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B Aguyrd £o7 247 94%, 93% 92%, 91%° ATEE HIY, F
ALy ZIMer sk R 22, 22 7 A9y g1 41
A9y rd fog ZHZF 98%, 96%, 95%, 95%°] ATVEE Hrh Ak
sty 7NE mAEL fiRE 37 5%71x] Aol siEhd ubde] & A=
gy 7I5t BEE2 iR d#o] 452 fAFh

5o AMgE opgetolojdlolE H[E] oF 10%7t HZFUlolH BE
doll =Rt AS NS, obzefolojdolE] H[Eo] EoML4E HTH
9 zEsks st mUEo] AHslwyl s Aoz oAtHEnh AEshs
718 HElE2 A9 ofzefolojHolHE Teé}ﬂ 2ol & Akdhs
7R BElE2 diFE opxefolojdlols EF7F Zheoithe AMEE & A
$H7t A9E Fot] & & A

A 32 AANE A4 BT

Al A4t 9= TP(True Positive)2 EFotal, AA HIyw HAEES
ZHIEA JIASHA] EstAY mdAlRt A-9+= FN(False Negative) @&
ettt obxEtololglolHE  Wowmolgtal  eAAFE e+ FP(False
Positive) = &F3kaL, ofzEtololHolHE 12ty 2Hl2
A AT H$+= TN(True Negative)oz2 EFobch AeolxbH TPt
NS Aol sigstH Fduleleet S4ddolHE 2rt=A 2R7e 4+
o|al, FN¥} FP= ol sidstH Fddloleet S4ddlolHE 2HtEA

oAl Zshe A-polt.



dH

True False
T TP FP
rue (True Positive) (False Positive)
25 21t
False L N
(False Negative) (True Negative)
(18] 4-1] @2} E (confusion matrix).
A% (Precision) = % (5)
A& E (Recall) = %\7 (6)
Flscore — 2 Precision X Recall D

Precision + Recall

TP+ TN
2 3t
4 8% (Accuracy) = TP+ FEN+ FP+ TN "

TP (BE) FP (2E)
Z1}: 23714568 Zat: 11ch1111

FN (2%h TN (BT

e —

iWi iWi .

Ao} : z‘h 456 2 ‘% o] Q14 Zat: o| & HI0[F

(18 4-2] B A2" 7]F 2213 H (confusion matrix).
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28 P 3 ALl 71%E UERdTh S&TA(Supervised
learining &  Time series Analysis)7|§F A|ARIOA = ofzato]oldo]F
£ ot A= TH & £ Q7 ugel 82%° AIEE HIth
SS(Semi—Supervised learning) 7|5 A|ARIE g QIA|APH oA of%
gtolojglolels BRIt 7Hsstng 85%9 Hlwd & AHY¥EE HYr
SS&TA(Semi-Supervised learning & Time series Analysis) 7|8t A]A

ge ol 7 AL" F AP e AR 88%2 R

[E 4-4] ASHA4 OCR AlAE] 57t

SS(Semi-Supervised learning):5 AL 8hE

Al 2=Hl AL = AEE& F1 score AgE
S7] %k 0.9014 0.8504 0.8752 0.7794
S&TA7] 4k 0.9278 0.8766 0.9015 0.8217
SS7] 4t 0.9666 0.8671 0.9141 0.8519
SS&TA7] 8k 0.9726 0.9018 0.9356 0.8821
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ABSTRACT

Deep Learning Based OCR Design for Real Time
Recognition of License Plate
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(Recently, the real-time recognition system of car license plates has
been commercialized in a variety of fields, and it prefers low—cost
embedded systems using only cameras. These systems have a higher
recognition rate of over 98% for the environments such as parking lots
where non-vehicle objects do not appear. However, there is a 50% to
70% recognition rate on some roads or alleys where the environments are
not restricted. The decrease in performance occurs when the external
environmental factor, such as the occurrence of non—vehicle objects or
the changes in illumination, become the outlier data. This paper designs
the license plate OCR system based on deep learning and the system uses
the embedded board which enables the input and output of the images
of camera. To improve OCR recognition rate in situations where the

environments are not restricted, semi—supervised learning and time—series
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analysis techniques can be applied. Normal data and outlier data are
learned together in one model by semi-supervised learning, and it
identifies the outlier and improves the recognition rate. Time series
analysis identifies more reliable frame data by comparing real-time frame
data. In order to perform the experiment for the performance
comparison, measure the recognition accuracy of general licence plate
OCR system and this paper’s proposal technique of licence plate OCR
system in a situation where the environment is not restricted. As a result,
the general license plate OCR system had a recognition rate of 77%,
whereas semi—supervised learning and time—series analysis based on
license plate OCR system had a recognition rate of 88%. Using the two
techniques, semi—supervised learning and time—series analysis, we could
see that the OCR system with an improved recognition rate can be

implemented.

KEYWORD: Licence plate recognition, OCR, Deep learning, outlier,

semi—supervised learning, time series analysis
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