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ABSTRACT

We propose RFID technology for a tire pressure monitoring system (TPMS). RFID
has the distinguishing feature for transmitting power wirelessly to a TPMS device. This
enables the TPMS system to work battery-less and overcome the disadvantages
associated with batteries. Our proposed system receives power from a low-frequency
134.2 kHz transmitter and stores it in a capacitor to enable the TPMS transponder. This
power can successfully operate and transmit data from the sensor through the ultra-
high-frequency 433 MHz to a receiver installed inside the vehicle. The experimental
results showed that it took only 34 seconds to fully charge the power when installing

the sensor, the power transmitter's distance was 6 cm, and the speed was 100 km/h.
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2. spuUATWAgs (High Frequency, HF) svuuiifinufiganaun 3 MHz fa 30 MHz T

AR HF 93lURe 13.56 MHz ssevmsasdyasnsgiueysses iy 2 wes

1 4 '
a a

3. izwmmﬁqqﬁmw (Ultra-High Frequency, UHF) seuuiiiamnufiasis 300 MHz fi3
960 MHz Tnaaud UHF shlude 433 MHz wazanansoeulaszeyinaiia 8 wes du

T



4. szuuanudlulasian (Microwave) szuuiiloaiud 2.45 GHz wazanuisaoiule

sveglnaunde 10 wes Yuld

mfmqﬁ' 2.1 Yszinnves RFID

UszLanAag §1UANE F28LN1987U
ARG 30 KHz &9 500 KHz, UBENTN 1 1S
(Low Frequency, LF) luAe 125 KHz
RAGEY 3 MHz £14 30 MHz, UOHM 2 19I5
(High Frequency, HF) hlUAe 13.56 MHz
Augatimy 300 MHz 713 960 MHz, | 3nAn 8 w3
(Ultra-High Frequency, UHF) | vlufie 433 MHz

[

MANN1IAIVANTEEENTU Avduegiuaudnlylunislynuvesssuy RFID lnysves
N391UTAI391UANANIUANNAIANTS  MNABINITITEENNTOUNENTU  @NTOLLIN
RFID  MEn&9ufinifinainngusnannkuaLmesvis oumaInd s uduuenuieaInnsiiu

PINANUIINAAUAND FILAUTANTLELN15ULALINTUDS 50 s YUl

2 o @ v =
2.3 msiungmnasulagldmalulag RFID
Tuwelwlagadelvuniludagtu  wiisluanummenuaulafenisiiwengnisleau

VDALMY WIRNAUARvLInYRIRUAMES bumaluladlsaneninslandsnuduargun s
a a ¢ = axa ! Yoo o o Ky ¥
ddnselinannmidu 9 BAwaulalumslmdsnunisidulunsiauesgunsalsay

' oA ay A a a o a < Y
2819n 8L 0dlng N lUEaNANNUTEAVIEAINIINANNINVDILUALAIDT ABNISLAUTIUTINNEIY
nannwnaexlaglydulnhngdniuluuiunnsfiusiusiunganu RF (RF energy
harvesting) Fsaadumadeniiflunisaendanuluivgunsadidnvseiinanlufiuumnnes
- ¥ Y ' Y am ¥ a A ¢ ¢
\Heannnistenuiuegnininesnalulaglyaevansiianrudagagars  (cellular),
A a a o S P aa & o Y] & Yoo
13, e, aadtey, wagdaa Wi-Fi Tuanimidias FBnsiuingmmdsnuiaunsalvndsny
lugnsmanunsashwhillussezenlunsussenalydwivgunsalsananneg  Teaanigly
AUA HF waz UHF MItunIsiiusiusiundsnuainmauaudivgniueinie lafmaaiiy

aulanansAneresssuunlsnadsual 1wu Wireless Body Networks (WBN), SguU

\wugeslsang (WSN), RFID, gunsaulafaenssunienisunme, uazgunsas 0T N9
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RF1 VDD
] S
SIC614D —— Capacitor
D% e
RF2 GND

5Ufl 2.2 TAssas19 RFID tag

nanuiemasulaelumalulad RFID lunszuaunisiiagle®y RFID Uselan HDX
d! IS i a Ql'd . ] Y U
mmamawmwLﬁ‘iswmmmmu’liﬂumiazauwawu NINNNUYBY RFID HDX  Uuagsu
o « ! ' o oA 2 ' oA v el' ¥
NHNUIINATBIBIUNDURAL ITABUAUBING ULLlBIATRI UMY AaNAT LA D Tngly
[ Vg %5 LY~ ' [ '
wasuilafvazauhludunuuszgduwmaandsnulunisneuauss wn RFID Uszian FDX
duaglufinsagaunasnu  lnensnevaussiuasiiniulusyrinunsoseuasdyaunauy

ANUdeY

FU RFID HDX 9zdifaiudszqiiogn1euenTudeausodeaundiuaInaauaudd
asuLE1NAlUgTY WeTiU RFID lasundssuniuaduaiud Juagvimuniiulasdygia
o X v = v 2 S0 <
paumaiidundsnulnninszuanss  uazdaivasauiduiulszy  Aanusilumsazan
wasuIuegiuAalinvenszuan®u RFID  awnsasulanasvunevesdaiulsyaiilvazey

NAIU

nsidentedU RFID Usean HDX iuaiuddglunsyuiunsiiuiieandesu fesann

finsavaunanuanaauaudlaeg1aiiusydnsam wazIgaanTsaade Nty
QQIJ ¥ aa o v v o o a
nsEUIUNSil msasisvuundenuiuadunsasaumdsnuduiadoddglunisida

Usgansnmnsunasnululelussuudusmely

2.4 %é,ﬂﬂ']'iﬁﬂx‘iﬂusllax‘iL‘UUL‘U@%‘%@ILL'i\‘iﬁUﬁSJﬂ’]EﬂUEﬂ\ﬁﬂﬂUﬁ
wumeseusuunidusiausznoudfyressuwesanadounsduaens U

SP400 annsadnanusueManglugaraweyauuulsangludiginaiunaravessogun

wugesANUsulnalulad MEMS galvanuuuudn anuadosas wasanuniulaveariy

ANV UYD UL ULY DT INAINUAUNTNANNTAADUT W lASULSIAUALDAAILN TN Y

FAADU LHUTAADUILNAANULATEAFINA LAAIAINUAUNIUYDIDAADUIINSIUADULUAY haY
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d‘ a d' & [ d‘ ! ¥ U aa Qsljd d‘ ¥ ) ¥
WBLAANILUABULUSIAIUAIUNIU LIIRUNNABLYIAUTAADUL zlasundasiune vinln

aunsatnesssuasulunvanduseiunsasuauinsevinla

sty wuesinANuAuii¥aNTind 100 89 1,400 kPa Faaseuagunisiuau

wssnuauesaulng

JUN 2.3 lassasnaveawuigesanuiuwuunnglysTainuuudineu

nsThurenTresariausing Tnglutudaneuune Wulnesunsudslnsediod
wsane mﬂéjwaﬁuaﬂmazLw\limzL‘Uﬁlaummgiwdwﬁ’ju%aﬂauuaz%uﬂmﬂﬁﬂﬁmm
puvnuiannUdsuas Gsenunsotalamenasdifnnsednd wuwesaudilaiuns
Ufuidsunassaegamgiuasnanszvuilildaay  elnanunsnouaniidedolauay
aiane  WwuwesmududeunerulilasreulnsaiaesuasimunuszuTsauaunsin
LarMIANYaYaATINY e inaudussansaaredygnanidenudu

WASULUAIRIULNUNANUUA FIAIUITOUTENTANAITURURENDT

wuweTinANiuUIIIeluLiiang PG-DSOSP-14-82 Filasunisesnuuulumumiu

maammnmaauﬁqmm bYU Qamgﬁ ANUTU NTEUATLTION LaENIINTTUNNEN
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2.5 mida%'agamuﬂﬁumm?i UHF

APEs RF Lﬂuéauﬁﬁq%aagamamqﬂuémmmﬁ UHF % 315 uag 434 MHz uay
5895UNTUBALEN FSK Uag ASK miﬁa%aagaﬂszﬂauﬁaa%u’ﬁlemﬁaag PLL wuuidwaIl N 3n
1-LAAR FALINSTRLUALULA FANSIUUULNIALTEY LaLAS U 8inEs LASDIaEN1NSadT1
mm?{wmzu,azmiua@Lammmﬁlmwzjﬂagaﬁ%éq Imaammﬁmummmﬁmaqmiéqsﬂauﬂaﬁ

INFUNT 2.1

a ad ¥ L
for center B ANUDNABINITAIVOYA
Fra AD AUNURIIATISE YA uanlslueas
= PPLINT Ap AN33amasdmSuUfNUAAINURT LI LAY

B PPLFRAC e AsFamasamsuiinuaauaidunadie

PLLFRAC
f RF_CENTER = fXTAL (PLLINT T)

nsas RF - gnnssaulpsuaundndusenands  waunsalunamiuananeiy gy
987 Maldsunlainnudi Asnsaadumsiedsula WseAdinieuen n1sas RF
anansavitlalulyuesnes wu Ivaeneilles vselrunsounsvineusl Juegiuaunenis

nslendanuuagdnnisaaveya

lUslnreavaaATesasdygi RF Aoyavassuluunivuaisfigunsad SP400 Heoans
[y al o Yo aa al o > =3
fuesessulagludayaaninuding Tslnreavenasesasdyaias RF Usenaumigusuiau

aoluil

® Carrier frequency AXBvBIAAULIMANIYTIUIMIVEYa aUnsal SPA00 @13156)
a9 N lug uAIND UHF 919 315 way 434 MHz 39ntud@1nsukaUnawasu
TPMS waUnaladusanansaiuisansmmnudniveialaeluguslewes Fractional-

N sigma-delta PLL quﬁaﬂl,ﬂ%aéqé’zgigm RF
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® Modulation NITUIUNTIURYULUAIAAN WULYDIATUNIVEALVBLATIDE A

gunsas SPA00 sassunsUsuaeaUssanAe MaUdsunud (FSK) uaznisiude

LeNNAYA (ASK) Msuegian FSK agidsuanuivesnaunvenudnveya Tuvaei

nsuegLan ASK azilfgunnuninavesnaunveauinveya Leundindugennuis

anunsadenUssinvnisueguantalaglydiunsavawuunluvdonia3asasdayay o

RF

ﬂ’?iﬁ?%ﬂﬂﬂ’]’]waNBQLaﬁLLUU FSK gnansamwinilaainaunis 2.2 uag 2.3

FSKuew PI® ANUALBA@A FSK AMDES

a

Y
& = a0

" FSKow P8 ANUDNDAEA FSK ANNAT

fr conter 1B ANUDNABINTAIVOYA

Fra AD AUNURITATISE Y aANanlglueas

" FDEV fle  33aweslun1smvuaniianaesEnINAungILas

ﬂ’J’lllal(ﬁlé’]
FSK = + FDEVM
HicH = fRF_CENTER 223 (2.2)
95
FSKiow = frr_cENTER — FDEV% (2.3)

ﬂ’]iﬁ’]‘lﬁﬂ@ﬂ’ﬂiﬁﬂ@@Lﬁﬁ]LL‘UU ASK ansnsamuanilaannaunis 2.4

"t

o A8 alumsiasuveyanaueLdunily

" T, donn A8 AWM WA WY N UTaTuge
" HLEVEL fie 53amasszaulssriuveyani
" | LEVEL fi® S3aL90352AULTIAUTDLARLEY

o a

Fa A9 AMUNURIAIETNdy 1Aty w9

g

" SLOPE fe FRawesmanutulunisiisuulaseya

" RATE_DIV fig S3aL91059n51N15a9084A

(HLEVEL-LLEVEL)

roup = fr.down T o (SLOPE+(RATE_DIV+1)/16) (24)
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e sUuuuveyn lATsasiuan1sdnssileuveveyaniazas aunsa SP400 lusiia
wuwanesiiowsalnveyadunssuaiaa FUATBITUANTANTITUUSY

[y o

neAsIdlABY19LANY sansamesfauUseiuseumvhaunaunaLag

[ [
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llasneulnsataes JU 2.4 asuansnsi3ouifisusuuuudnuurvesdyanunisue

raslugULuuizniag
Y Y

UM 2.4 sUwuuMsiusia RF

o Tyuanmsaseyn LauazALfveINIAweya gUNTAl SPA00 AuIadsvEYALL
Tran1an sﬁuaglﬁ’ummé{aqmiwé’ammmzé’mw%@yja woUndinduzonauITamITn
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0 Tvuanaiflosesuming:  gunsaidweysosmailiodutianadug @
Tnehluazuesnn 1 3undt usillndnrmoyauazarnnidedogean unds
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0 waifles  gUnsnlazaweyadusserlursnaniidua  Fdlaeihluazey
e 1 8 60 Aundt Tnunilldnsnisaseyauazanuundefiolused
Uunans usdsdudemdsnulussiuuunanme
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9 9

nsasveyanan1sinnwueTinusiualuveyaniansy avUsznaulume
SOM (Start of Memory) YVUNAILAAIRILALLIUAUYBIVEYE, Databit x ApYDYAY
ApanN1sasiudnusEnananasdmsuLanta ag EOM (End of Memory) ¥

MTLaAIALLIELAAYeYeYa lnsuansitaalugun 2.5

5U# 2.5 faognsnsas RF 590U SOM wag EOM
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2.6 $3UUNTTYIN9IUVBY TPMS (Tire presser monitoring system)

sguu TPMS  Wugunsaiinsavdeunnudueinian1gluensuesenuniugLasual

Woukdulleiiniswisuwlasiludasnsie svuu TPMS daeaussianfe MensauasnIseey

E‘Uﬁ 2.6 33UU TPMS Na153LaeN19904

szuu TPMS yensslueusesanuduiifafsognielusunaziay warvasdyyinill
Hmeufiuposaunasdotonanmaruusenndn  wugesariaauiuoinienuTivly
gnauazdiannsanstugamgiiuasaniusuunneivoneweesladnmy wumeTIzal
voyauuUlsanslufinenfinges  SeanunsouaniusinaveseausasauLeniuvieriunguf
o eeufiumosfsaunsnidiounduiifeatuanumsnaunaenmeadilalasnisuansuasis
Fountedudusdyananion ssuu TPMS mamssiinruusuguazideielnunnninszuy
Y9983 WARTTIAUIINTMAERBINMINTTIgEEnwnnIeuiy Sudurealdeueuses
Jusees uarsiduresiiusunsulvavieusuifoulvidofinismyu wWasy vioveuusuens

szuu TPMS soaulalalvieusesnnuduluens wingugesaruiaodaduaiy
nilwesszuuiusndosiunefeniny  wuwesAuIEIAe Iy INERTINI MUY ROLARYAD
uaziFeuiisuuaedu warauEImeseIuN LY AoNRIMDTANLIT0eYINLILALTYIS
YoIImSITIMILY warienesiinyudnniinalniufuauesiuly sy TPMS
magaululataausuoimanuaidduens uwnasdsznanilaedanveyannuiiinemity
uenniiluanansonnadunsilvaiivmieanunsaifissidseiiaveauAulumify
sUU TPMS NesiisnangnmikasnesnIsnIsinsaiastihssdneuesnnazuulaenss ue

Alauuuuswaziedelausenwuiy  9nalasunansgnuandadnisusn U a0
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ouu NsAnuseTete Az winvesens uenani autudssndunedidnszuumslinsen
gamemueilannsgnifiuay vy Wiy viogeuus
szuu TPMS videsUssaniidmnedendude Womeluadudsnuusstuauensd
wanzaufigaiiiernutasade mlszndndomds uazengmislrnuvesens Tnevilusediu
augafuuzihdmsusasumagssyluuaininesiivssgauduriolugiionslasy seuu
TPMS laltAmaununisthgeinmenutnd unduedesfiefifiusslosuilannsouaiou
piutiedymilondntule Auduasrrsaeulssuauesmeauedasinng uaziiuam
gavidouaseaNs1 ALY
AoulTNOUNANTBITZLL TPMS N19RASIAE:
® Lnuimas TPM mqmaﬁﬁmrﬁ’ﬁ@gﬁ INUNRIVBIITUINEILURBUFALAD LTS
Usenaumaasulasdyonisesu Tulnsreuinsaians Lﬁ%mmm?ﬁm
LATULIALAGS Fullasdrynnnsussauazulaussnuainialua gl
&rynyroelnin %amﬂﬁngnﬂixmmN@Imﬂiuiﬂm@u‘ﬁmaL@fa‘f LAYAINL
Lﬁﬁlmmmmﬁ%ﬂ wummEsanends T uTTes

o lyliiew TPM vuunanthilvizasegldtydnwniuanusesuanenusiazidu
TWiFauvzaanuanuaiansaniuganILANBIansating (ECU) 1evATasin

o

WpAUANEN  Teazfudyinannumesiazulananunang ECU 69

awnsnnnisdadauazlqgnimuetediiuszar ECU  daainnsndeansiu

sruvaw]  aesenunnueld  du sruuwanteaiudeden  sruuAIUAN
ANYTNIN UTAIZULIUINI

dlv o o Y o A

® A9 NANFUATU I URINTUIERT  LA1aINIAANNNTNIINKNTY ECU  viTa

Ansauansinanindusiazdald  wieniAsiaINsouTFiUITLLAW 289

¥ 1 al
?ﬂ&luﬁﬂ,@l s ??JUUQGQ_,ILL@?IMV]

dnutlsznaunanaasszuy TPMS neaau ten:
® [umaFIAANNITIRaNTUAUNTNIa9s LILILINTTaa AN RS
[~3 v [ % [ % U 1 % % I ] [~3 A a
AINNLTIRRAZIASRIINTIUNLBIBNRR UsazAa Ine I imumasudinAnviTena A
o rwsefazdesdynnellds ECU sruuwnilasiudeden anniuazds

Foyrynnulalds ECU TPMS
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® TPMS ECU BIATUINAUIARINTIRE AN TRy ARINNITIABLAY

WRauPauiUA1I81989 ECU TPMS 98413130 9NN139Na e LA mssULLie

o

JiUTANaN vyu WAy videdenuaneany TPMS ECU fsaunsndeansiu

FTULAW TRNTDEUSA LU FTULAILANIATIEININUTEIELLUNNY

4 1
]

o yifau TPM Uukaeutingde F9teinean1unisaiussuniviassuudadas tn

' ' |
I ] o o A

MaumaNFAaniy TPMS ECU @yardasnuidaruingnenauqndiidesiuulidann

1
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3.1 AMNTIUVBDITEUU

A15DONLUUTEUUATIIE@DULSIUaNlugIsasunlaglumalulad RFID  g1uAnuds

o U 3 = [ & ~ Ao w v =] ‘o LY
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HUUTNTIU Aanuanslugun 3.1 uay UM 3.2

Y

Wireless Wireless Tire Sensor
Tire Sensor
VDD
LF RF1 Rectifier |—» ChHV —
Reader S %7 arger
1 \
UHF Receiver LF = System controller B
Antenna ==
— Y
— _E
GND
LF y
Reader UHF j
Sensor .
RF2 transmitter OHE
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74

3.2 MIDRNUMUUNIATINAINIUULARUAIAANAAN

31
v

' @ i a4 iy ° ¥
N199RNBUUIEUUAINAINTIUUUAFUAIUOY azlylulasmeulnsuaeslunisasis

I0ANND Feazgnasiseaninluguuuuresdyyiuunin luntaslyanudi 134.2 kHz

(%

wmmﬁmﬂwgﬂaﬁﬂﬁ;ﬁu Dual High-Speed Power MOSFET Drivers: TC4428 9wy

e 2 2
=)

wnuendyaueoniiuassoms Ingrewaisnazitudygruund uazvemiafidedu

'
v a

= 44' Yo o Y o A = .
auiignauiienie (nvert) ielydmivasedyauniuaudlusuuuy Sine wave

2"

npaandsuddunedimdadiguielramnsoamdsulalne Tuniseenuuuszuy
' Y = o Y A o w o & "

meamdanudsdidunsdiinsdmiveeedyaiu Taenseenwuuiagly Dual N & P-

Channel Power Trench MOSFET: FDS8958A iushuenednyaa auiuandluguil 3.3, 3U

7 3.0 uaz gﬂ‘ﬁ 35
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N1509NLUVNITATEU RFID avUsenaume 1) lulasaoulnsaiaes vhuunidu
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3.3 N1598NLUUNRT RFID dmiufundsanuainaaualnud
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4.2.1  ANUANITOVBIRANUUTLY
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Tire Pressure Monitoring System Using
Low-Frequency RFID Energy Harvesting
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Ladkrabang, Bangkok Thailand
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Abstract— In this paper, we deploy the RFID technology for a
tire pressure monitoring system (TPMS). RFID has the
distinguishing feature for transmitting power wirelessly to a
TPMS device. This enables the TPMS system to work battery-less
and overcome the disadvantages associated with batteries. Our
proposed system receives power from a low-frequency 134.2 kHz
transmitter and stores it in a capacitor to enable the TPMS
transponder. This power can successfully operate and transmit
data from the sensor through the ultra-high-frequency 433 MHz
to a reader installed inside the vehicle. The experimental results
showed that it took only 34 seconds to charge the power when the
reader distance was 6 cm, and the speed was 100 km/h.

Keywords— TPMS, RFID, Energy Iarvesting, Pressure Sensor

1. INTRODUCTION

Tire Pressure Monitoring System (TPMS) plays a vital role
in automobile safety. Currently, TPMS is a compulsory device
that must be installed on vehicles. Therefore, developers have
invented many types of TPMS devices.

The first type of TPMS, which is a typical wircless tire
pressure sensor [1][2], has been widely utilized. It consists of a
sensing circuit and a UHF wireless data transmission circuit with
a battery inside, as shown in Fig.1. This TPMS is always active
to measure the pressure and transmits data (o the receiver at a
predetermined time. Since this TPMS uses a battery as the
primary power source, the advantage of the TPMS with battery
included type is that it can measure the pressure level inside the
tire anytime if the battery is cnergized. However, the
disadvantage is that it nceds to be replaced periodically since the

Wireless

Sensor
[ \ ‘
g —

Wireless Sensor

( Pressure and
8: Temperature
= Sensor
7 "
o/ \et/ l
UHF Antenna
Signal
TPMS Central Processing
Receiver Center

Fig. 1: A typical TPMS architecture
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lifetime depends on the device’s battery power. This also limits
the lifetime of the sensor.

The second type of TPMS, which is a TPMS with LF wake-
up [3][4], has been further developed. This device consists of a
sensing circuit, a wircless transmission circuit, and a wakc-up
circuit, which also has a battery in the TPMS, as shown in Fig.2.
It is designed to have a wake-up circuit and allows the device to
operate only when it is nceded. In this type of TPMS, an
additional wakeup device system must be attached to the reader.
The wake-up circuit can be triggered by a 125 kHz low-
frequency signal to activate the sensing circuit. With the help of
the wake-up mechanism, the battery life would live longer, but
it still nceds to rely on battery power.

In this paper, we present the TPMS system to reduce various
disadvantages of the old TPMS. RFID technology can harvest
cnergy from RF low frequency dircctly to replace battery power.
This technique allows the TPMS to work without having to
replace the device due to the drain on the battery and can work
all the time when energy is harvested. For measuring tire
pressure and temperature, it transmits ultra-high-frequency data
that can be transmitted over a distance. Therefore, it is suitable
for trucks with a long distance between wheels and the reader.

The rest of this paper is organized as follows: scction IT
demonstrates the architecture of our system and details the
hardware design. Next, the experimental results will be
explained in section III. Finally, a conclusion is provided in
scction I'V.
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Fig. 2: TPMS with LF wake-up interface
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III. RESULT AND ANALYSIS

The experiment consists of a wireless tire sensor, an LF
reader, and a UHF receiver. Firstly, the LF reader generates
power for the wireless sensor and transmits a signal in the 134.2
kHz radio frequency band. Afier that, the sensor measures air
pressure and temperature inside the tire and transmits data via
UHF frequency to a receiver installed in the vehicle. Finally, the
measurement data is displayed on the monitor.

In this work, a capacitor with a capacity of 300 pF is
specified, which is sufficient for the operation of the sensor and
transmitting measurement results to the monitor on the central
receiver. The following experimental results show a variety of
energy harvesting efficiencies. The parameters are as follows: 1)
distance between sensor and LF reader, 2) the vehicle's speed in
different movement levels [rom stationary.

A. When the sensor is not rotated

According to the experimental results under the condition
that the wheel is not rotated and the LF rcader is installed at the
best position to receive energy. A comparison of the energy
harvesting time with the distance between the wireless sensor &
LF reader installed at different locations by setting a voltage of
3V is obscrved, as shown in Fig.7 . From the cxperimental

6cm Tem Sem
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I /2

i Ref
° Point

0 5 10 15 20 25 30 35 40 45 50
TIME (SEC)

Tig. 7: Energy harvesting efficiency while the sensor is not rotated
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Iiig. 8: Sensor rotating at a speed of 20 km/h
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results, and it can be seen that if the LF reader is installed close
to the sensor, it takes a shorter time to harvest energy. In
contrast, it takes a longer time to harvest energy when the LF
reader is installed at a further location. However, the installation
distance between the LF reader and the sensor slightly affects
the energy harvest time.

B. When the sensor is rotated

This cxperiment was to mecasure the energy harvesting
efficiency of the wireless sensor that moved in a circular motion
according to the rotational characteristics of the wheels. The
experiments were conducted at different speed rates of 20, 60,
and 100 km/h respectively. These are the normal speed at which
a vehicle is moving. The mounting distances of the LF reader.
It is in accordance with the power transmission cfficiency of the
reader at 6, 7, and 8 cm, as demonstrated in Fig.8 to Fig.10. As
the wheel rotation speed increases, the sensor's energy
harvesting time increases slightly. However, when we compare
the experiment with a stationary sensor in Fig.7, there is a
significant difference in the energy harvesting times. Moreover,
when the distance of the LF reader installation is analyzed, the
distance also affccts cnergy harvesting cfficiency significantly.

Ref.
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Fig. 9: Sensor rotating at a speed of 60 km/h
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Fig. 10: Sensor rotating at a speed of 100 km/h



TABLE L ENERGY HARVESTING EFFICIENCY COMPARISON SUMMARY
LF Reader Wheel Rotation Energy Harvest
Installation Distance Speed Time
(cm) (km/h) (S)
0 3
20 24
6
60 28
100 34
0 5
20 36
7
60 44
100 46
0 7
20 56
8
60 60
100 64

1V. CONCILUSION

In this paper, the TPMS system with low-frequency RFID
energy harvesting is presented. From the experimental results, it
can be concluded that our system can successfully measure the
tire pressure without any battery needed. However, the LF
reader's mounting location affects the sensor's performance. A
closer location makes the harvested energy faster, which allows

60

measurement results to be also displayed faster. In addition,
when comparing system performance with sensors moving at
different speeds, we found that the energy harvesting time is
slightly different when the vehicle moves at a higher speed. A
summary of the comparative experiments is shown in Table I.
Typically, the charging time of 64 seconds at a 100 km/h speed
is sufficicnt for usc in real applications.
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