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Abstract

In this report, the vehicles identification system based on RFID and wireless sensor
networks technologies for vehicles identification is proposed. We have developed a smart node that
has RFID reader and networking abilities. RFID tags are affixed to vehicle windscreens and can
store information and send it to the RFID reader. Once the reader has received the identity sent
from the tag, the reader will report the vehicle arrival or departure data to the control center by the
ZigBee wireless networks. The experiments 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 realized.

Keywords : Vehicles identification, Radio frequency identification, ZigBee, Wireless sensor

networks, Microcontroller
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A \l v
2.3 m3ee15a8 Zigbee

o

< [ ] Y f '

Zigbee iilumaTuTagmsdeasuuy 1Fmengniaunau ldligamuniunaTulag 13

A VoA 5 Y o Y = a ¥ ) P
AOUVUIY 9 Na1IAD 31181 TFnasnudes e u1soaaas 1 1au1u uazausoaiig

A P o 9 Y N ¥ o 1 o

193001918 FungAUMs IFOuAMuEUEes 13a10 a9 uA e IIRY HAZATIITDL

9 = . [ a2 Y A 9
anmminnaey Tagausananinsulieuien Zigbee nu malulad Fasuuudu 9 ludu

! Y o A A
AN 9 ]'lﬂ ANATTNNN 2.1 e g‘]J‘VI 2.11

A1319% 2.1 uaaam s euisumaTulas 15 ae

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
Application Monitoring & Web, Email, Video | Cable Replacement

Control
Throughput (kb/s) 20-250 11,000 720
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b=l NTERNEL L COMPRESSED. MULTLCHANNEL
HGLLA DB

reile

RO2.11a/HL.2 & 802

802153/ WIMEDIA

Bluetooth 2

ZigBee

SHORT < RANGE > LONG

LOW < ACTUAL THROUGHPUT > HIGH

307 2.11 1511mm5 19 Throughput vesasgIUMsAeMs 1FaenuUa1

2.3.1 peuaNliAvea Zigbee
1. 8A5IM3d990Ya 250 kbps (2.4 GHz) 40 kbps ( 915 MHz) 118 20 kbps (868 MHz)
2. High throughput 112 low latency Duty Cycle 11 (< 0.1%)

3. 1M3191949 Channel 41V Channel Access using Carrier Sense Multiple Access with

Collision Avoidance (CSMA - CA)
4. ANUN5039951 Address 1804 64 bit IEEE address ( 65,535 network )
5. 5UU52NUM ALY Full hand shaked protocol
A ' Y ' A
6. 1¥UAND Topology I@vaneuuy 15y Star Peer-to-peer 1170 Mesh
7. ldmdanud (e ls ldnarafousudal )

;4
8. 5$ﬂ$ﬂ1ﬂﬂ1iﬁ\1ﬁu:§1u 5-500 LRI
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2.3.2 auilszneuves Zigbee
. 1 g U A
Zigbee utivaontily 3 d1u Ao

o { [] (% [] < 1
1. Zigbee Coordinator 1¥thna5191n59918 9915 Tvualulasavie wagnuinies

v Tvualulasuie

v Y A ]

2. Zigbee Router ¥ihndamsidumevesdoyanderiiuneslulassineszning

G

Tviua

I ] ] 1
3. Zigbee End Device lugailarvvoslaseadiunionis ogludivvesdldaniag

o v ¥
ﬁuﬂimﬂutlﬂﬂ\i 1UU RFD iag FFD

Faduilsznouai 9 ¥4 Zigbee lauaasld aagii 2.12

~
'A'/

[ Zigbee Coordinator
O Zigbee Router

L g
X

% Zigbee End Device

A @ ] 9 A ' s
glhfl 2.12 G]'Jf]ﬁn\iﬂ'lﬁﬁﬁ']\uﬂﬁaslnﬂell@\ifgﬂﬂﬁm Zigbee
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2.3.3 1n39a519%049 Zigbee

Zigbee gﬂa@mmummwwiudaumm Application layer Application support layer
I8¢ Network layer 1M1 116 19 MAC layer 118 Physical layer A1WN1AT§1U IEEE 802.15.4 614

A
ATTNN 2.2

M3199 2.2 TA5983749 Zigbee

Application layer ZDO

Zigbee define Application support sub-layer

Network layer

MAC layer
IEEE 802.15.4

Physical layer

[

[~ 1 1
TaaTns9ar519v04 Zigbee 21U layer A4 ) A4l

Y
Y U v

1. Application layer Ausuniaiuves Endpoint 9¢ 38N Application framework Tag

1l Zigbee Device Object (ZDO) vt lunmsdanis lumsiindauaz 19911 Application layer

2. Application support sub-layer v lumsaansuues Application layer (1ag1

Y A o 1Y = o Y ' A A Yy o L
Wu’lﬂiuﬂWiﬁU-ﬁ\ﬁlﬂlAﬁ FIUDI NITIANITATUAN €] NNYIVDINY Application layer

3. Network layer 11111911415 Routing oyaa1a 9 mndunielildaularenieiion

v G v = (4 A J G ] [
@gmaimmamamamu NIDANLATIBDVIINU
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2.4 laulasaeulnsataos (Microcontroller)

Y
ao o o
nuavetilszgnd sz uuanesnadada (Embedded system) lumsaduau Tag
A 9 o a o < @ o R s A
onldlulnsaouInsamos luaszna AVR ¥09U55N Atmel Hluan)szunananan Fueian
I Jd 1 : @ o
Tdiuueiaju ET-BASE AVR ATmega64/128 Fuiiumsldaunineinsvosda
14 < @ = J o v A DA 14
luTasneuTnsamesouilundn Tasazlimsaedyaa V0 sendaizoslmiunesa PA

14

PB PC PD PE PF uagnose ET-CLCD Lﬁﬂﬁ%ﬂ?ﬂ@i@ﬂﬁi‘%}ﬁu W%BMﬁQW9§951W§Uﬂ13ﬁ

@

<1 ¢ ¢ 4 ¢
TvaaTdsunsy uonnnidaiins lasunes Rs-232 e nawnsaldaumeduneinoynsy

Y A 2
RS-232 Ulﬂ\j']mlazﬁgﬂjﬂﬂ\‘]sllu

2.4.1 aaaniiavesueialulnsneulnsamesililuanide

- 19luTnsneuInsaianinszna AVR 1005 ATmega64 1130 ATmegal28 Y93 Atmel
=2 g J I A Y 1T o A o a
Fuilu lulasaoulnsameivuia 8-Bit Iagdonldunasnuiadya 1 uIRnILuy XTAL

a = wa 1 N Y 1
fAIUD 16 MHz HIUTUUAAU GIJ@\T"liJIﬂiﬂE’JUIﬂiﬂmﬂﬁllﬂLm

- UNU2ANDT Flash d1miSuoullsunsy 64 KBytes 61150 ATmega64

W30 128K Bytes iy ATmegal28 1azil RAM 4 KBytes

- fintitennuT9eyan125uuUl EEPROM 9119 2K Bytes 611151 ATmega64

- 2 0y 2
130 4 K Byte d1%31 ATmegal28 Faenunsnauiaziiens 1dna1 100,000 A4
- 319U /O gagad 53 /O Pins

- 112995@0@15 SPI 91191 1 %09 Inter-Integrated Circuit (12C) 314U 1 ¥09

Programmable Serial USARTs 314U 2 SN
-1 ADC 119 10-Bit 11124 8 %04

- 1} Timers/Counters 8-Bit 914U 2 %94 Timers/Counters 16-Bit 911U 2 %04

8-Bit PWM 2 %04 Watchdog Timer Real Time Counter
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[

«1/O PORT 10 PIN 9147U 6 PORT @41l PA PB PC PD PE PF

« Wosn ISP LOAD dwisuldsunsululasaeulnsaaes (#eosldsmAUET-AVR

A A A Aa v A o A (4
ISP #501A304 1150n51 ISP dUNUNMTIATE9U ngmuwmmuauﬂu)

) [ 4 4 o ' 4 1T W
* N7 Line Driver ﬁ?ﬂﬁﬂWﬂﬁﬁﬁﬂﬁ?i@HﬂﬁN RS232 91UIU 2 ¥ Iﬂﬁll%@u@l@ﬂﬂ

doyna PEO (RXDO) 1az PEI (TXDO0) $1u7U 1 %09 dIufitnandn 1 %09 azaondayn o

PD2 (RXD1) t1az PD3 (TXD1) tio 1HH 19amnsononaasimsdnaodonds RS232

« 19991 UADIDUFAAINA LCD LU Character (ET-CLCD) W91 VR USuAMNAI

v¥99 LCD #4191 51%0 160299501 LCD 11 4 Bit Interface

) [ < o L
- 1495 Voltage Regulator 110 +5V / 1A dwmsuldauiuuvassielwinesises
o J 1 { Y T
Tdnuvenaaina LCD wazgUnsal VO @ 9 Aldnuunasiievuiavuia +5v wiou LED

UEATDIUS

* YU1A PCB Size 8 X 6 cm

2.4.2 Tassa3svesvesalulasnoulnsaass

s ¢ o 4 s
TassadravesueialulasnouInsameinaninigii 2.13 uazliseaziBenvesunin

(2

4 - {
NUAAINTUU UYL VUAIU

A 7 2 A =
< vy 1 Ao lulasneuInsamesiues ATmega6d 130 ATmegal28 FaiiuluTns
aouInsameinTzna AVR 910 ATMEL
A . Yo [ o 4
« ¥U1818% 2 A0 Switch RESET 1¥d1151 Reset m3viauveslulasaouInsames
- ¥3191a% 3 A Crystal A1 16 MHz
A v Y ° @ [ ' ' Y
- HUEE@Y 4 A9 AaMUMUd M Ulsuamnnuane i Leb

« W18 5 Ao PORTC 1vu1a 8 Bit v PCO-PC7
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A 4 9 o [ o . Y v
. VgAY 6 1B WA ISP LOAD l¥dwmsuarnilvaa Hex File 1901 lulng
4
AU Insamos
A 4 ) o A 1 @ Aa = 9
« HUYAY 7 A0 Wo3A ET-CLCD d15U%oNAenU LCD 1A Character Type 4 1%
MIFOUADLUUL 4 Bit
« ¥1181aY 8 Av PORTD 19114 § Bit A® PDO-PD7
« Y1181 9 Ao PORTB UU11A 8 Bit iv PBO-PB7
« ¥1181a% 10 A9 PORTE 1119 8 Bit A0 PE0-PE7
« ¥y1gaY 11 Av PORTE 1911A 8 Bit A® PFO-PF7
« ¥1181aY 12 A9 PORTA 1119 8 Bit A0 PAO-PA7
A 2 o ) 9 )
- MINEAY 13 uag 14 Ao 9260 RS232 dwmsuldaunily
« HINEIAY 15 A9 LED Power 1¥dmsuuaasaniuzvoauriadnis 1 +5vDe

- MINBaY 16 Av Tsouradne Idmsuaessasueiussa
]
]

RS232-1 RS232-0 [
] PFO—PF7

0
>
T
o
>
~N

(9]
N E  — - woo=reo] ]
i S NEoE = [l -
TOUF — al= 1xm=P03§E o
- — e 64 o > ~N
T wwgg;lt[::lol-m ’ % 5
. Q |§ &
©—f)r 3 g £
PWR 2 a - ? D gm
e g o
S ©] b JEN [
2 ||| g a[@Zlzz] -~ |® 3
@F 5
| o1 | o1 |} = @ z 19%
OK 7-12VDC PDO—PD7 16MHz < ET-CLCD
1 o, [ ——
(| ® ® @) @

g1 2.13 TnssadwwesalulnsnouInsames ATmega64/128
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2.5 MINUMUITIUNTTN (Reviewed literature) / a13a8HINA (Information) PR

% a o

A Y a Aa A L 9 1 = A
NNITAUAUIIUN EmmmJwGlmwsmmazummmglugmmayjamq € UNTUIYN

9 @

< &
INYIUVDIATU

119398904 Leung C.W. Law S.M. Chan W.S. U@ Siu Y.M. (2008) [1] im3 1%

v ¥ o o v v Y A .
Nulassasaesrudmiumsnuleszun RFID aemsoenuuy 1niinTeue Zigbee 2.4GHz
I [ A [} 9 ~ A [} 9 o [ 1 < 4
Wunnunanveunsevie 1¥eeluvasinsedne RFID 90oMHz v ldd1msus 1uuing
o w ] o < ] A ] U @
el sz AU NNdaZgNINUIIVIIVHIUNINATOUIE RFID 900 MHz tazgndalids

Terminal MUNIATOVY Zigbee

Tl ue9 Ageel-ur-Rehman Abu Zafar Abbasi (482 Zubair A. Shaikh (2008) [2]

Y] a LYY a @ [~ [
22149 RFID TumswaumIne1ssdanses Tagdunuuvoanswannuaaslifimun

o -4

maluTadyes REID  awisadaiuswlumsidsvilgamssnvianuilasans niseysny

9

AU MIAAMUAY HazdY q Tagunanuiiauess AN IUVeId1inNIUEInS oY

a o < :
119390 U04 Ting Zhang Yuanxin Ouyang 118 Yuheng Liu (2008) [3] tlunilalu
a oA =S a o A a I'd [] 9 ]
M3l IalumaTuladneunuaainasuiuneiszgndeedluaminuinasnuazinglu

aa o w I @ 9 A o 9y Yo a ]
Fia1lsza1iu Lﬂuﬂ”liijllﬂu"l]ﬂﬂjaﬂellmsljalmzTﬂﬂ‘V]Nﬂ”IEJﬂ”I‘W‘VIT]ﬂ"Hﬂullﬂi‘]Jﬂﬁ‘]J’iﬂ”liﬂEJN

v J

1 A a o A a 49! a ' 9 1 o <3 4
mamaﬂ%msﬂ;]fmwuﬁmﬂﬂmumﬂmzumaummaﬂﬂﬂh RFID 33UNUTSUULEULEDT

Y]

= v o A a4 o o0 ¥ v q ¥
PUNAANNIADONNIIN N INLAEIINITISEuIana u@ﬂﬂWﬂulﬂif]slﬂﬁlﬁ])'ulclj'@ivliﬁWﬂﬂ\iﬁlﬁ

Anvasnlumsaeasundoeyaisiusiulag RFID fe

119114398 v04 Junjie Chen Jiangiu Zeng 1A% Yuchen Zhou (2009) [4] 14313

3A312H Packet Error Rate (PER) U94 Zigbee 1MNNIN3UAIUUDY RFID LUVUTIABINA

a 4 ' 1A Y a d
AUNFAITNTNA1INIUNAVN Bit Error Rate (BER) LL@%L?@WiHﬂWi%UﬂHﬂJ@\‘]GﬁJ@Na UM AATIZH

U

Y

a = =\ o d' [ o A 4 Aav A ) 9
“lumm‘nqyg]ua311mima’emwaﬂsmmumammmm@mﬁm Nﬂ“‘l]ﬂﬂﬂ”li?i]fluﬁ”m”liﬂuﬂﬂi%

I a o J [ .
iudeyadiedsnuymimsldausiuniuves Zigbee ag RFID 14
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119114398904 Said A. Elshayeb Khalid Bin Hasnan tia2 Chua Yik Yen (2009) [5] 14
i1 1 ] 9
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5/9/2554 8:15:23 5/9/2554 8:15:56 5/9/2554 8:16:21
5/9/2554 8:13:30 5/9/2554 8:14:24 5/9/2554 8:14:54

TagID: Test01 - Information: Tag for test 1
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Test 01 5/9/2554 8:13:30
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Station 1

46

Station 2

Station 3

30/11/2554 16:37:05‘1
30/11/2554 16:37:03
30/11/2554 16:37:02

30/11/2554 16:38:5

‘ 30/11/2554 16:38:4!

30/11/3097 16:46:1.
30/11/3097 16:46:1¢
30/11/3097 16:46:1+
30/11/3097 16:46:1%

Tag ID: LEESI 4[| Information: Tag for Test 1
Test 01
on 2 Test 02 Station 3
z Time Test 03 TagID Time
30/11/2554 152 > 30/11/3097 15:38:39
30/11/2554 153 Test 04 Test 02 30/11/3097 15:38:40
wissaisa | est 05 Test 02 |30/11/3097 15:38:42

AN/11/9RR4 1R-A4-A4A I I

Tact N2

AMN/11/20Q7 1R-42-2R

~ A Y ' 3 Iaq v
g‘]J‘V] 4.8 ﬂ']’il,ﬁﬂﬂllﬁ'ﬂ\iwa“ﬂﬂyﬁﬂlﬂﬂllﬂﬁ%tmﬂﬁﬂi‘ﬁiuﬂﬁ‘lﬂﬂﬁﬂﬂ

Times
Station 1

Station 2

Station 3

30/11/2554 16:37:02
30/11/2554 16:37:03
30/11/2554 16:37:0%

30/11/2554 16:38:4'
30/11/2554 16:38:5

30/11/3097 16:46:1%
30/11/3097 16:46:1+
30/11/3097 16:46:1¢
30/11/3097 16:46:1]

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

130/11/2554 15:33:35
130/11/2554 15:33:34
130/11/2554 15:33:33
130/11/2554 15:33:25

47

Station 2

30/11/2554 15:34:5]
30/11/2554 15:34:5
30/11/2554 15:34:3;

Station 3

30/11/3097 15:38:4;
30/11/3097 15:38:4(
30/11/3097 15:38:3¢

Tag ID: Test 02 - Information:

JUn

Times
Station 1

30/11/2554 1 5:43:02}

30/11/2554 15:43:01
30/11/2554 15:41:12
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Station 1

30/11/2554 16:11:57
130/11/2554 16:11:56

130/11/2554 16:11:54

130/11/2554 16:11:52

30/11/2554 16:11:50

130/11/2554 15:56:01}
130/11/2554 15:56:00

130/11/2554 15:55:58%
I
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30/11/2554 15:58:5
30/11/2554 15:58:5,

Station 3

30/11/3097 16:03:4(
30/11/3097 16:03:3¢
30/11/3097 16:03:3]
30/11/3097 16:03:3(
30/11/3097 16:03:3%

Tag ID: Test 04 - Information: Tag for Test 4

o
71 4.12 Veya
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130/11/2554 16:12:08
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o
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Station 2

TaglD Time
M 30/11/2554 15:34:38
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Test 03 30/11/2554 15:44:44
Test 03 30/11/2554 15:44:46
Test 03 30/11/2554 15:44:48
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Test 04 30/11/2554 15:58:54
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RFID-Based Identification for Smart Electric Vehicle

Thanakormn Deeying*. Prayoth Kumsawat**, Kitti Attakitmongcol*** and Arthit Srikaew***
School of Telecommunication 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 RFID 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 armival or departure data to the control center by the ZigBee
wireless networks. The simulation 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 RFID
With the rapid growth of the Radio-frequency Identification
electronics and communication network (RFID) comprises two types of elements

technologies, Radio Frequency which are readers and nodes known as
Identification (RFID) has become one of tags. The main application of RFIDs is the
the most proposing automated identity identification and tracking of products
technologies. Compared with other using radio frequency signals for
traditional identify technology. RFID has establishing communication among the

the advantage such as contact-less device, tags and one or more readers. An RFID
multi-object recognition, non-line-of-sight system can be viewed as a collection of
system, long distance, programmability constrained nodes (known as tags) that can
and penetrability. In similar fashion be physically added, or even inserted into
ZigBee is a new type of wireless the object under observation that can be
transmussion standard. It has many merchandise, animal, or person. Most tags
significant features such as short distance, have a reading range of several meters and
low complexity, low power consumption, beyond in the line of sight of the reader.
low data rate, lower cost and it has a self- More precisely, an RFID system is
organized network, which is very fit for composed of the following elements:
the network-combination of sensor and The reader: This element is an
actuating mechanism in the automate electronic device that can read and write
identification and control applications. several classes of tags. Moreover, in the
Recently, organizations use RFID case that this device i1s equipped with
and ZigBee to effectively find solutions for cryptographic  functionality, it can
a variety of applications including: smart authenticate tags. Commonly, a reader is
university [1], smart exhibition [2]. connected to a host or sometimes it can
positioning system [3], monitoring system work as an mdependent device.
[4], industrial management [5] as well as Tags: These are the RFID devices
coal-mine safety [6]. Next. we give a brief that will be incorporated to the product
overview of the RFID and ZigBee. that one wants to identify. There exist

* Master Student, School of Telecomnunication Engincening, Suranaree Untversity of Technology, e-mail address: b4902362@hotmail com
** Assistant Professor. School of Telecommumication Engineering. Suranares University of Technology. e-mail address: prayoth@sut ac th
*##* Associate Professor. School of Elacmical Enginsening, Suranaree Unsversity of Technology
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three different 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 communication range and
improves 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
i1s induced via the electromagnetic field
which 1s 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 1s a specification for a suite
of communication protocols based on the
IEEE 802.154-2003 standard, which
targets wireless personal area networks.
We note that Zigbee operates in the
network layer using as a transport layer
This services are provided by the IEEE
802.15.4-2003 protocol. Actually.the [EEE
802.15.4 defines two physical layers which
operate in three frequencies .The physical
layer at 2.4 GHz with a maximum transfer
rate of 250 kbps. There are no restriction
for using this band around the world.

Zigbee Device Types: There exist
three types of Zigbee devices:

*» The Zigbee 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 is used as a
trust entity that can maintain the system’s
key repository.

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

» Zigbee End Device (ZED): 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 feature of this
device 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. This device requires less
amount of memory and is the cheapest
Zigbee device. Table I shows the
comparison between Zigbee with several
other wireless sensor network
technologies.

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

Yoorg Ve haae

O
s /
g

[ Zigbee Coordinator
© Zighee Router

& Zigbee End Device

Fig. 1. Example of a network of ZigBee
devices

Table I. Comparison of several wireless

sensor network technologies
Z Wi-F1 | Bluetooth
standard | 0155 | g2 11h | ‘305 151
Transmus | 100 - 1-100 1-10
sion 1,500 | meters meters
Range meters
Through | 20-250 | 11,000 720
put kb/s kb/s kb/s
Network | 64.000 32 7
Size nodes nodes nodes
Cost Lowest | Higher | Lower
Battery | Several | Several | Several
Life years days days
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Methodology/Experimental Design

The vehicle identification system is
designed for use in the smart electric
vehicle system to identify electric vehicles

amving 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: ZigBee, Microcontroller,
RFID reader and power module. The
wireless sensor nodes are based on the
ZigBee  compliance product from
Maxstream Company that can operate
within the ISM 2.4 GHz frequency band.
ATmegal28 is chosen as the main
controller of the smart node for its low
costs and high performance. The
ATmegal28 is a low-power CMOS 8-bit
microcontroller based on the AVR
enhanced RISC architecture. By executing
powerful instructions in a single clock
cyclee, the ATmegal28  achieves
throughputs approaching 1MIPS per MHz.

In the proposed system. the RFID
reader is designed to collect the vehicle
identity sent from the RFID tags. RFID
tags are affixed to electric vehicle
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
amval or departure data to the control
center by the ZigBee wireless networks.
Data received is displayed on PC using the
GUI at the control center. The user
friendly GUI is programmed using the
Visual Basic 2008 and able to receive
information data in real-time. Fig. 4 shows
the architecture design of the wvehicle
identification  system using RFID
technology.

Results and Discussion

An experiment has been carned out
in order to explore the feasibility of using
the smart node for the wvehicle
identification system. The simulated
system consists of three stations. The
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smart node 1s installed in each station to
collect the signal from RFID tag in
forward and backward direction of the
target vehicles. In addition, the host
computer system at the control center is
build up with a PC and ZigBee USB
dongle.

Toang Vi Thatarw

Zigbee i

End | UARTO| {ATmega) UART1 RFD
128 f Reader

Device

Power Module

Fig 3. Hardware structure of the smart

node
Control Center
a@z A
\ngoe Network
\ b e i A Ly
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Fig 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 ZigBee module.
The database system that was developed in
our work was installed in the server . It can
collect and store the reading from all RFID
readers. In order to provide users with an
easy visual way to configure vehicle
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 amval time
of 5 vehicles are summarized in Table I
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 vehicle
identification system based on RFID and
wireless sensor network technologies for
smart electric vehicle identification. We
have developed a smart node that has
RFID reader and networking abilities.

Date and Time

Fig 5. Tag reader
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Fig 6. Information time of each Station

Table IT Amval time of 5 vehicles
tation
Ta Station 1 | Station 2 | Station 3
| S—-—

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

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
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functions such as vehicle information
collection, wireless transmission and
information real-time vehicle identification
are realized. This system can be applied to
various applications, inc traffic
information and management system,
maintenance system. vehicle positioning
system and vehicle theft protection.
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