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VEHICLES IDENTIFICATION/RADIO FREQUENCY IDENTIFICATION/

WIRELESS SENSOR NETWORKS/ARTIFICIAL NEURAL NETWORKS

This research proposes the vehicles identification system based on RFID and
wireless sensor network technologies for vehicles identification. We have developed a
smart node that has RFID reader and networking abilities. RFID tags are affixed to
vehicle windscreens. When the tags are read, vehicles identity is entered into a RFID
reader. Once the reader has received the identity, the reader will report the vehicle
arrival or departure data to the control center via the ZigBee wireless networks. The
experiment results demonstrate that the proposed system is feasible. All functions of
the system including information collection, wireless transmission and real-time
vehicles identification are realized.Furthermore, this research also proposes fault
detection in smart node based on back-propagation neural networks. Three neural
networks are built one for fault detection of RFID, one for fault detection of
microcontroller and a third for fault detection ofZigBee device. If the fault of smart

node occurs, the algorithm can detect the fault devices and report it rapidly.
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INAVUITLTULTILULKAN (INLATOIDIU) wuﬂuﬂaﬂuuﬂm"lﬂmmam (Time-Varying

I d

. o < s A 4 J ] 1 [
Magnetic Field) TWHIUAYDINAVDIUNDE Lﬁﬂllﬂﬂﬁllamﬂ%@ﬂ’fﬂu%\iﬂQ‘Vi"l\iﬂucluigfJ$ 0.16

1 A Hq 9 oA a X ' .
MIUDIANNYIVOIAAUNINZ N 1% Liﬂﬂﬂi"lﬂj‘]ﬂ”lﬁmﬂlﬂﬂslluﬂ”l Transformer-Type Coupling

a

& I o =} 1] a 1Y) Y ~ ° é’ [
mrﬂuﬂi1ﬂgm'imgmmﬂmﬂmmﬂmwmu”lwwwmumummzmnwamﬂgmu

G

. a Aa 4 4 =K dy
(Primary) LALYADIANABNY (Secondary) lunsuaesivos (Transformer) ‘NL‘]JHN%?W‘L@TH

) [ a A A dy 19 <3 4
E'T'n’i31Jf’)‘ﬁ‘]J18ﬂallﬂ‘VlLﬂﬂmuiuﬂ’]ﬁﬁﬂm@gﬁﬂl@%!ﬂﬂﬁ
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22,6  HANMINOUYDIIZUY RFID

i a I~ 1 1 <
aauIngiludiuilsznovvesauin Ivih (Electronic Field) tagauiumaiman

=

Y Y
(Magnetic Field) %QLWH%WQIITJWFW]'Nﬁ}ﬂﬂﬂullﬁﬂﬁﬁ@ﬂﬁu’lwﬂgﬁ'luuﬂﬁﬂ'lﬂﬂu (Outhogonal)
A g 9 a Y] 3 I A Ak Y
[AUD IﬂﬂﬂaULlﬂJ!T‘iaﬂqWWWﬁWNWiﬂlﬂuﬂW\iﬂ'JEJﬂ'J’uJL'i'J 299,792,458 LﬂJ@liﬁ@?uTﬂcﬁ\iﬁlﬂﬁmﬂ\‘]

[ < { a a =
AUANIGILED 1 300,000 1 Taas AU

:

{ 4 ! 1 <
319 2.5 mandeuivosaumimanuaz a1 i [hitp:/www.xsense.co.th]

A A

aauautidvesnauuiman lihivhaula

1o o Y Ao A ~
. “lmuﬂumqumﬂmﬂumsmaau‘ﬂ

=1 Y

4 | J 2 Ay :
o ansolasundasmemnasaunnivilligannniiela
1 A A (%
. awnsngnilasseenuiazqanauld lnsaasvioingla
~ wa Y o dy Y
o fnaauialumsunsndea aziou vinm uazi@onuu 1@
o d‘ a 1 49’ = [ ) asy A
TumsihaauInginlslulumsued aglivanmssiieau 2 33msao
1. RFID Mauseranmsimileniinduing (Inductive Coupling)
2. RFID ﬁNWHﬁJ’JEJTiﬁ’ﬂﬂﬁLLWi'ﬂiz%mﬂaua‘nq (Propagation Coupling)

v [ o

2 a o A v ¥ g o~
‘VI\?ﬂ"ENLL‘U‘UiJﬂﬁﬂNWHﬂ!mﬂﬁNﬂuﬂﬂ‘H aﬂmmiumamamwmzumm

Q

Y
A v A

UANANNAUAY T19ALIDEAVDAAALITATHAI
1. RFID M191usevanmsmilentiinauing (Inductive Coupling)
< A, { [ { o 1 1 'o {
Wudsmsnlgniulu RFD Ahauluduanuddazanudge douluds
[ A a 4 A ] <3 9 v @
nanmMsvesnauIng laenguersnad (Faraday’s Law) o aunuusimian IWihdanuaaaie
9 Y ) )
vz ldinanszualdihvuluvaaiaiiy Tasnann1sued REID 1191A599911 (Reader)

1) v A a ~ a3 ' A a A
ADINITAUNT UNDE Eluﬂil’)mﬂﬂiﬂﬂﬂi]llﬂﬁﬂ%’f\iﬂi$%"I‘EJﬂﬁll’J“l/]Q@@ﬂ"lﬂclunﬂﬂﬁnﬂﬂ%ma%
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A A A o IA (] < Y v o A o 9 A g <3 I3 a
wenauIngrenaeaumiman ihdanuvaaranimihiidlumeeimaves unndnazing
9 o 9 X VA o v ¥ aw =2 Y A 2
aszua liazusagu Wihauuaiio 191 seauve s Id U U Toeu1n 9009021907191
= 9 o = [ I =\ @ v A
usanuaelsznoudle laleasuiruniinlszneunuiuiseinigaus s uauszauniges
7 3 do Y] 1 1 o o 3 o= ' ' °
luTas Tsmaes Tunnndshauld nazemuanlseharvewunnddunveg luniitennus
=~ 9 ~ 1 @ =< a 9 < 4 [ 1 9 [ [ A [ 9
VuAseUNIouNITAINAY ¥ 9399 udmnnd lddrmisodedoyanau lldunseseiula
[ ] @ A 4 [~ 4
Taoasa uan1saanauaz 1935015 Load Modulation Tae luTas Tisisayasvuunnday
A v o a3 [ 4 1 [ @ < [ ]
UszngaaniveaiuIvaaldnuniosewdwazdassdygranilusiniza doyaluuaay
a 1 o w < 4 a ) 9 o A 1 3 =\
Uav09A152 100NN IUATUNN TA FIAUT180INIAAIUTUVDUATOI0 UL
o ] ~ Y o dy ] Y ) = v 9
masudygrauiazdounduil ldiuninneasiddeyaoonu (Demodulate) ¥9925U3

A 9 o X 3 ax A A ' . .
UYL UUD Lmﬂﬁulﬂ TasmarinswauaztuIsnsnisen Amplitude Modulation

: .| [ f i fl 1 |
S 1) ||!!|| . !I;',' i
| '.l | i‘ "I Illll il II.| =I I‘ [ | f i ft ||: |r! |rl | || : | II. . '_I I ‘ | Ii {I. I-ll ﬁl
|'._|' Iy I'|" N I
! .I.

—]

|:'_

|||I |I |
(I | V| Y
1 (1Y

RARITY L1}
|!| II !.Illu | i

L | It || |

g L A

1{0]1|0 0|1 |01 0|1 |0 01

%

319 2.6 d10E1

[

W Amplitude modulation [http://www.xsense.co.th]

Reader T

LI

CHIP ‘ TAG

1 a 1 @ 1 4 1 < J
311 2.7 MsfadonuIznNUATEIB IMIAZUANG [hitp://www.xsense.co.th]
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W i

7N — VDD
[ ©

(2 []

p| 1/ 2.8 A20819U992995 Voltage Doubler [http://www.xsense.co.th]

2. RFID ﬁmuﬁaw’ci"ﬂﬂmmi'ﬂimwsqﬁu?wq (Propagation Coupling)
an Aq Yo A o ' = A = v g '
Amanldnulu RFID Mvhauludiunnudgess (UHF) sgienindunnuns
52918 (Propagation Coupling) 1A81A5098 1Lz dINa191U TugnAaUINY (Electromagnetic
. o Y A A <3 ) Yo o ] <3 4] o Y
Field) ponu1 v liiedlounnd lasudaanariuaooins unndnezinaulasmsagiou
1Y 4 { [ . < 1 @ o w o @ 4 J .
nauaaun lasy Favzilua ID iesWaseddanan1dunT 09011 (Back Scattering)
Y Y v v
Taedsmsis 1dansesu Idszes Tnau1n¥un 114w Inductive Coupling a4 Taena 1ozl

9 Y : 9
TLYSAILA 2 5\1 10 U3 ﬁuagﬂ‘uﬁwmm mummmm’%mmuuuq

% | ’ |
I"._‘;I_.-" M“ﬂ“ | Pl
- ‘!“P"ﬁf-r mixer . [ A-to-D converter
LAY N A LN N/ | 101010..
r_/_’ e, l/ l A | e L/- i
band
[ select
M' " t‘- Ny ﬁtﬂr |. I
| ——— T Al
| " i \ .'-._‘ .-"r \
.4'... t"rl" 2 “i'. .n.‘ v LY
,lﬂtl lﬁ'.g Antenna
F" ‘ l 1 r I

(3 ]

719 2.9 A1981971A5VVDY RFID [http://www.xsense.co.th]

U
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J d‘ \
aulsznovveansose Iy

e

d‘ 1 ISP v v A
1AT9901U RFID a2aulsznounanasil

U] a a 1 1 @ 1 o A x I
- MATIFYYIUING INAINTIUAN ALANANUHANIIND %Q@W%%&ﬂu

e

a a 14 A a 14 < A A Yy
AsANDA 0OATAIANDS 1302993 LC podTaramos 2asiladengl iearuguaud 14l
4 '

ANUNUENNTY MAYIETIAY (Power Amplifier) dmSuduiaieen liin aee1mea
o [ a I 1 A o [ A Y [ A a
- mafudyyruing ifudiuiudygraiazioundunanuingain
[ 9
M801MA F99zlndoyataz dyqIunImnauu
an [ ~ 9 v W I [ ~ ]
- malszunanaddnea dyanui ldannasudsnailudyaan iawse
il 14 1ddeesrumsisznananie eAanses uendoyaiaoanisiii 'l 1dae 1
a o @ AN VY ' Yy 9 9
- maaanuMeuen e ladeyannaivuilszuiana udrvoyarzdos

'
J aan A

nasoon lidimeusnniodnuzihdoya 114 Feelidtmsisonaesenlinae q uuuy

Qﬁ e

[

Junuvuravelasanisn RFID T 14Tugsne msiFeuaoais 9 19u RS-232 USB

3’, (<21 [ ] [ 4 1
Ethernet CAN bus #30119A5INA0IT 1@ UMAAIT0YADE 19T 90 LCD 1AT 098 1MLV 000

[
1 1

A A A < <3 ' Yy o a s A o
(Hand Held) Tun3difiaon 11 RS-232 W38 USB Nazilunisaoasuinnuaesuiiaes N
Y A d 9 v I 9 A ] Ty A 1 1
wihinudoyauazianuaigiudeyaieilszuana s18a1uae 1)) uadureuaer 1y Ethernet
<3| o J Wi a a J a
wilumsi l1Fluszvuauvualvg wu lulswusdadu vie gudnszatedud

AN 9

A 1 gy ’
23 senelSme Zigbee
I . { @ 2 1 '
Zigbee 10 maTuTagmisdomsnuu lFaengniannau 1digaauniunaTulad
Y A 1 A ° Y o Y = a 3’/ Y 9
Faeuuvou q nanfe 11 lendsauides Tsennsaanas 1318w agannsaad
A Y =2 Y ) v 4 F] o 1 o
150919 18 Funwizdumsldaudnuswses 13ae asrsaenduniavesiag uag
Y = . @ Y Y A
asnaeudnImaden Tasansaudaimsnfisuiion Zigbee fu maTulad 1Faenuudu

9 Tudman q 18 asa15199 2.1 wag 319 2.10
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M3199 2.1 uaasmsfFeumeuma Tulad 13 eelhttps:/sites.google.com/site/322462

wirelesspan]
Zigbee Wi-Fi Bluetooth
Standard
802.15.4 802.11b 802.15.1
Transmission Range (meters) 100 - 1,500 1-100 1-10
Network Size (nodes) 64,000 32 7
Monitoring & Cable
Application Web, Email, Video
Control Replacement
Throughput (kb/s) 20 - 250 11,000 720

ZigBee ST

SHORT < RANGE > LONG

LOW < ACTUAL THROUGHPUT > HIGH

511 2.10 U515 19 Throughput ¥owNAsFIUMI TR ¥ aonnuaIg 9

[https://sites.google.com/site/322462wirelesspan]

23.1  AuanliAved Zigbee
1.8A51n15@9903@ 250 kbps (2.4 GHz) 40 kbps (915 MHz) 1a¥ 20 kbps
(868 MHz)
2. High throughput (18 low latency Duty Cycle Gh (<0.1%)
3.5n15:919 9 Channel 4t U U Channel Access using Carrier Sense Multiple
Access with Collision Avoidance (CSMA - CA)
4. @M13035095U Address 19014 64 bit IEEE address (65,535 network)

5. 5U152NUMIAVY Full hand shaked protocol
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6. 1¥OUAD Topology I@manenu 1y Star Peer-to-peer 130 Mesh
7. 1dwdsnud (@nsald ldvaradeuaunil)
Y
8. 528ZNIMIAINUTIU 5-500 LUAT
232 awlszneuved Zigbee
. ] I~ 1 A
Zigbee ug0omilu 3 iU Ao
. . o F) A ) ] o 1 I~
1. Zigbee Coordinator ntai1alassvie 3ams Ivualulaseie uaziny
v1a15ved Ivualulasavie
. o Y d‘ [Y] 9) 9 d' 1 ] 1
2. Zigbee Router 11 11N7an3tduN19v0 v yandamiiunielulnsvie
32N TMUA
I 1 ] 1
3. Zigbee End Device 11 ugalatovosInseairunsovis ogludiuveq
v < v 2
Al Tageansmilu 1dne uuy RFD ez FFD

[

Faaudsznounie o ved Zigbee latansld dezui 2.11

u

O

~
ﬁ/

[ Zigbee Coordinator
@ Zigbee Router

%
3

% Zigbee End Device

A @ 1 9 A 1 s .,
gﬂ‘ﬂ 2.11 Gl'JfJElNﬂﬁf;’fﬁ\HﬂifJ"lﬂEJéUfN’q‘ﬂﬂﬁﬂ! Zigbee

233 Insaa319ves Zigbee
Zigbee 9NODNLUUNUANIL ludruves Application layer Application support
9
layertt @ & Networklayert 11 1 Huual ﬂg)’)MAClayerLl, @ ¢ Physicallayerdt 14 416 531U IEEE

802.15.4 99913199 2.2
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M13197 2.2 Tagaa3a Zigbee

Application layer ZDO
Zigbee define Application support sub-layer
Network layer
MAC layer
IEEE 802.15.4
Physical layer

TagTnsaad19v09 Zigbee 3201 layer 619 9) Sl

1. Application Layer 13 u GI% U ‘ﬁ Ua1uve Endpoint ® §J: (59071 Application
Framework 1a3) Zigbee Device Object (ZDO) i@ Tun1ssanis lunsidhdanas 19
Application Layer

2. Application Support Sub-Layer ﬁmﬁﬁﬁ“lu Msai1unsuves Application
Layer uagiimihfilumssy - dedoya 3aus mssanisdiuea o fiferfeasy Application
Layer

3. Network Layer 11417111015 Routing Toyaa14 9 vindunialda

Uareneiievegnielunsedieifedny Wiea1uns o ey

2.4  aueInaiand (Embedded system)

aupenadedi Aeszuulszurana n1¥5UWI0 lulas Instsaisos NoonUuLU

I~ a 2 { 4 4 1
Taotawiz 1fuszunasuiuasfuuiaiide 13 ugynsal 1n3ee14 Wil uazinsovau

ad a S d' A 9Y v 4 1 g’; 1 o P ]
BIANNTOUNAA I tHOUANNRAIA ANUAINTD TRNUQUnTBlMA U I USR WAL BIA 1

A A a W Y o 9 o 1 1
nnszuvlszurarnaiinsesnoniauneina 1 szuudsargminldiuediauninately
. o o a d a
srumiuy 1930419 i luthunerdningu gunsaisiannseting maluTlataendua
A P A A 2 ad Ay A A A
maTuTagasauds malulagmsovemianin malulagaiunsaeais malulasinisana
1 [ o 1 v A { dy I 1 [
HAZYBAAUAN 9 A1NTLVVAIABRAN MINTEUUTRuTEUUsEIanawReINUTLUY
a 4 [ dy @ o"d’ ~ ] ] d' a 14 Iy
aouuaes uanszuutzdidiasluginsaion a4 7 hilmasesneuniauaes Tudapriuszuy
F

auoanadedrlaumswavininiy Tasluszuvavsinadadieisazilsznav lidqe

P o o A v A J o
lulasaeuInsames nie lulasldswmaes ginsainldszuuauosnadsdriiiuldsa

[ [ SA A v v A 1 a oA 1 [ [ =
wu Tnsawnilone uazluszuvavesnadeidsiims ldszuulfiamsaisquanaranuladn

) Y
A28 Aaiy szuuauesnadidaetnazrha lanwaniugurasa lvu Ut sl ueweana
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241 szuvliiamsamdvaneanadsdi
o o a oa < @
TumsanszuvanesnadiirensziimgIFszvuljiamstuunuvanlu
o A = U o I ¥ Aa oA o o v A
msiau wie luimslFlumsimunld ssuvdfiamsdmsuszsuvauesnadaalinate
gll v = a va A Ids! 1 .
UszinnuInasua RTOS , ucoS- au ldsszuud§iansnlivuralvayuni 19u Linux
. ., 9 £y
Window CE Android 1JJuau
242 muildlumsiWannvesszuvanesnadadm
lutlagiuiinieTdsunsuarequinueldlumsiauissuuaussnadeda
U ATB1 Assembly 1181 C ,C++ n3emmszavgengmimnldlumsiamszuuanenads
v Aa a oA ] A 9 = 9
Ylszuul AT 15U C# VB.NET JAVA 130 Python Tagdldamnsadonldnimluns
Wannszuuavesnadeda lamuanumunzay
A o oy a a J
243 uandhvesanesnadaianlFldIneniinug
a A sy va v v Y o s A ¢
Tuanertinustlalinisldszuuduosnadidinienu 2 uoia Ao Voia
J a o J
luTasnouInsames uaszna AVR U99USHN Atmel 11a2 V0TA ARM9 SAMSUNG S3C2440
v 9
Y93 FriendlyARM @ainaiauiianail
d d A v
voialulnsneulnsamesluaszna AVR Y0UIHN Atmel
P s A o 2 A Y}
veialulasnouInsaaeslunszna AVR ¥0UT N Atmel Hidonld
4 o 14
luTnsnouInsaansiues ATmega64 ¥30 ATmegal28 Y11 64 Pin 18 lUVD5A ET-BASE
{ @ @ 4 I
AVR ATmega64/128 Miaonldazidunslgaunineinsvesda lulnsnouInsamesiouilu
o X a 1 o v A v & s s
Wan ¥99zinsaeudynIa /0 panu1iaiied1iiilunesa PA PB PC PD PE PF azWo3d
A 1 9 9 3’; 4 ) @ 4 ,dyw =
ET-CLCD 1o aAInaon13 149311 nyeunineiad1miua1u lvaa lsunsy uonainigal
s s \ 7 '
2995 lasvlnes RS-232 1h lufenive 1enunsaldnumedunesaeynsu Rs-232 ladeuas
4 2
ALAINTIVY
o 4 J A
AuautinvesvosalulasaouInsaans ATmega Ao

A

1%1uTnsaeuInsaaninszna AVR 1UOS ATmega64 1130 ATmegal28

o a

ve4 Atmel iy luTasnouTnsamesviia 8-Bit Tnsdenlfundeduiiadygyiamuiin
WD XTAL AMA 16 MHz Segaiauiinmy q vedluTasaeu Tnsamed 1dun

- UM 1UI9AIUI Flash 115 U1veu 11U5unsu 64 KBytes @115 1 ATmega64
W30 128K Bytes GRAVCERT) ATmegal28 118zl RAM 4 KBytes

- finiaeAUT190ya01251UU EEPROM 9118 2K Bytes #1151 ATmega64
W39 4 K Byte A11151) ATmegal 28 33anunsnavuazdous1dn 100,000 adq

- $1U9U /O gagad 53 /O Pins
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~f129958015 SPI $1191 1 ¥4 Inter-Integrated Circuit (12C) $14W 1 $04
Programmable Serial USARTs 91474 2 %04

-3 ADC Y119 10-Bit 31424 8 ¥04

- § Timers/Counters 8-Bit 914U 2 ¥89 Timers/Counters 16-Bit 914U 2 109
8-Bit PWM 2 %04 Watchdog Timer Real Time Counter

+ /O PORT 10 PIN $11491 6 PORT #4% PA PB PC PD PE PF

« wosa 1SP LOAD dwisuTisunsululasaeouInsaaes (doald3uiy ET-
AVR ISP oo Tsunsu ISP aufifinmssai sendayanaumilonsin)

- 1993 Line Driver 115 UN05aToa1501n31 RS232 $112% 2 $04 Tag
iFoumorudayaa PE0 (RXDO) iaz PEL (TXDO) $1149% 1 F83 daufiidedn 1 $o1 vzaeiy
daya1au PD2 (RXD1) uag PD3 (TXD1) tite 1R 19 unsodenaaesmsanaedons Rs232

- 2995150 UAB 01 AAINA LCD 1111 Character (ET-CLCD) n¥o1 VR 151
AMMEI9W0d LCD Ha1m31Foudo19931i0 LCD 1111 4 Bit Interface

79973 Voltage Regulator ¥ 19 +5V /1A #1915 lFa 1w uunasane
idearesIiiusenaara LCD wazgnsal 1O A fldfunndesieunnaving +5v
W¥ou LED 1aaianiue

* UU1A PCB Size 8 X 6 cm

¢ ¢ o 4
TaseadravesvesalulnsneuInsamoinaasaagili 2.12 nazlisrwaziden

Y
A o A

YDILDI ANUAAIATUHINLAVTA I
A J J A
cvinteoiay 170 lulasaeuInsaianilues ATmega64 130 ATmegal28
2 I P
Fuilululas noulnsamesaszna AVR 910 ATMEL
HU181a U200 SwitchRESET1 ¥ 1% 5 U Resetn 15 N 191U U 0 9
4
TulasaeuInsamos
- HUN8LaY 3 AD Crystal A1 16 MHz
A o Y o [ o U 1 9
« WINBIAY 4 Ao A uMUdmTulTuamaNuaIe 1 LCD
« ¥1181@% 5 Av PORTC Uuu1A 8 Bit Av PCO-PC7
A 4 9 o [ 4 . Y v
«HU1U1aY 6 A0 WOSA ISP LOAD l¥d115ua121 1vaa Hex File 1901
I'4
luTns pouInsamos
* ¥1181aY 7 D WasA ET-CLCD a5 uideuaeny LCD %iia Character Type
& q9 A ' .
aal¥ns¥euaouUY 4 Bit

« Y1181 8 Av PORTD 19119 § Bit Ao PDO-PD7



« Y1181 9 Ao PORTB Uvu1a 8 Bit Av PB0-PB7

« ¥1N8aY 10 A PORTE 39110 8 Bit A0 PEO-PE7

« ¥1neav 11 v PORTF Uvu1A 8 Bit v PFO-PE7

« M1N8aY 12 Av PORTA 19119 8 Bit A0 PAO-PA7

A . ) o 9 o
s UULAY 13 1O 14 A9 UIND RS232 mmﬂmmm"lﬂ

« MUNEaY 15 Av LED Power 19enSutaasan1uzyoaumadnis il +5vbDe

9 Y
o o o @ 4
* HUELY 16 ﬁf] "U'Jﬁ@lﬂfia\i%']Elhlv\lﬁ'lﬁﬁlllaﬂq3\1%5"119\1Uﬂ5ﬂ
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@

®

Ig_&—_]
L'0

c
e
| |

p
— -

® o=
I

—1
N @)

R

R5232—1

RSZZJZ—

:I

B =R <
PWR 3 ]
o
C
5
g 11
<
K 7-12VDC

W

QD )
]
PFO~PF7 PAO-PA7
= RXDO=PED ﬂ
= R P o D o] |T™XDo=PE1] |
;,qxoo = —- =|[rRxD1=PD2d gy I
cl-) TXD1 =PD3 > ?
n
d . m g
4 ~J
s s | > >
(= )
ETT 23
wWww. etlLco.
>
D |3 F
S 0O
5 3
@ > 9
7 [ok] 4 )= 5
o) N
g @ 7 [22122] ¢ o 3
m =
o
O (3) > 10K
PDO—PD7 16MHz = ET—CLCD

©)

S

g1 2.12 TnssadvesaluTnsnouInsames ATmega64/128 [www.ett.co.th]

U235A ARM9 SAMSUNG S3C2440 U84 FriendlyARM

V95A ARM9 SAMSUNG S3C2440 U4 FriendlyARM 1iutlsgnouaieginsal

Y
I/O 11ag Peripheral 9119 € uazﬁwﬁmmmmwammﬂ 7 U 1YY TFT (Resistive Touch Screen)

é IS) v o dy
FAUAUAUITAAIL
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- vitheszananaildfe Samsung S3C2440 ARMO20T core 400Mhz clocked

at up to 533MHz

=\ [}

*« U UI8AU Flash g3ga 1 GB NAND Flash (a2 2MB NOR Flash
- fimiaeausveyanny EEPROM ¥11a 256 Byte

- 1 RAM 64 MB 11111 SDRAM 32 bit Bus

- inesadomsounsy RS232 $113U 3 Foq

- Tinesadted 13Uy USB $117U 4 Toq

 Ssvuuuanawaiiuee LCD ¥11a 7 12 1D TFT

« 52u11§1iRAN37150950A0 Linux-2.6 1182 Windows CE 5.0/6.0

* YUIA 180 x 130 Haamag

Tnseadavesuesa ARM9 SAMSUNG $3C2440 uaasluzilii 2.13 uazuesa

ARM9 iijoAnaveiaaina LCD via 7 41 Tugili 2.14

TUSB SLAVE

USBHOST

Eternet(100M)

NOR NAND:Option SW—t=\ ol

180mm RS5232 RS232 CONG:GPIO CON4:CMOS CAMERA

1 30mmn

(CONT:SD CARD

LCD:LCD

BESET

CONg:Extended

CONS:SB RTC Bits PWM Buzzer W1,W2:AD Resistor L1-Kéa:Bins

511 2.13 Taseafuveuoin ARM9 SAMSUNG S3C2440 [http://www.thaieasyelec.com]
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m[EF i @G

)

FriendlyARM

319 2.14 vouaasna LCD vu1a 7 1 111 TFT [http:/www.thaieasyelec.com]

A T =
2.5 inseedszannien (Neural Network)
1 A o I
1S ev1815z @i ey 130 Artificial Neural Network (817108 #3182, 2552) 131
A ' A 9 ° A @ A aaa
inevIenNgunyTaseasiuazmsmanuyeanslssuianamiounuaneveIaNFIn
=2 [ = (g 1 a A Y .
U315 Vasud199A0N1TNBVAUBIUDIDUNAAINNNYBINITF8UJ (Learning Rule)
A 1 =1 9 o a 9 o o 4
insentelszamiion ldgniianaaduninmshauvesauowybd Tasauouybolsznou
1 $ 1 J o 4 J
Tdeninelszunananiieninasadlseam (Neuron) S1urmsadlszamluauoanyyd
A 11 A A " o ' = ' P s &
vogiszuim 10" nazlimsi¥ouaenued 19NNl WaINITana1d landuesuybaiiv
a S A v W R 1 g a Y . o
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Tag ID: Test 05 - Information: Tag for Test 5
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Station 1
| TaglD Time: =
301172554 15:33:25
Test 02 30/11/2554 15:33:33
Test 02 30/11/2554 15:33.34
Test 02 30/11/2554 15:33:35
Test 03 30/11/2554 154112
Test 03 30/11/2554 15:43.01
Test 03 30/11/2554 15:43:02
Test 04 30/11/2554 15:55:58 3
Test 04 30/11/2554 15:-56:00
Test 04 30/11/2554 15:56.01
Test 14 3071172554 161150
Test 04 30/11/2554 16:11:52
Test 04 T anissa e
Test 04 T lazssatennss
Test 04 | 30/11/2554 16:11:57
Test 05 RE R 1
Test 05 | | 30/11/2558 16:12.08
Teat 01 30/11/2554 16:37.02 |
. T—— ] ¢
517 3.29 Yoyavesdniin 1
Station 2
" TagiD Tane
. TR s
Test 02 |30/11/2554 15:34:51
[ Temt2 T |3012554 153852
Test 03 30/11/2554 15:44.44
Test 03 30/11/2558 15:44:46
Test 03 30/11/2554 15:44:48
Test 03 |30/11/2554 15:44.48
Test 04 30/11/2554 15.58.54
Test 04 3041172554 15:58.55
Test 05 304112554 161741
Test 05 30/11/2558 16:17:43
Test 01 |30/11/2554 16:38:48
Test 01 |30/11/2554 16:38:51
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Station 3

TaglD Tine
3 30/11/3097 15:38:39
Test 02 3051173097 15:38:40
Tes 02 301173097 15:38:42
Test 03 30/11/3097 15:48:35
Test 03 301173087 15:48:36
Test 04 30/11/3097 16:03:35
Test 04 301173087 16:03:36
Test 04 /1172057 16:03:37
Test 04 30/11/3097 16:03:39
Test 04 301173087 16:03:40
Test 05 :0/11/2057 16:28:29
Test 05 30/11/3097 16:28:30
Test 05 30113087 16:28:33
Test 01 30/11/2097 16:46:13
Test 01 301173087 16:46:14
Test 01 30/11/3097 16:46:16
Test 01 301173057 16:46:17
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Test 02 15:33:35 15:34:52 15:38:42

Test 03 15:43:02 15:44:49 15:48:36

Test 04 15:56:01 15:58:55 16:03:40

Test 05 16:12:08 16:17:43 16:28:33

Test 01 16:37:05 16:38:51 16:46:17
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Times
Station 1 Station 2 Station 3

11/4/2555 16:06:117 117472555 16:02:49 )  11/4/2555 15:59:43
11/4/2555 15:45:43 11/4/2555 15:49:04 ) 11/4/2555 14:43:40
11/4/2555 14:53:30 11/4/2555 14:50:14
11/4/2555 14:33:13 11/4/2555 14:37:.02

Tag ID:MI Information: Tag for Test 1
Test 01 |

ion2 Test02 Station 3
g Test03 [T ==
11/4/2555 14.37 b 11/4/2555 14:43:40
11/4/2555 14:50 Test 04 Test 02 11/8/2555 15.06.37
wazess o | @st 05 Test 03 /42585 15:31:53
11/42555 1513 Test 06 | Tt 1 11/4/2555 15:55:43
11/4/2555 1528 e St Test 02 11/8/2555 16:44.21
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Times
Station 1 Station 2 Staton 3

11/4/2555 16:06:17 = | 11/4/2555 16:02:45 | 11/4/2555 15:55:43
11/4/2555 15:45:43 |  11/4/2555 15:49:04| | 11/4/2555 14:43:40
11/4/2555 14:53:30 | | 11/4/2555 14:50:14
11/4/2555 14:33:13 11/4/2555 14:37:02

Tag ID: Test 01 - Information: Tag for Test 1
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Times
Station 1

'11/4/2555 16:31:21 |

11/4/2555 16:08:48
11/4/2555 15:17:14
11/4/2555 14:56:29

Station 2

11/4/2555 16:27:50

11/4/2555 16:12:22
11/4/2555 15:13:30
11/4/2555 15:00:08

Staton 3

11/4/2555 16:20:31
11/4/2555 15:06:37

Tag ID: Test 02 - Information: Tag for Test 2

9

= g =
g‘]J“VI 3.35 m@gamammﬂamﬁauw 2

Times
Station 1

11/4/2555 16:54:18
11/4/2555 16:33:46
11/4/2555 15:42:15
11/4/2555 15:20:38

Station 2

11/4/2555 16:51:13
11/4/2555 16:36:57
11/4/2555 15:38:40
11/4/2555 15:24:22

Staton 3

11/4/2550 16:44:21
11/4/2555 15:31:53

Tag ID: Test 03 - Information: Tag for Test 3
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Station 1
TaglD Time =
p_m 11/4/2685 14:3313
Test 01 | 11/4/2555 14:53:30
Test 02 11/4/2555 14:56.29
Test 02 | 11/4/2555 15:17:14
Test 03 | 11/4/2555 15:20:38 3
Test 03 | 11/4/2555 15:42:15
Test 01 | 11/4/2555 15:45:43
Test 01 11/8/2555 16:06:17
Test 03 11472655 16:33:46
Test 02 11/4/2555 16:08:48 i
Test 02 O aszsss e 4
] |_ _=' o : —
gﬂ‘ﬁ 3.37 %’auﬁauﬁﬂﬁﬁmuﬁmﬁﬁ 1
Station 2
Time n
v 11/4/2555 14:37.02 '
11/4/2555 14:50:14 !
Test 02 | 11/4/2555 15:00:08
Teat02 | 11/ar2555 15:13:30 _
Test 03 11/4/2555 15:24:22 |2
Test 03 11/4/2555 15:38:40 |
Test 01 11/4/2555 15:49:04
Test 01 117472555 16:02:45 i
Test 02 11/4/2555 16:12.22 f
Test 02 1aesssiezrse 0
Test 03 11/4/2555 16:36:57 !
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M1519% 3.2 agtwamsnaaonludunian 2

Station 3

TaglD Tine
t 11/4/2555 14:43:40
Test 02 11/4/2555 15:06:37
Test 03 11/4/2555 15:31:53
Test 01 11/4/2555 155543
Test 02 11/4/2555 16:20.31
Test 03 11/4/2555 16:44:21

3

9

3.39 Yoya

3 A A
UNDENNIUTDIUN 3
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4 . o doiifi 1 | aonfifi2 anilfi 3 aonilfi 2 aoniifi 1
BOUNNE

Test 01 14:33:13 14:37:12 14:43:40 14:50:14 14:53:30
Test 02 14:56:29 15:00:08 15:06:37 15:13:30 15:17:14
Test 03 15:20:38 15:24:22 15:31:53 15:38:40 15:42:15
Test 01 15:45:43 15:49:04 15:55:43 16:02:45 16:06:17
Test 02 16:08:48 16:12:22 16:20:31 16:27:50 16:31:21
Test 03 16:33:46 16:36:57 16:44:21 16:51:13 16:54:18
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A 1

inseaetloulddraniiminnasuniosiiovealisunin MATLAB A3 a5 191A5 0918928

'
(2

e
net = newff (P, T, S, TF, BTF, BLF, PF, IPF, OPF, DDF) 4.1
{ a o I ° s
Iﬂﬂ‘ﬁ P ﬁ’é] WATNHUYUIA RxQ UBAUINADIDUNAVUIN R 91U3U Q NININDT
a 4 14 o 4
T ﬁ’é) LUATNHUYUIN SNxQ ﬂlﬂﬂ!?ﬂl@l@il%}hﬂiﬂﬂmuWﬂ SN 91UIU Q NINKIDT
Y H Y Y Y
Si ﬁﬁ) "IIIHWII’ENGBL!‘?I i FIMSUNINUA N-1 FU 919681 S1 5\1 S(N-1)
I gl.z 4 o
("II'LHW’UEN SN %Lﬂu%mamwmgmwuﬂmu T)
. A o J . gll d' .
TFi Ao WenFuoielou (Transfer function) YDIFUN i
A d v = A ] 1 o ..
BTF A9 Wan¥UNMISHNdoUIASo V10U UUNTNAY (Backprop network training

function)
A I v ~ v 3 @ ' @ . .
BLF f® ﬁQﬂGBUﬂ'lﬁLiﬂuguWﬁuﬂﬂﬁgﬁWﬂLLUULLW§ﬂa‘U (Backprop weight/bias
learning function)

J o a [l .
PF Ao Wanvuisziium (Performance function)

1 3'/ Z 1 9 = o a d o [ ~
Tagluunaz UV ITUFDUITADINNM TN UATUIAYDIHITO UL WINTUD 18 TouN
4 [] 1 a A 1 x d o U I 1 H
TelhinTevnelseamiieniinlseaniamauiiidesns alanduaie Towiuaiun
Wi uaneiavaneidnavesiageu udvihimidadulyeededayaraneidna
Y v I c;y./ Aa [~ Aa
pon lllugdunula TenduaieTouauismiulanuwnudadunie luidhuFudu
A 9 d v 1 49! (Y @ ~ o A 1 =
msaenlglendunisTouazIuegnuanyuzyeeszuy Aduenasevisdszamiionly
o d v 1 [ (Y (] { < { ]
Uszgna 19 Wendumeloulioguarouny aredranuuninglgaun q lduiniga
Jd aa J Aaa
#13AaNe (Hard-limit Hardlim) #1398 UUTNNINT (Symmetric hard-limit Hardlims) RATER
(Linear Purelin) A UATIVIN (Positive linear Poslin) NN 8UUVADNI Ny (Log-sigmoid
a v W o 14 [
Logsig) Fnyeeuvudududalales Tuars (Hyperbolic tangent sigmoid Tansig) {8 gﬂliﬁﬁ

(Radial basis Radbas) tiovimsasruasevieudlrlumsinaomnsevisas lamds
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Best Training Performance is 0.20408 at epoch 4
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Best Training Performance is 9. 4548e-07 at epoch 18207
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Best Training Performance is 3.8562e-07 at epoch 5242
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Best Training Performance is B.5031e-07 at epoch 9242
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Best Training Performance is 0.13853 at epoch 21630
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Best Training Performance is §5.8082e-07 at epoch 31652
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Best Training Performance is §5.8082e-07 at epoch 31652
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Best Training Performance is 3.80642-07 at epoch 1704
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Best Training Performance is B.0B0Ge-0T at epoch 73B0
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Best Training Performance is 3.8808e-07 at epoch 1130
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Best Training Performance is 0.14815 at epoch 3453
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Mean Squared Error {mse}
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Best Training Performance is 0.24773 at epoch 3
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Best Training Performance is 0.24773 at epoch 3
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Best Training Perfermance is 0.20086 at epoch 10
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Best Training Perfermance is 0.22672 at epoch 35
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Mean Squared Error {mse}
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Best Training Performance is 9.980%e-06 at epoch 44878
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Best Training Performance is 8.4832e-06 at epoch 13880
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Best Training Performance is 5.7766e-06 at epoch 1341
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Best Training Performance is 6.50352-07 at epoch 2417
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Best Training Performance is 8.6156e-06 at epoch 18147
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Best Training Performance is 9.9983e-06 at epoch 63337

10" ;
f Train
Best :

10’

—
D|

_\
s

Mean Squared Error {mse}
E:‘.-.I.
AL

107 = 1 ] 1

0 1 2 3 4 5 5
63337 Epochs w10

: R=0.99302

0.8H

0.98*Target + 0.02
= = =
o (=] ==

=
.

Output ~
=
L1 ]

02

o4
)

0 1 1 1 1 1 1 -
[t} a1 1.2 1.3 0.4 0.5 0.6 0.7 0.8 1.9 1

Target

A 9 do 1 d A < . ¥ A < .
319 4.33 minaae Tagns IilandumeTouvearusoun 1 11 Logsig $1N 2 11J4 Tansig

] .
uaz¥un 3 19U Logsig



103

Best Training Performance is 0.00454657 at epoch 120000
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Best Training Performance is 9.2942e-06 at epoch 23390
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Best Training Performance is 0.20408 at epoch 2
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Best Training Performance is B.2078e-086 at epoch 113584
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Best Training Performance is 9.2873e-06 at epoch 289928
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Best Training Performance is 5.5258e-086 at epoch 1243
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Best Training Performance is 9.9487e-06 at epoch 26763
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Best Training Performance is 0.14658 at epoch 13163
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Best Training Perfocrmance is 0.1434 at epoch 8813
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Best Training Performance is 3.9676e-06 at epoch 202
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Best Training Performance is 2.5987e-06 at epoch 23210
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Best Training Performance is 7.8855e-06 at epoch 18146
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EFID-Based Identification for Smart Electric Vehicle

Thanakorn Deeying®* Pravoth Kumsawat**, Kitti Attaltitmongeol*** and Arthit Srikaew™***
School of Telecommmmication Engineering. Institute of Engineering, Suranaree University of
Technology, Nakhon Ratchasima, Thailand

Abstract

In this paper. the vehicle identification system based on RFID and wireless sensor
network technologies is proposed. We have developed a smart node that has BFID reader and
networking abilities. RFID tags which are affixed to vehicle windscreens can store and send
information to the RFID reader. Once the reader has received the identity sent from the tags,
the reader will report the vehicle arrival or departure data to the comtrol center by the ZigBee
wireless networks. The simmlation results demonstrate that our proposed system is feasible
and the system functions such as vehicle information collection, wireless transmission and

real-time vehicles identification are accomplished.

Keywords: Vehicle Identification, Radio Frequency Identification, ZigBee, Wireless Sensor

Networks, Microcontroller

Introduction

With the rapid growth of the
electronies and commmnication networl:
technologies, Radic Frequency
Identification (RFID) has become one of
the most proposing awtomated idemtity
technologies. Compared with other
traditional identify technology, RFID has
the advantage such as contact-less device,
multi-object recognition, non-line-of-sight
system, long distance, programmability
and penetrability. In sinular fashion
ZigBee iz a new type of wireless
transmission standard. It has  many
significant features such as short distance,
low complexity, low power conswmnption,
lowr data rate, lower cost and it has a self-
crganized network, which is very fit for
the network-combination of sensor and
actuating mechamsm in the automate
identification and control applications.

Recently, organizations use RFID
and FigBee to effectively find solutions for
a variety of applications including: smart
moiversity [1], smart exhibition [2].
positioning system [3], monitoring system
[4]. industrial management [5] as well as
coal-mine safety [6]. Next. we give a brief
overview of the RFID and ZigBee.

RIID

Padio-frequency Identification
(FFID) comprizes two types of elements
which are readers and nodes known as
tags. The main application of RFIDs is the
identification and tracking of products
vsing  radio frequency signals  for
establishing communication among the
tags and one or more readers. An EFID
system can be viewed as a collection of
constrained nodes (known as tags) that can
be physically added, or even inserted into
the object vnder observation that can be
merchandise. animal or person. Most tags
have a reading range of several meters and
beyond in the line of sight of the reader.
More precisely, an RFID system is
composed of the following elements:

The reader: This element is an
electronic device that can read and write
several classes of tags. Moreover, in the
case that this deviee is equipped with
cryptographic  functionality, it can
authenticate tags. Comunonly, a reader is
connected to a host or sometimes it can
wotk as an independent device.

Tags: These are the RFID devices
that will be incorporated to the product
that one wants to identify. There exist

* Master Student, School of Telecompmmication Ensineenng,
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++ Ascistant Professor. School of Telaconmumication Fnsinesrine, Suranares University of Technology, e-mail
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three differemt types of tags: active,
passive and semi-active nodes.

= An active tag is equipped with a
battery as its main power supply. This
allows high comwumication range and
umnproves storing capabilities. A battery
can last several years in an active device.

= The passive tags do not have any
power supply. In fact, the electrical current
is induced wia the electromagnetic field
which is sufficient for the identifier to
wake-up and respond to the reader request.
The passive tag has a smaller reading
range and less capability for data storing
when compared with an active identifier.

Zighee

ZigBee is a specification for a snite
of communication protocoels based on the
IEEE 802.154-2003 standard. which
targets wireless persomal area networks.
We note that Zighee operates in the
network layer using as a transport layer
This services are provided by the IEEE
802.15.4-2003 protocol. Actually.the IEEE
202.15 4 defines two physical layers which
cperate in three frequencies The physical
layer at 2.4 GHz with a maxinmm transfer
rate of 250 kbps. There are no restriction
for using this band arcund the world.

Ligbee Device Types: There exist
three types of Zighee devices:

= The Zighee Coordinator (ZC):
This is the most powerful Zigbee device.
The coordinator can be seen as the root of
the network topology and it can also be
utilized as a gateway to other piconets.
Sometimes, the coordinator iz wsed as a
trust entity that can maintain the system’s
kev repository.

= Zighee Router (ZR): This device
can execute a comnunon application and can
work as intermediate router in order to
send data to other Zighee devices.

+ Zighee End Device (ZEDY): This
device has limited functionalities such as
exchanging information with the ZC or the
ZR. devices. A ZED) cannot forward data to
other devices. The main featnre of this
dewvice is that it keeps the device stay in the
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low-power consumption mode most of the
time. This allows the saving of significant
battery life time. Thiz device requires less
amount of memeory and is the cheapest
Zighee device. Table I shows the
compariscn between Zigbee with several
other wireless SEnsor network
technologies.

In this paper, we propose the
wvehicle identification system based on
BFID and ZigBee networks. The vehicles
identification system is designed for use in
the smart electric wehicle system to
identify electric wehicle amiving at or
departing from stops and termuinals. The
gystem reports the identities of the vehicle
to the control center for variouns
applications. such as traffic mformation
systemy, maintenance system, vehicle
positioning system. etc.

i}

[ fighee Coondinmbar K
# Lipkew Rouler '1‘
#r Figher End Device
Fig. 1. Example of a network of ZigBee
devices

-1

Table I Comparison of several wireless
sensor network technologies
ZigBee | Wi-Fi | Bluetocoth
Standard | 07154 | 802.11b | 802.15.1
Transoms 100 — 1-100 1-10
10T 1,500 | meters meters
Fange meters
Through | 20-230 | 11,000 T20
put kb's kb's kbis
Wetwork | 64,000 32 7
Size nodes nodes nodes
Cost Lowest | Higher Lower
Battery | Seweral | Several | Seweral
Life Vears days davys
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Methodology/Experimental Design

The vehicle identification system is
desipned for uvse in the smart electric
vehicle syztem to identify electric vehicles
arnving at or departing from stops and
terminals.

We have developed a smart node
that has RFID reader and networking
abilities. The fundamental smart node
shown in Fig. 3 was composed of four
components: ZFigBee, Microcontroller,
BFIDY reader and power module. The
wireless sensor nodes are based on the
ZigBee  compliance  prodoct  from
Maxstreamn Company that canm cperate
within the ISM 24 GHz frequency band.
ATmepal?8 iz chosen az the main
controller of the smart node for its low
costs  and  high performance. The
ATmepal28 is a low-power CMOS B-bit
microcontroller based on the AVE
enhanced RISC architecture. By executing
powerfil instructions in a single clock
cycle, the ATmegal28 achieves
throughputs approaching 1MIPS per MHz.

In the proposed system the RFID
reader iz designed to collect the wvehicle
identity sent from the RFID tags. RFID
tags are affixed to electric wehicle
windscreens. They can store and send
information to the RFID reader. Once the
reader has received the identity sent from
the tag, the reader will report the vehicle
arnval or departure data to the comtrol
center by the ZigBee wireless netaorks.
Data recetved is displayed on PC using the
GUIL at the control center. The user
friendly GUI is programmed wusing the
Visual Basic 2008 and able to receive
information data in real-time. Fig. 4 shows
the architecture design of the wehicle
identification system  uwsing RFID
technology.

Eesules and Discussion

An experiment has been carmied out
in order to explore the feasibility of using
the s=smart node for the wehicle
identification systern. The simmlated
system consists of three stations. The
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smart node is installed in each station to
collect the signal from RFID tag in
forward and baclward direction of the
target +wvehicles. In addition, the host
computer system at the control center is
build vp with a PC and ZigBee USB
dongle.

Zighee .

ATmega - RFID
End (WARTO! 45 [WABTH poader
Device

Powsar Module

Fig 3 Hardware sttuctore of the smart
node

Cositnal Comer

0B

L
f,./’ ™

"\"i‘igl'.n- e sk

",
S

b i+
: - JRFITe
,. Zigbes Cocrdinabor P
E Higbco Router o

Target vehick:
Llrl Smart Mode
e

Fiz. 4. The architecture design of the
vehicle identification system

Host computer functions as a server
where it was connected to the entire
wireless network using FigBee module.
The database system that was developed in
our work was installed in the server . It can
collect and store the reading from all EFID
readers. In order to provide nsers with an
easy wvismal way to configure wehicle
identification system. a graphical and
friendly GUI has been provided The
snapshots of this application are also
shown in Fig 5 and Fig. 6. The arrival time
of 5 vehicles are summarized in Table IL
These experimental results demonstrated
that the smart node can be used for vehicle
identification. Furthermore, the control
center is able to receive information data
in real-time.
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Conclusion

This paper proposed the wvehicle
identification system based on RFID and
wireless sensor netwotk technologies for
smart electric vehicle identification. We
have developed a smart node that has
EFID reader and networldng abilities.

Tag name
v+ Readar
Station name
1 R
Stop
Date and Tine
Chaar Exit

Fig. 5. Tag reader

Station 2
gD T
Tamt 0 118555 14514
Tamt 11 Fees 15
Ten 2 1TSS 151330
Tay M 1A 15242
Taxt 03 11873555 155840
Tamt 1185 15450
T T TR
Tes @ 11L& 181272
Tam 02 11a55s 162750
Tesd B2 118WFR 1B RT

=

Fig 6. Information time of each Station

Table IT Armival time of 3 vehicles

tation
Ta Station 1 | Station 2 | Station 3
name
Test 02 | 15:33:35 | 15:34:52 | 15:38:42
Test 03 | 15:43:02 | 15:44:40 | 15:48:36
Test 04 | 15:56:01 | 15:58:55 | 16:03:40
Test 05 | 16:12:08 | 16:17:43 | 16:28:33
Test 01 | 16:37:05 | 16:38:51 | 16:46:17

It is equipped with a low power
microcontroller and RF device that can
support  physical-layer functionalities of
IEEE 802.154-2003 standard. The
simulation results demonstrate that our
proposed system is feasible and the system

"GRC 2012

1ASEAN PLUS THREE 4lfe *

GRADUATE MESEARCH CORGRESS

functicns such as wehicle mnformation
collection,  wireless tramsmission and
information real-time vehicle identification
are realized. This system can be applied to
various applications, inchiding traffic
mnformation and management system
maintenance system. vehicle positioning
system and vehicle theft protection.
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