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Abstract

Abstract

Vehicle retrieval is an important part of intelligent transportation system. The
key technology is automatic license plate recognition. In this paper, we discuss the
implement of vehicle retrieval system. There is important theoretical and practical
value to carry out research on vehicle retrieval system based on automatic license
plate recognition.

Based on a comprehensive survey of the state-of-the-art of object detection and
recognition, We focus on the SIFT-based license plate recognition. According to the
problems in license plate recognition, we proposed some corresponding solution
methods. The major works and contributions are summarized as follows.

1. Summarize existing methods. In this paper, we focus on license plate
recognition method, SIFT feature and Super-Resolution image reconstruction. This
paper presents the basic idea of common algorithms in details and compares their
advantages and disadvantages.

2. An image matching method based on SIFT feature is proposed for license plate
recognition. First, the super-resolution method is used; and according the geometry of
license plate, the initial locating of the license plate is achieved. Finally, we use SIFT
feature matching to best position of the target. About the character recognition,
different with traditional method using ORC, we also use image matching method to
find the most similar character in the dataset. Experimental results verify that the
proposed method is more accurate than existing methods.

3. The implement of license plate recognition based vehicle retrieval system. In
many vehicle retrieval and monitoring systems, uses need enter the license plate
manually. In the work, a vehicle retrieval system based on automatic license plate
recognition is built.

In summary, this paper summarizes the existing license plate recognition method.
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Automatic license plate recognition is proposed, and on the basis of this method,
vehicle retrieval system is constructed. Experimental results show that the proposed

effectiveness of the method.

Key words: SIFT feature, Super-resolution, License plate recognition, \Vehicle

retrieval system



H 3

BH %

- SR |
F o 1 =T B I
BB B oo 1
L1 EREERFFIIREIL --reomremmremmmeomsm s e
12 ZERRRARFTIRBER --ooommemmmmmrem o3

I B L T L

I e R 4

I L b S | B 5

I R a1 L] B
1.4 ZRILHIEALRLERG --nmemmemmeemm e e ]
BIE HEBIRIME oo 9
L R 9
2.1.1 EMBUBPIER -emmmmmmmmmmmme e 9

P IRV < 11

22 BOPERBEBEBEAR ---oeomeomrm oo 14
2.3 SIFT I --nmrrmmeem e 15
2.4 R B/ N GG --mmm e 19
B=E AT SIFT REMEMIARISE -—moeeeeeeeeeeeeeeees 20
N 20
3.2 EF SIFT REAIZFEMIRBIATE ---mmemmmemmmemmmeemmeemm e 21
3.2.1 BT HHEAVE D PR E L --omreemmmemmmeeemmsc oo 21

I e B o IV 22

3.2.3 HET SIFT ULHRF R LI AN FAF ARG -wmrmmemememmemememememenees 23

R o 1 i 28
R e & L 28

R 29



ST RRR R R R R G 55

B4 AR BN - 31
EmE ETHRREADNRINERERRE - 32
F = 3 32
T 32

4.1.2 DPRETTIR e 33
T = S —— 34

4.2 BRGEAEIT --mmmmmmmmmmmmm e 35
8210 FRBUMMELE coemememeeemememe e 35

4.2.2 HARPEVETT meemmmeem e 36

4.3 FBRGETRT --neemmmrmmmem e s 38
4.3.1 BIE RGUIIH wmreemmremmeemm e 38

432 JG B RGN wrmmmmmmmmmmmmm e 40

B AR NG e 44
ERE REWR -----oomommmemommemeteme e 45
5.1 FEMB NIRRT -------oemmmmmmm oo 45
5.2 STEMBMREUIMIR --ooeeoenmmrmmm e 46
53 RBETEBERGEML ----momrmmmmmmm oo 47
D3 AR /N oo 49
ERE BEERYE - 50
6.1 BIFIG BLE - 50
6.2 FRIRIAERBER ----rrmmmermmmrem e 50
. 52
Bk MUZFAH SRR - 56
BUBE --mmmmmmm o 57

\|



Contents

Contents

Abstract in Chinese ---=--=======mmmmmmem oo I
Abstract in English --=-=-====mmmmmme oo I
Chapter 1 INtroduction ==============m=mmmmmm oo 1
1.1 Background ==-==s=smesememee o]

1.2 State-of-arts of License Plate Recognition ------=--=-=sszmeseeecsccnmecnnnanaa3
1.2.1 License Plate Image Preprocessing =-=--=-==-===s==sezscsmusmemmenennnncanas3

1.2.2 License Plate Detection Method --=--=-========z=mresemmmmrmcee e 4

1.2.3 Character Segmentation and Recognition =-=-===-=====s=szsesesememnnnna- 5

1.3 Major Works and Contributions ----=--=-===s=ssmmmesmmmecmeeeee oo ]

1.4 Structure of This Thesis ===-======s=smnmmeme o]
Chapter 2 Related WOrks -=-=-=-====msscemmmmmmmcc e 9
2.1 Image Pre-processing Technology ==-====-=====s=mssmemmmmemmmmcmc e 9
2.1.1 Image Filter ==e-mesmeeeem e 9

2.1.2 Edge Detection Method =--=-========nnmmmeememmeeceece oo 11

2.2 Image Super-Resolution Reconstruction =-=--=-==-==-==s=m-smesemmenmmnnenanee 14

2.3 SIFT FEAtUIE =-==-r=mmmmmmemee oo 15

2.4 Conclus{ons --éf-=emmmmmmmmennmenenee e e e e e e e e e e s e e 19

Chapter 3 Automatic License Plate Recognition based on SIFT

MALCNING === == o e e e e 20
3.1 INtroduCtion ==-=-=sssesemmm e e e 20

3.2 Automatic License Plate Recognition based on SIFT matching ---------- 21
3.2.1 Image Super-Resolution Reconstruction based on Interpolation ------ 21

3.2.2 License Plate Detection based on Shape Feature -------=-====-=n=zzuz--- 22

3.2.3 Detection Verification and Character Recognition based on SIFT

MatChING ====mmm e e e e e e e e e e e 23
3.3 Experiment Result and Analysis ==-=-======ssmsmmmmmmmmmm oo 28
3.3.1 Experimental Environment and Dataset -------=-====sssssnemmmmncannnnns 28
3.3.2 Experiment Result and Analysis ==-========n=nmmnmmmmmmmmm e 29
3.4 CONCIUSIONS ======mmmmmmm e e e e e e e 31

Vil



ST RRR R R R R G 55

Chapter 4 The Vehicle Retrieval System based on Automatic

License Plate Recognition =-==-=====smsmmmmmmm e 32

4.1 Requirements Specifications =-=--==-======mmmmmmemmemeeee oo 32

4.1.1 Overall Requirements =--=-====s==se=esmresemmmmemmeanme e e e e e 32

4.1.1 Functional Requirements -=--=-=====s=smsmemmemmemececeeeeec e 33

4.1.2 Other ReqUIrements =---=-=s=ssemseemmme e e 34

4,2 System Design ==-==-=s-=ssseemesmeamemmemenmen e e e e e s e e e e s e 35

4.2.1 The Overall Framework of the System =-=--=-==-==-==sseesemeecrmmmenaane- 35

4.2.2 Database Design =-==-==s=ssseeeceecnmmnmmamencennnnnenenceeese e il sinden-... 36

4.3 System Implementation and Test  -=--=-====memmemmcmmcmeec e 38

4.3.1 The implement of Foreground System =-=--=-=====-smusecermenmmnmennnne- 38

4.3.2 The implement of Background System  -=--=-==-==c=sesmmmemmenmnnnnnnnee- 40

4.4 Conclusions ==s==s=ss=semeemmmmeemnemenee e e YR e e oo e 44

Chapter 5 System Testing =-=-=-====-=s=smmmmmmmmmmceee oo -45
5.1 The Test of Automatic License Plate Recognition --4 $§iRIAEX HE .

5.2 The Test of Historical Data Query Module ----=--=-==ssmsmmmmmmmeneeeceeee- 46

5.3 The Test of Background Module ==--=-==smsmemmmmmmmmcmc e 47

5.3 CONCIUSIONS ====mmmmmm e e 49

Chapter 6 Conclusions and Future Works =------=--==zzezeeeu--- 50

6.1 CONCIUSIONS =====mmmmmmmmm e oo 50

6.2 FULUIe WOIKS ====mmmmmmm e oo 50

The referenCe =-----sseememm e e e e 52

Publications and Others -----==-======mmmmmmee oo 56

Acknowledgement --------=-m=mmmmmmme e 57

VIl



AE S AU TR SAE S, E Aar BB AL, B AR L
LA BRI R, a5 S RN, AN EE TS

LG

1.1 EEERMHRENX

BEEH SRR, TP RHURACRE AW e s, B e 2giEiE
B RSN BRIz TR, Rl i TA IR, (R4 ER
B N X g NATTRAE WS 5 TARSRBE 78R, i 7 AR BEMN TR HE
(APt SR 17— AR A A ). Sl SIS B O SR A B
Woy. HEE SEMEMEINR . T IR, AR A RTRE BRI K
fE, R TR EESCIE RS (Intelligent Transportation System,  1TS), F X 424%
PALR SBT3, A R

TR TS W E R R 2 —, AT ZHNHY R ERUUIE
A (Vehicle License Plate Recognition, VLPR) & ¥ i # 5if A% B2 6 ) 52 W 4
P& 10 HZE A0 E B 5 IV LIRE B (AN KRS FCFRE BTRi A el
ERBIOEE), JEHMEATHB AP HOR . 42U AT e I I s
AL AW NE L AT R R DL R A B PR T T A
SRR RN R R A LA SE . BEECR HLAR S ) SRR, TR
X IR ez L RIS AR 20 A s PRI R DR B A B A B B A SO
J R B A2 B O AE

1. MEFEdRE . XSk m Em, . golBEmEmeE oa
REVEER . R BREW . WHERER., FERRENE, AR EM S
NE RN RS, RG] LA A 32 B SR 0 XA U, 0 A
AT R, I B SRS R R o, — B RIZE



T FHFI R R R g it 555

OB, WSZZIR BIRE . XFRGE5 AN T HMEAE#EZ RS REnTL
RRANEIMWT TAE BERFAS; AT DU T a7 B 40 £ RS LAE RS
IEHASE: MIET AT, BEAGHANE. REES.

2, EEE AL T H R I T AR G A U A A R B A
TAFE KT AT AL T, SR X Ah 77 2RI 9% 77 o A R R AR R
ARG, A LSRR AR H 3R A, AR AN T, seE s
FEHIER A ZAEE . AR, AR I B EOE, v DR 2R S B R E B %
AN EFEHLIX, SEEN AR ST PRER . ARG R ST, ST
PRI RS R, A RERC N REIRIE RS, XM ARG T AT,
M H 24 @R Bl

3. HAEH: HETESMEEY, RN N DR 200 NI 45t
AT, BIand e, Wk, BshBUTEES . R RG] LB SR kK
PR FESRS, SMANEERGNLSS, WEERE. B TR
R B &5, SCILZEAY B3N8 . R, ZERRUn L n] DLRH T 22 H 3
TSR R g, /DX AR e s R LA R R R 55

4, MRS E NG BRI M TSN B B 45 % R BRI
I EHE B AR AN TR 77 R, AR EE RS, X
SeBR T R TAEE R SR B A3 o 1A R 2R RSB B8 DU 2R AT
HabE, 1% m TIERCE.

gi bk, ERR AT Z KSR B, B NN Z RS
R AT TIR NIRRT M 20 fHhed 90 54X, 4K S LGk L2 T
U8 T SRR BRI ST, WL %) Hi-Tech /A & f See/Car System Z 41, Hilnik
Optasia A ) VLPRS £7%1. L& IBM. Google 2. [N, EHNWMEHTL =R
AN, FEAEAR T PRBE AT I8 RIE T RS i
LR, MR, EITRES.

TR A G b BRI A 2 B AT S B AR 2 L 2 5 5, (H2 H skl
SRR, AAEEOCIAR . HRAR . WA AR, DR S — A
ReIE H T 7E B 2R 5t R AR R G 982 — A s Bk R ) il R 22 R



BoE iR

R B BB AR LS BRI SE 2 AR RN 3 R B SRR
AT TR FCAR AT 78 P 22 7 T PR A AT T, DRI 22 R ) AT 786 76 R
IR FAE .

1.2 ZERHARI A EELA

—RORUL, ERGDTA GNP, il 11 B R G
BB E R AR R . R TER AR AR O, 25
REBEFN, MRS, Jekds; M ERRESNNEBAGIENW. 1 RE%H
ORI AT ZE R, — SR I R AL B R (R AT THAC 2E, DAY BR
X Je TR A S ) 2% A i o R ITER S A7 o 4 AR AR TR ) P A R e R O S B A
AR, HIRRT T2 AR, TR ERES RN FR AT 0. TR R B T e
(AR e Sl S 2 R 7 F I b QU TS SR AV I bRz Fol b QN 3 S S R
AT, NSRS

— BG A IR TRy TR

B 1.1 ZERRBIFRE

1.2.1 FHEERMAE

PR AL B AR A B T R R4, fE— R 5EG . BiE
HRARAR DS I ATk P R 229 I B EUR (K AL BB A s T AR BRI R, 32 B R B
FUE AL R H ARG % EUG AT K A R G 75 . AT G a 55 . i,
FUONA S 1SS RERIGIN, BRI EIRE 525, e RABA .
JeRE L SURSER R, BUR SIS, I HA KEMES, RAH— 2 M EIG
Kb BREG AR B AT 00 e 7 EAT B, SR EBURURE, D a SRR AR At R 4 (R

B BT AT, BRI R B A R AR S R b R — 8 S, AT X
o T P AL B 7 A I, T PR PR e 7 2 o i W TTUA B R 2 — o H T E 2
LR P A AR M P R v AT 7R o B ER MR P AR TE BB L BB A I T ER

3



T FHFI R R R g it 555

PR T M R R R R A AE R AT IR IEZS AT CHUARAE Ry i A1)

1M RS BRI, — BRI BRI R AT o T I AR AT 1
JEU B AN R A5 SRR A Ak AN [R] (R 403 B, 368 1o 0308 B e B e 2 S
B PSS i o R4S T BRI (45 S5 FR A M P2 3 AR AT A3
Be, MR RAEEAT mABG fERIBOH, MRS EBERE L ke
A FH A R AU D8 (R U8 P e ek 95 BB A O M 7 o BB TH PRSI R IELAME LA R 7
SN —RIEFRMRE A ARSI RGN EZE L, WieE. 5% 2
i BB RO AR B0, SR

KB RIE D A AR Z A, F IR R B R TH ST AN AL, AT B3 Dy AUk A 4
SRR P RIR o I B S xR AT AN AR 4, g SR 20, 40 i B A2 e,
ARGEAR R, ARSI, R RN RS R BOEATIE AR, AR a1 A B
BB, Mt SEDL BB IE BT o 10AH LE AUk TRl B2 K R 7 3, 22 (B E I 5 ¥
T B E PRI AT A R B . 6 LIRS I 3 PPk 2t 3y
(e AR o AT I I % DA B i T IR M VR it A I

FEEMG AL B, JEBARIERR T TR HERZ SN, thal HE R G ARFIE A SR
B BRI . KL SRR AR N R 75 22, SRR BB B AR Bl =
MR, MT)agabet, T BHESRBCE 1 RX T A5 BN g A B . RN DE i
KeFERT LA TR G . R s e sm BB P A HE R, o BB R
HOR B R A TR, KRB ARE R ZE R, WHHE =X
B B T EMRE Bk, W B BT RIS R INERBA TR . RIS
PAE LR K RHRIE IR AT EL5 BT A5, IR ST B A 5 15
BB, BT KREG L RGBT R I EGRIAGRE, 8
HEs, FERTEA: BBEE, W, PLKGH 2 EEES.
122 MRS EF*

R, BRI AT, e B AL R TR AT R o R R
R AEH E A2 BRI T AR E BN — 2D, SRR > BRI 2 B A, A
MRS OGRS . WA AR SRR RN, e U R 7 BSOS 5 o LR,
V2 E N AT U RS AN R I 375, R T AR AR pE A s, Lt A

4



BoE iR

ST TSR TR, BT REEMER L, RS
5 RV R TR DA B LA IR AT (8 B A4

BT BUERHE R ik [ P ) R 02 A8 [ e B P4 T, B T I RR AE
(7 R B T R X — R A, SRR T i . BT, REMFEMIRE RE L
B W B BRI, A SO B B E A SR, DT S IR ) e e
3. Yang Pl HARAE 2 LR €00 7 RF T €0 % A2 RHEAT R i A N, AR et
REELFR DX 35 A P 7 R HEAT SCE AT, AT — 20 S DL R R T gt 5 R e e
BIHSVE 23 [RIEAT 20 M1, AT S B AR Py 2 7 5 X 5 5 OLR P 22 S22 Jek o 4
AT RO XIS F, REEE BT N FEIH BRI AR T IRIEA
FMHM. Eun Ryung Leel@#1Shyang-Lih Chang™% A [ 77 £

W7 vk — M ekt EUG AT B 2 RV AR 4, U RSN M s (HILER A 2
X S A AR

BT RBVRFER 7 TR B 2 — o (R s, 91 R R 1 DX 3 LA
TEHERE A B, R L 2 0 A MBI 7l S o X5 125 2 AR R TR AN 7 1
PRV TBRHEAT R IR 2300 o SR ST ) 73 o A ) 4 4320 5 140 86 64T R B 2
;s Draghicit™ @it 7 BE T HE FOAS (R E ZE M IB3e X 35 ko ad o 45w 710,
Kamatt 25 A [RS8 B E i T 2R . IR ST TR AR A 5 T BB,
E A I B 1R R 1

BFHCEIEAR WL B S F BRI G SRR AT R 5
— B S UG ATIAGAG I, AR, X BT YRl
SR T R R RS 2 05 AN NI 3 R 2R B A 5535 Hisiao-Yun Tseng 24
NE SR, B7 B, LGN, OGRS R AT
S3HTs ARG L A AR R R EUG E7 B ke A AR X 35k zhang 5 AP0
g, HEN A EW, ARG ERESEIHT EMESL. HANEE
Nelson?, Farhad?245 A i) 7575 . X EBRIE T 15 SR 8. B RZ ALt

B ELRFUIR [ 5 2 R A

1.2.3 ZHFYISMEFIRF
ZE PR RN I AE R R B B AT, HEIRMR R T 5k

5



T FHFI R R R g it 555

FERIZRAL, SZRPRIA BRI, SRR EIG AN . ERFIR. F
AR V55T, AR S R, AR G T RER 7 V2 F AN B A R0 LR B B R
PO . BRI AR R, PP IR T VR 2 IR, IR A
oy 2 AN LR FRY) R R AN I

BT B INER TR v - TE: 8 a0t 70 812145 JUE X i
17 AEA, FEATECE PTG, 13 RUR R MAT A AIZ 34T AR 507 R WA
AT RO 5y o R BN T A 5 Ho AR R AR A 45 5, i Nomura P10 B s
SR SHECATRA SIS, R T BEN TR, &R E R R
B2 MG PR BB R4 HE s Kim S8 B4 M A BR 5 10 5 B 5 A
IR Rl BeAh, FRFUIr BTTVRIE A B TR IE s BT

117 H A TR AT B =28 TR ULACH 7% TStk
#7792 DA R TR s LS I 07 158

O FE PR T Pl T XU AR 7 ) ZE R AR T i, K R
N6 NAFI T XK, MR A R AL BEAT 05 B PO Rt — bl TR
UG FC (0 25 BP0 7 155 2 A0 e o A ek 3 o Mg s - AP AR 28, K 5 A3 ) 4%
BIE T BZE A BRI HEASE AR IR A T UC T, ANTAT SR B ZE R o TSR DT IC 1) 7 ¥
FEGEH T Iolek, A, LR REREFER.

BTGt o R HITE MR AR E 7%, ke S /R BEER RS A
(HMMs)28l, S\vMIP2k | it A T 428 00 2% 5 B A S At e oy N7 P 10468 2 11 1) 49k,
R RN ER E T2 T N TS M1 75%; W Anagnostopoulos
SO g e o 2 2 (PNINS) 2 B F B ZE RN, 7 35 Wk 7 TR AR5 8 T
BT AR LimP, LeeP®453@ 13 B Kohonen 3405 3 [ & B AL 2% K
G, TR

1B MR AL SRR 753, V20 R0 UG R BRI S F 21 H AR R
)¢ —SEPIE R DT IE A S0t b, AR ZE R AR 1, AR T AR AT I R
V2, MRYES B MR S S F R IS Lee 200 i it SREUMK 3 B4 (1 7 75 4y
TEREAT AR AL RE V55 X SAFAE AT T (19 J7 VA AR FU AR VT e B0, Re S 4 3k
FEIPRAE, ER S FEARX B 2% o RSO T 745 1R 2 R FH RRAE RO UL T 1Y



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

