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False)» 23034 B F ~ & 6800 £ Fal o3+ A 0™ £ 5-1 R FEL[4T]H> L 5

% 5-1 8 B

F5
. ‘ True False
Feo
TP FP
True o L.
(True Positive) (False Positive)
FN TN
False ) )
(False Negative) (True Negative)
e TP (True Positive) : FF % 5 True > ¥ 8 5 True o & FEF¥as 5 & % A&
g o
o TN (True Negative) : 9 " % False 3@t 5 False o & /rf¥as s f 4
R o

o FP (False Positive) : 5% i False 7% % True - #-§ tk ~ 45 355%
R e S

o FN (False Negative) : ¢ % % Truew $¥3 5 False o #-1 % & 45 :55%
e f R AR -

37



T

P HRFATHESET &R
Rate (TPR) % 7+ 238 P & F ~ I FE7%a
o7 2P HRF AP EH L P RF
AFHE DS 284N 5 (16

1% 5-11 > #3581 True Positive

» P #F ~ 4 ~False Positive Rate(FPR)
et rg 5 (Accuracy)[47] » k3= T
~(18) » b > BB E Aok 52 T o

)1,‘

Vo é‘ E

kT

=k

—

TP

FPR = — 17
= Ty e e (17)

TP + TN
TP ETN T P F RN o o o e oo e e

Accuracy = ..(18)

38



T A

305-2 & ARHCHO $HiE 2 BRES o

TPR(%)

FPT(%)

Accuracy (%)

AP B v ¥

A0 BE 4 #c

T

S B F HC

e

AP B v ¥

A0 BE 4 #c

T

‘v B F HC

s

AP B v ¥

A0 BE 4 #c

T

‘g F -

e

AP R 3

A0 BE 4 #c

R =

S iE F

x5 54

AP R 3

AP B dic

FHeF

‘g F HC

s

G )

AP M Rk

T

‘v iE F HC

OO || IOl |Cllo|o|O|O|CQjjo|oo|o|O|Qjo |||l || |IDND|IDD

39

OO |R | R I Ol |Clloco|oo|||Cjjlo|o|lo|o|Cjjo|o|lo|lo|olo|o|—|IDD|DD




T A

TPR(%)

FPT(%)

Accuracy (%)

AP B v ¥

A0 B 4 #c

T

S B F HC

e

ipR ¥

A0 BE 4 #c

T

‘v B F HC

e

AP B v ¥

A0 BE 4 #c

T

‘g F -

s

R )

A0 BE 4 #c

R =

S B F HC

e

AP R 3

A0 B 4 #c

FHeF

‘g F HC

s

AP R 3

AP M Rk

T

‘v iE F HC

e

G )

AP Rk

T

‘v B F HC

OO QOO I I T |T|=|=|=|lF=|lj|lOo |||l N NNy |oy| o




T A

TPR(%)

FPT(%)

Accuracy (%)

AP B v ¥

A0 B 4 #c

T

S B F HC

e

ipR ¥

A0 BE 4 #c

T

‘v B F HC

%554

AP B v ¥

A0 BE 4 #c

T

‘g F -

s

R )

A0 BE 4 #c

R =

S B F HC

e

R )

A0 B 4 #c

FHeF

‘g F HC

s

AP R 3

s

T

‘v iE F HC

e

G )

il s

T

‘v B F HC

IR iR il il Bl bl baibal bl === E==RE==RE==1 KRR RIEPRAERRE"R] BezRRezRRe R Bez iRzl EsZERsZisZ iSRS B=AR AR Rl R/




s

TPR(%)

FPT(%)

Accuracy (%)

AP B v ¥

A0 B 4 #c

T

S B F HC

!

ipR ¥

A0 BE 4 #c

T

‘v B F HC

e

AP B v ¥

A0 BE 4 #c

T

‘g F -

s

R )

A0 BE 4 #c

R =

S B F HC

e

AP R 3

A0 B 4 #c

FHeF

‘g F HC

s

AP R 3

AP M Rk

T

‘v iE F HC

e

G )

AP Rk

T

‘v B F HC

ninnurn nimII|I|I I IO |lT|ITII=EI=ZEI=EI=E2I=ElEsE s sl =IO |




T A

TPR(%)

FPT(%)

Accuracy (%)

AP B v ¥

A0 B 4 #c

T

S B F HC

e

ipR ¥

A0 BE 4 #c

T

‘v B F HC

e

AP B v ¥

A0 BE 4 #c

T

‘g F -

s

R )

A0 BE 4 #c

R =

S B F HC

e

R )

A0 B 4 #c

FHeF

‘g F HC

s

AP R 3

s

T

‘v iE F HC

e

G )

AP Rk

T

‘v B F HC

NINININ N7 =====I=s=alaslslocaoccacccjll3—3 3 38 3




5.4 7 e HE v H2 2 3 Bk

*F & 2T %R 5 CPU A Intel(R) Core(TM) 19-10900K CPU @ 3. 7T0GHz -
#8812 Visual Studio 2010 #<3%% VB.NET *73%m B » T4l 5 34 B % &F b=
6800 £ F W F AL » M3 L BF RO HE2Z P %ifﬁ?%lr"f F 0T e

# 5-3 LA F WO HiE 2 3B e o

“l'ﬂ 4*,3_/
L R Tpy | ARty | e B Rl | BT f;&
R S
RIFR 4451 5035 8819 1721 1819
(ms)
FEEEIEE 6 0.74 1.99 0.95 0.26
127 () . . . . .
445 pE (%) 50% 57% 100% 19% 20%
FHE S BORFERAUE T SO BB S F R BT ke forci
B A AT Be b el AR 2 @?%b@i,ﬁ% EF)E A PR R T
THRE R i e AR B BigEs PR PRI BT Ko s {5
R £ o
BogrrR Rk ERHE ERY R A Bo - z‘?j”%f*" TR =
/\

&5 5
A E20i o AFER ST 2 5 ¢ A0 3 8P HRET AhY R 2 BT i
1{‘/;3‘}@5""\'_& - li ; LJ-_@‘L_: 7‘,92)?;._P ’ d z\ 5 3 ¥ Fjg &"’g ﬂ'l ’ j\f/’m:) «}" a1 m#ﬁrﬁ&_‘;ﬁ’ 4

ey dea I S SE R g el N L R R R P E

o

B TR BRI £ B R R R R
R 2o U RTERIMAT b FOY AR T LSk
oo SRR R R o OFH R E PR B R o P SRR =

CGRCRLR SRt ST L R G LECR i o SE LY E i EES

MU R R S F A pRE o RO SR 2 G R e e

¥

B
TR k- X

S AR R ARG SR R A2 0.5 45 (500 ms) 0 T g B A Bk
Rt A AT 1‘3-“7'** R B f:’uﬂg vl BF gt JERF S 0,26 ms
gt 34 BEEF RITTF 8.84ms 0 4 500 ms 9 F Az - pER o B4 TR
wREL FEEER -'Hr%:éw%e:"f%@i MWFH T MAPR TR 2 L0k

-
Bt °

Sh bl - AP HHE I F R TS B2
ﬁ;ﬁﬁﬁ,z@%ﬁfﬁ\ﬁﬁﬁif?iﬁﬁﬁﬁ’%ﬁﬁﬁﬁﬁééﬂ%
£

44



V- 2o EIRRE RS ?
LI Sy QR
TR L YRR A
e

5.5 @A 0CR 2 BE ¥ 2 Hiwith

-rﬂ (“:*
i
L. T’ p2)
=
o
F_k
i)
|
=3

F oo fEryeaid Roka F RS M g B0 R E e ko d 0
DA R R RS A P HE AV ERFE R 22 PR
BER Y RFEEFNRF 0.1-0.24) {FR1EF 2 FREE RO o - &
PR S i P 20Hz b o 2 IR S X S P R o iR W E 2
BAFRF R 2ER BRI H N IREHET FEE AP 2 L PF
AEBRE2 g o

TH/EPEEY 2 2 #7004 Convolutional Neural Network(CNN),
Machine Learning(ML) Deep Learning (DL)% » &_p %144 § A 3¢
Fr2 Al B OERpie s L A% R R S BEY SR 4 LR s Bk

OCR s 3 l-@ﬁﬂi”‘ W F T BB F o B A & e R o

B

AR & B

?%J’Eﬁiﬁ%%%ﬁéﬂﬁﬁv’eirLwﬁﬂd’ﬂéﬁ%ﬁﬁ
#ER LR R L BB R T L E R R R ek SRR Y o
WA WA T ,Eﬁ—%ﬂ{ﬁ;&fiiﬁ{’ 4 2 7@_ W""J‘Q)i"’fé’-)i’%‘? 258
T4 E R SRR TR e IV REE L S AMAF > 53
BETERF 2 A*r% e

M EE YRR A R S o ko BT B ARF R A RFRLA TG K&
B2 BAGBITRG D TR G AR TGS ARG 0 T e R s B
PAHCA] ) TF W S R B RE R ﬁ**%é%%é PR R D
LE & P [ Rl dotyra B0 OR o s % A 10 OCR A0 i 8
SRS Y P2 L& o

B EE YA 2 SRR A L Y B R S R e M RS B

PR E
E@Lﬂ§°*ﬁ¥,’ﬁ%$%ﬁ% MR A 7 5 S R R ]

TR PR IIR LT IEER FRE &

#; 22T

AP R e BB SRR A L o T S EBE Y

W%ﬁﬂ%«Wﬁs PGB 2. B PRAR S D BRY AR SR A A o

jg’}'frﬁ’ @L‘qu’hOCRﬁ/ﬂﬁ:iﬁ #: 1 ok 4 ) ¥ :B:L s tfﬁﬁ‘:‘?%\f”

BLo o bdoh v B cnil AR g
HABENHESY A R s
<)

45

—t E'—ﬁ?‘z

AR EH AR 0 2 R S A R
@%*uﬂh'“Hx+Wﬁmw$%”
RS N S R S A T Rk S AR U Y
e S R B EEY (£ 4 { FoF B FHEERE |

Z

5 4k

eqev /Q‘

» & % OCR i# %

-



ﬁ
Ep

v o

M v Fedl - AT OO MR R A S 2 BN -
xAadd e | G F R LT - AT FRENRIE] b E 2 R
PR = T F A2 A B A BRI L gt A o R BTN
FAZBVHPBERLE -

e

FrRakenp R AL HEET T A SRR S B O A R
RoHEL R 3 %

AnmBaFPE @%k—“ﬁ’mﬁﬁﬁﬂﬁ%%“
S SR BV Ik S FAidz %ﬁ]% L 4 U S wﬁ”w
PFEERS R L“m%ﬁ TRRER oA A R
L
|

a5}
T <
e R ACE 0 R A 4i%g%ﬁﬁm’% wﬁi§+m4mWﬂg

o
Ed PHREFEF AL RO MR RS AT R
T R H P H ka1 g ﬂ@%ﬁx@%oﬁw A I R %*mfa?/,%%?é

BE MR Y R BERET AT Xkl o

46



[

- ~

\\\?’,}

&
3

[1]. Pruegsa Duangphasuk and Arit Thammano (2006, September) Thai Vehicle
License Plate Recognition Using the Hierarchical Cross-correlation
ARTMAP. 3rd International IEEE Conference Intelligent Systems.

[2].Min-Ki Kim and Young-Bin Kwon (1996, August) Multi-Font and
Multi-Size Character Recognition based on the Sampling and
Quantization of an Unwrapped Contour. Proceedings of 13th International
Conference on Pattern Recognition,

[3]. Shen-Zheng Wang, Student Member, IEEE, and Hsi-Jian Lee (2007, June)
A Cascade Framework for a Real-Time Statistical Plate Recognition
System. IEEE TRANSACTIONS ON INFORMATION FORENSICS AND SECURITY.

[4]. Choudhury A. Rahman, Wael Badawy, Ahmad Radmanesh (2003, July) A real
time vehicle' s license plate recognition system. Proceedings of the
[EEE Conference on Advanced Video and Signal Based Surveillance,
2003.

[5].Shan Du, Mahmoud Ibrahim, Mohamed Shehata, Wael Badawy (2013,
February) Automatic License Plate Recognition (ALPR): A
State-of-the-Art Review. IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS
FOR VIDEO TECHNOLOGY, VOL. 23, NO. 2.

[6]. Muhammad Sarfraz, Mohammed Jameel Ahmed, and Syed A. Ghazi (2003, July)
Saudi Arabian license plate recognition system. 2003 International
Conference on Geometric Modeling and Graphics, 2003. Proceedings.

[7].Bai Hongliang and Liu Changping (2004, August) A hybrid license plate
extraction method based on edge statistics and morphology.
Proceedings of the 17th International Conference on Pattern
Recognition, 2004. ICPR 2004.

[8].SherrZheng Wang and HsMian Lee (2003, October) Detection and
recognition of license plate characters with different appearances.
Proceedings of the 2003 IEEE International Conference on Intelligent
Transportation Systems.

[9]. Farhad Faradji, Amir Hossein Rezaie, Majid Ziaratban (2007, October)
A Morphological-Based License Plate Location. 2007 IEEE
International Conference on Image Processing.

[10]. Kanji Kanayama, Yoshimasa Fujikawa, Koichi Fujimoto and Masanobu
Horino (1991, May) Development of vehicle-1icense number recognition
system using real-time 1mage processing and its application to
travel-time measurement. [1991 Proceedings] 41st IEEE Vehicular

47



Technology Conference.

[11]. Vmha Kamat and Subramaniam Ganesan (1995, May) An efficient
implementation of the Hough transform for detecting vehicle license
plates wusing DSP’S. Proceedings Real-Time Technology and
Applications Symposium.

[12]. Christoph Buscht, Ralf Domert, Christian Freytag’, Heike
Ziegler’ (1998, May) Feature based recognition of traffic video
streams for online route tracing. VIC “98. 48th IEEE Vehicular
Technology Conference. Pathway to Global Wireless Revolution (Cat.
No. 98CH36151)

[13]. Zhang sanyuan, Zhang mingti, Ye riuzi (2004, October) Car plate
character extraction under complicated environment. 2004 IEEE
International Conference on Systems, Man and Cybernetics (IEEE Cat.
No. 04CH37583)

[14]. M J. Ahmed, M Sarfaz, A. Zidouri, and K G. Al-Khatib (2003,
December) 10th IEEE International Conference on Electronics,
Circuits and Systems, 2003. ICECS 2003. Proceedings of the 2003.

[15]. Nikolaos Bellas, Sek M. Chai, Malcolm Dwyer, Dan Linzmeier (20086,
April) FPGA implementation of a license plate recognition SoC using
automatically generated streaming accelerators. Proceedings 20th
[EEE International Parallel & Distributed Processing Symposium.

[16]. Hsien-Huang P. Wu, Hung-Hsiang Chen, Ruei-Jan Wu, Day-Fann Shen
(2006, August) License Plate Extraction in Low Resolution Video. 18th
International Conference on Pattern Recognition (ICPR’ 06).

[17]. Mario I. Chacon M., Alejandro Zimmerman S. (2003, July) License
plate location based on a dynamic PCNN scheme. Proceedings of the
International Joint Conference on Neural Networks, 2003.

[18]. K. Miyamoto; K. Nagano; M. Tamagawa; I. Fujita; M. Yamamoto (1991,
October) Vehicle license-plate recognition by image analysis.
Proceedings IECON ’91: 1991 International Conference on Industrial
Electronics, Control and Instrumentation.

[19]. Young Sung Soh (1994, October) Design of real time vehicle
identification system. Proceedings of IEEE International Conference
on Systems, Man and Cybernetics.

[20]. XU Hong-ke, YU Fu-hua, JIAO Jia-hua, SONG Huan-sheng (2005,
December) A New Approach of the Vehicle License Plate Location. Sixth
International Conference on Parallel and Distributed Computing
Applications and Technologies (PDCAT 05).

48



[21]. Rodolfo Zunino and Stefano Rovetta (2000, February) Vector
quantization for license-plate location and image coding. IEEE
Transactions on Industrial Electronics.

[22]. Christos Nikolaos E. Anagnostopoulos, Ioannis E. Anagnostopoulos,
Vassili Loumos, and Eleftherios Kayafas (2006, September) A License
Plate-Recognition Algorithm for Intelligent Transportation System
Applications. IEEE Transactions on Intelligent Transportation
Systems.

[23]. Xifan Shi, Weizhong Zhao , and Yonghang Shen (2005) Automatic
License Plate Recognition System Based on Color Image Processing.
Part of the Lecture Notes 1in Computer Science book series
(LNTCS, volume 3483)

[24]. Eun Ryung Lee, Pyeoung Kee Kim, and Hang Joon Kim (1994, November)
Automatic recognition of a car license plate using color image
processing. Proceedings of Ist International Conference on Image
Processing.

[25].  Shyang-Lih Chang, Li-Shien Chen, Yun-Chung Chung, and Sei-Wan
Chen (2004, March) Automatic license plate recognition. IEEE
Transactions on Intelligent Transportation Systems ( Volume:
5, Issue: 1, March 2004).

[26]. Jiri Matas, Karel Zimmermann (2005, September) Unconstrained
Licence Plate and Text Localization and Recognition. Proceedings of
the 8th International IEEE Conference on Intelligent Transportation
Systems.

[27]. Tran Duc Duan, Tran Le Hong Du, Tran Vinh Phuoc, Nguyen Viet Hoang
(2005, February) Building an Automatic Vehicle License-Plate
Recognition System. Intl. Conf. in Computer Science - RIVF" 05.

[28]. Zhong Qin Shengli Shi, Jianmin Xu and Hui Fu (2006, June) Method
of License Plate Location Based on Corner Feature. Proceedings of the
6th World Congress on Intelligent Control and Automation.

[29]. [. Paliy, V. Turchenko, V. Koval, A. Sachenko, G. Markowsky (2004,
July) Approach to recognition of license plate numbers using neural
networks. 2004 IEEE International Joint Conference on Neural Networks
(IEEE Cat. No.04CH37541).

[30]. Qian Gao, Xinnian Wang and Gongfu Xie (2007, August) License Plate
Recognition Based On Prior Knowledge. Proceedings of the IEEE
International Conference on Automation and Logistics.

[31]. Jing-Ming Guo, and Yun-Fu Liu (2008, MAY) License Plate

49



Localization and Character Segmentation With Feedback Self-Learning
and Hybrid Binarization Techniques. IEEE TRANSACTIONS ON VEHICULAR
TECHNOLOGY.

[32]. Kwang-Baek Kim, Si-Woong Jang, and Cheol-Ki Kim (2003)
Recognition of Car License Plate by Using Dynamical Thresholding
Method and Enhanced Neural Networks. Part of the Lecture Notes in
Computer Science book series (LNCS, volume 2756).

[33]. Abdulkerim Capar, Muhittin Gokmen (2006, August) Concurrent
Segmentation and Recognition with Shape-Driven Fast Marching Methods.
18th International Conference on Pattern Recognition (ICPR 06).

[34]. Paolo Comelli, Paolo Ferragina, Mario Notturno Granieri, and
Flavio Stabile (1995, NOVEMBER) Optical Recognition of Motor Vehicle
License Plates. IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY.

[35]. Lu Xiaobo, Ling Xiaojing, Nuang Wei (2003, December) VEHICLE
LICENSE PLATE CHARACTER RECOGNITION. IEEE Int. Conf. Neural Networks
8. Signal Processing.

[36]. Ying Dia; Nanning Zheng; Xining Zhang; Guorong Xuan (1998,
November) Automatic recognition of province name on the license plate
of moving vehicle. [1988 Proceedings] 9th International Conference
on Pattern Recognition.

[37]. Hans A. Hegt, Ron J. De la Haye, Nadeem A. Khan (1998, October)
A high performance license plate recognition system. SMC 98
Conference Proceedings. 1998 IEEE International Conference on
Systems, Man, and Cybernetics (Cat. No.98CH36218).

[38]. F. Aghdasi and H. Ndungo (2004, September) Automatic licence
plate recognition system. 2004 IEEE Africon. 7th Africon Conference
in Africa (IEEE Cat. No.04CH37590).

[39].  T. Nukano, M. Fukumi, M. Khalid (2004, November) Vehicle license
plate character recognition by neural networks. Proceedings of 2004
International Symposium on Intelligent Signal Processing and
Communication Systems, 2004. ISPACS 2004.

[40]. Mi-Ae Ko and Young-Mo Kim (2004, October) A simple OCR method from
strong perspective view. 33rd Applied Imagery Pattern Recognition
Workshop (AIPR 04).

[41]. Min-Ki Kim and Young-Bin Kwon (1996, August) Multi-font and
multi-size character recognition based on the sampling and
quantization of an unwrapped contour. Proceedings of 13th
International Conference on Pattern Recognition.

50



[42]. Peifeng Hu, Yannan Zhao, Zehong Yang, Jiaqin Wang (2002, July)
Recognition of gray character using gabor filters. Proceedings of the
Fifth International Conference on Information Fusion. FUSION 2002.
(IEEE Cat. No. 02EX5997).

[43]. Siti Norul Huda Sheikh Abdullah, Marzuki Khalid and Rubiyah Yusof
(2006, April) License Plate Recognition using Multi-cluster and
Multilayer Neural Networks. 2006 2nd International Conference on
Information & Communication Technologies.

[44].  YINGYI SUN1, XIANFENG MAO2, SHENG HONG1, WENHUA XU1, AND GUAN GUI1
(2019, March) Template Matching-Based Method for Intelligent Invoice
Information Identification. IEEE Access.

[45]. Sun Hongwei, Li Yuli, Chen Guangfeng (2010, December) Relations
between the Standard Variance and the Allan Variance. 2010
International Conference on Computational and Information Sciences.

[46].  Utpal Garain M. P. Chakraborty D. Dutta Majumder (2006, August)
Improvement of OCR Accuracy by Similar Character Pair Discrimination:
an Approach based on Artificial Immune System. 18th International
Conference on Pattern Recognition (ICPR 06).

[47]. Olivier Caelen (2017, September) A Bayesian interpretation of the
confusion matrix. Springer International Publishing AG 2017.

51



