
According, the best performance of effects with human body in
an indoor environment for the wireless body area networks are
necessary to study. This paper, an experimental study and analyze
of effects in the radio frequency identification performance of
transmission signal with human body. Furthermore, we considers
the characteristics of human body in each distances by using the
vector network analyzer, and the microstrip antenna for both
transmitter and receiver antenns. Therefore, this experiment will
be benefit for researching and developing communications system
of RFID propagation channel with wireless body area networks.

Index Terms—RFID, WBAN, microwave antenna

I. INTRODUCTION

Radio frequency identification (RFID) is wireless technol-
ogy used to identify tags. These tags may be carried by people
or animals or object or vehicles [1]. Although some people
think that the first known device may have been invented
by Leon There min as an espionage tool for the Russian
Government in 1945, the first real usage of RFID devices
predates that. During World War II the United Kingdom used
RFID devices to distinguish returning English airplanes from
inbound German ones. RADAR was only able to signal the
presence of a plane, not the kind of plane it was [2].

ISO has developed RFID standards for automatic identi-
fication and item management. This standard, known as the
ISO 18000 series, covers the air interface protocol for systems
likely to be used to track goods in the supply chain. They cover
the major frequencies used in RFID systems around the world.
The seven parts are 18000 — —1: Generic parameters for air
interfaces for globally accepted frequencies, 18000 — —2: Air
interface for 135 KHz, 18000 — —3: Air interface for 13.56
MHz, 18000 — —4: Air interface for 2.45 GHz, 18000-5: Air
interface for 5.8 GHz, 18000 — —6: Air interface for 860 MHz
to 930 MHz and 18000 — —7: Air interface at 433.92 MHz
3]

The interesting issue is implementation of RFID technology
on human body to locate the position and to identify the
person. Because the population has grown rapidly, it necessary
to separate the detail from each person. To make usage com-
fortable in communication, RFID system is the best suitable

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

Fig. 1.

RFID communication in free space.

choice to be suitable in identifying and locating human body.

In this paper, we discuss the human body effects on
the RFID propagation over the frequency band 5.8 GHz
is investigated. The experimental channels are taken in an
environmental. However, the characteristics of the transmitter
and receiver antennas are included in the channel. In the
experiment, a handmade, small-size microstrip antennas are
used at the transmitter and receiver. From the experimental
results, the channel parameters such as the magnitude and
phase antenna tranfer function, path gain that is the maximum
amplitude of the output signal, the correlation coefficient that
is the efficiency receiver side and bit error rate are seen directly
to be affected by the human body.

II. RFID SYSTEM ANALYSIS

We use Friis’s transmission formula [4] to evaluate signal
between transmitter and receiver in RFID system. Because
Friis’s transmission formula is suitable and agreeable for
narrow band communication. The power transfer ratio in free

space is give by equation (1).

B

r AN\"

Gﬁm — R - GlGr (m) .

where G, and G, are the antenna gain of the transmitting and
receiving antennas, respectively. The free space propagation
gain(lesstbanunityinpactice),):fisthewavclmgm,c
is the velocity of the light, f is the operating frequency and
d is the separation between transmitter and receiver antennas.
The transmit signal we use sine wave in microwave band,
power transmit is 0 dB and modulate signal by amplitude shift
keying (ASK) technic. The spectral density of the received
spectrum V;(f) is the multiplication between the spectral
density of the transmitted spectrum and the channel frequency

1)
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transfer function H.(f), which obtained from the measure-
ment. Therefore, the spectral density of the received spectrum
can be written as

Vi(f) = He(f) - Vi(S)- 2

The indoor environment path loss () model closen for the
purpose of simulation in dB can be derived as shown below,
and is explained by [5,6]

Pi(dB) = Py(do) + 10mlog( ) 3)

where dj is arbitrary reference distance, n is a value that
depends on the surroundings and building types, and d is
distance between transmitter (Tx) and receiver (Rx).

For path gain (Pg) is a power in the receivers side, we can
find in (4) and explained by [5,6].

Pa(dB) = —[Py(do) + 1011109(%)1- 0

The correlation coefficient is ratio between receive corre-
lation and transmit correlation, given in (5). And explain by
[6].

Iy Vel d)lif _

Jo Ve, d)Pdf - [§7 |He(f, d)|2df

And bit error ratio (BER) are the probability of error receive

signals can also be defined in terms of probability of error, can
be written as

Cc = (5)

Q= — f T e, ©)

Ver

— [ /(E,,/A;z)fbcc] |

Q@ is cumulative distribution function (Gaussian distribu-
tion), £ > 0. Ej, is the energy in one bit and Ny 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, as
following [5,6,7].

@

III. EXPERIMENTAL SYSTEM
A. Measurement Setup

The RFID channel transfer function is measured in fre-
quency domain by using the vector network analyzer (VNA) in
the indoor environment at the room of information engineering
deparment in KMITL. The VNA was operated in the response
measurement mode, where port-1 was used as the transmitter
port (Tx) and port-2 was used as the receiver port (Rx). Fig. 2
show the configuration of the measurement setup. Tx was fixed
at height of 1.40 m. Rx antennas was fixed at point of position
P1 — p19 on human body. The transmitters and receiver were
separated by d. In experiment, we set receiver with human
body of the distance at 1.5 m 3.0 m and 5.0 m respectively.
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Fig. 3. Microstrip patch antennas and |S;; | Characteristic of AUT.

B. Antenna Under Test

In the experiment, we consider vesd the microstrip antenna
at frequency band 5.8 GHz and the size 2528 mm is used
both of the Tx and Rx antennas. The structure of the RFID
antennas and the reflection coefficient Sy, of the antenna feed
point are shows in Fig.3.

C. Parameters of Measurements.

The measurement parameters are listed in Table 1. It is
note that the calibration of VNA is done at the connectors
of the cables to be connected to the antennas. Therefore, all
impairments of the antenna characteristics are included in the
measurement results.

IV. EXPERIMENTAL RESULTS

Figs. 4 and 5 are shown magnitude and phase antenna
transfer function of distance at 1.5 m 3.0 m and 5.0 m,

TABLE I
EXPERIMENTAL SETUP PARAMETERS.
Parameter Value
Frequency range 53 to 6.3 GHz
Number of frequency points 801
Tx antennas height 1.40m
Rx antenna fixed point P1-P19

Distance between Tx and Rx  1.50 m, 3.00 m, 5.00 m




Magnitude [dB]

54 56
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Frequency [GHz]

Fig. 4. The magnitude of antenna transfer function of distance at 1.5 m, 3.0
m and 5.0 m.
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Fig. 5. The phase of antenna transfer function of distance at 1.5 m, 3.0 m
and 5.0 m.

respectively. From the results magnitude of the distance at
1.5 m is highest and phase is very linear, at 3.0 m have noises
little bit not disturb system. The receive signal for distance
between Tx and Rx antennas at 5.0 m have noises so much,
effect to magnitude and phase is non-linear.

The path loss are compare without human body and with
human body. In case of without human body path loss values
are less than with human body and values of position on
human body are nearly. For case of with human body, position
on the middle human body are minimum path loss because
human body has effect to receiver signals in each area. the
path loss are increase follow distance between Tx and Rx
antennas, saparate at 1.5 m is better than 3.0 m,and 5.0 m
every case.

The values of correlation coefficient of position p; to pyo
have about 0.98 — 0.81 without human body and about 0.96 —
0.59 with human body, shows in Figs. 8 and 9. We can see
that a values of correlation coefficient of the distance at 1.5
m better than 3.0 m and 5.0 m, respectively.
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Finally, In Figs. 10, 11 and 12 are shown the comparison
bit error rate between the case without human body and with
human body of performance in the model of the distance at
1.5 m, 3.0 m and 5.0 m, respectively. In the without human
body case, each of position are not difference. In the case
with human body, every each of position are disperse and
error more than without human body case every distances in
experimental. From result, we can use best of these positions
for applying in other equipments.

V. CONCLUSIONS

The transmission characteristics of RFID antenna with hu-
man body using Friis transmission formula in order to take
into account the transmit signal, the experimental examples
using the microstrip antenna at 5.8 GHz as the transmitter
and the receiver side. Find the effect from human body
that impacts on communication system of RFID propagation
channel with wireless body area network. It was shown fading
and distortion of received signal in each distances. Hence,
the RFID communication system with human body design
must consider the effects of human body when high data
transmission rates are required. This technique gives very
accurate results and is very useful for design and evaluation
of RFID system with human body.

VI. ACKNOWLEDGEMENT

The authors would like to thank Mr. Nutthawut Songth-
apthim from King Mongkuts Institute of Technology Lad-
krabang, Bangkok, Thailand for his design microstrip anten-
nas 5.8 GHz. The authors also would like to thank Mrs.
Kannita Tippayaian and Mrs. Tipsumon Kikkraisuksom form
King Mongkuts Institute of Technology Ladkrabang, Bangkok,
Thailand for help in the experiments.

REFERENCES

[1] “A Basic Introduction to RFID Technology and its use in the supply
chain,” January 2004.

[2] ML Ng,PH Cole, “The reader collision problem in RFID systems,”
presented in MAPE 2005, Beijing, August 2005.

[3] W. Noothong, N. Panitantum, A. Yordthein, A. Worapishetand M.
Thamsirianunt ASIC Design of a Single Chip CMOS RFID Transponder,
NECTEC, Slide presentation, 2002.

[4] H.T. Friis, “A Note on a Simple Transmission Formula,” Proc. IRE, vol.
34, pp. 254-, May 1946.

[5] Leon W.Couch 2, Digital and Analog Communication Systems, Sixth
Edition, 2002.

[6] TS Rappaport, Wireless Communication - Principles and Practice,
Practice Hall, Second Edition,2002.

[7] “Quantitative Evalvation of Ultra Wideband Impulse Radio System,”
dissertation by Sathaporn Promwong, Department of Communications
and Integrated Systems Graduate School of Science and Engineering,
September 3, 2004.

[8] “RFID Multiple Access Methods,” Summer semester 2004 Luc Andre
Burdet Seminar “Smart Environments”

[9] H. Ghannoum, R. D’Exrico, C. Roblin, and X. Begaud, “Characterization
of the UWB on-body propagation Channel”

[10] P. Malison, S. Promwong, N. Sukutamatanti and P. Juengkittigul, “An
Indoor Measurement of RFID Transmission Gain for Wireless Body
Area Network,” Joint International Conference on Information and
Communication Technology (JICT2007), pp. 21-24, 19-22 Dec 2007.

[11} Ghaddar, M.; Talbi, L.; Denidni, T.A.; Charbonneau, A. “Modeling
human body effects for indoor radio channel uwsing UTD,” Electrical
and Engineering, 2004. Canadian Conference on Volume 3,
Issue, 2-5 May 2004.



90— v T - - v v
ash % 1.5m without humanbody J
9  3.0m without humanbody
80 = 5.0m without humanbody
st
-3‘70’ b ®°
o
gss L ol o % a ° e ® : oy
- o
Beol ® o ¢ o o & o o o o 8 6
x
§551; x . ox . i X oox X X ox o 0X X o
504 4
a5}t ;
0 . " " . "

2 4 6 8 0 12 4 16
Position [P]

Fig. 6. Path loss of receiver signal without human body.

90— r v - - - -
ash % 1.5m with humanbody
@  3.0m with humanbody
mr o 5.0m with humanbody
H?SI- i e . - = .
%70!' o o o " @ o8 ® L
= a o
“ L °
65¢ ° @ ® e ° 1
gﬂ; x =° ° o
k x x
x
855; ¥ oxox * R ok i
so}
ast 1

2 4 6 8 10 12 4 16 18
Position [P}

Fig. 7. Path loss of receiver signal with human body.
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