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2.1  CNN (Convolutional Neural Network)

Convolutional Neural Network (CNN) 2 Tz} dlo|glE A2st7] il
SR EAo= onx] JH Y| HlolHE ZAs] sl ARgshk=dl HolH <

a1
7

HAHRE 26ty sk Zgsht= EAS 7HA]1 @tk CNN2 Convolution

Layer?} Pooling Layer’} FHEAo g2 o] Q= JLxg o]Fojx Qltt. Convolution
LayerolA] Convolution @4t Foll 3PYRE Aot oln|z]e] EAS FE5H

E4& 7sfstal o] A7|E SF45h= Pooling Layer®] Pooling S4te HHEG}Ho]

2.2 RNN (Recurrent Neural Network)

Recurrent Neural Network (RNN) -2 Sequence H|°|HE A 2]ol7] $&f 543t
RNN®| £27 57 % shhe WRo] £8757) Sojlcks Holch RNNE 32
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At dolgzt g¥E  wmih Hidden Stateo] HEE HALSH] HE=z
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2.3 STN (Spatial Transformation Network)

CNN2 oJu|#] &7 R Qlof F2 4ss Hou IAH Qs &2

#0174 gl olm|x2o] Nomalize ¥7] 23 olm|x]o] Hah £ A5g Holx]

S5tk olgt BAIE oiZok] $sll STN (Spatial Transformation Network) -
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2.4 Seq2Seq and Attention

Sequence-to-Sequence  (Seq2Seq) F1FE>  ©H  Sequence == UE
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2.5  CRNN (Convolutional-Recurrent Neural Network)

OCREHYZ oln|z|E tF+= HFE HA RHo|HA FAlYl Sequence®
ASste Hdol7]of on|AE HWHER Fd%lckh= CNNEEY Sequence HO|HE
0= RNN EEo] 545 BT "o Jirt maps 27]9] AIjke OCR Rd2
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3.1.1 Transformation Stage
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3.1.2 Feature Extraction Stage

Feature Extraction Stage®| 7|5 | 895t JoH Inputlz Sole=

olu|AE FASIIY] FeatureE @o] W Zolth Z+ Featurel] FE-2 olu|z|e] z+
Fi20] AHE Hal = FeatureZ} HW o] o|u]z]9] Z} FiEO] TextE clSch=
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Layers Configurations Output
Input Image 100 * 32
Convl c: 64 k:3*3 100 * 32
Pooll ki2*2 s2%*2 50 * 16
Conv2 c: 128 k:3%*3 50 * 16
Pool2 k:2*2 s:2%2 25 * 8
Conv3 c: 256 k:3*3 25 * 8
Conv4 c: 256 k:3*3 25 * 8
Pool3 ki1*2 s1%*%2 25 * 4
Convbd c: 512 k:3*3 25 * 4
BN1 Batch normalization 25 * 4
Conv6 c: 512 k:3*3 25 * 4
BN2 Batch normalization 25 * 4
Pool4 ki1*2 s1%*%2 25 * 2
Conv? c: 512 k:3%*3 o5 * |

ss1*1  p:0*0

¥ 31VGG BE 71
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ResNet W2 VGG RHHT HEYZO ZlolE H& J7HIZIHA SA

Residual Connections =t A6 w9 Zdo|tH13]. ¢4 VGG EEZHE

HEYI] Zot Zolds4s mae] ko] PR AT ANE 3L & YUk

T8y AlEsiA HIEQIZE 2 wHeEdS o, 3T BAZ 8 25|18 A5l
ozl AWE Bt ResNet BE2 YELIE ¢ 77 WE7] $15 Residual
Connection= T YU5HATE ResNet &2 17 3.33 Zo] d4to] XPE]= Layere=

179 F02 e Fol 7 Fulttel

O
o

2 ZH& Convolution 4to] ZgPE]o] &H

goll e EEGER mue AAson] 9 ke 29 o ek e
AZHo| Residual Connection®]t}. 7]& A4 ARE]E ResNet @2 31 3.23%
2o ResNet H9-& CNN REl= ARG Rdo] 7P =2 452 HATHI).

¥

X l x

weight layer weight layer

any two y . relu

stacked layers 4 relu "rl-x ) : hl.l -
weight layer . .
weight layer identity
relu Flx)+x
H(x) '
CNMN CMNN with Residual Connection

19 3.3 CNN with Residual Connection
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Layers Configurations Output
Input Image 100 * 32
Convl c: 32 k:3*3 100 * 32
Conv2 c: 64 k:3*3 100 * 32
Pooll ki2*2 s2%*2 50 * 16
Block c: 128, k:3*3 16
ockl | 1o 198 k:3*3| *1 | OV
Conv3 c: 128 k:3*3 50 * 16
Pool2 k:2*2 s:2 %2 25 * 8
Block2 c:256,k:3*3 o5 *
¢ c: 256, k: 3% 3| *2
Conv4 c: 256 k:3*3 25 * 8
k:2*2 *
Pool3 $1%2  p1*0 26 * 4
Block c:512, k:3*3 96 * 4
ock3 | 1512, k:3%3| *5
Convh c: 512 k:3*3 26 * 4
Blockd c:512, k:3*3 06 * 4
¢ ¢: 512, k:3*3| *3
c: 512 k:2*2 "
Conv6 $1%2 p1%0 27 * 2
c: 512 k:2*2 «
Conv7 $1%1 p0*0 26 * 1

¥ 3.2 ResNet 2@ %
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3.1.3 Sequence Modeling Stage

=

Sequence Modeling Staget™= %41 Feature Extraction Stageol|lX] $&3F Features

M2 FeatureQ] Sequence® HWgFsl= 7152 dsith RNNo| @sti 9loH
7122491 RNN ReEg ARG Alo] wHo] AH7E A4 4 Qlrks ©o] Slth
wabs] 7]E AT 71229l RNN 2do] HH 44 RAE sidsty) SAl
A= A o9l AHRte] ohe} o] %] HH7HA] Fxsh= BILSTM ZHS RNN

ndg ARgSHe] AYstay, 11 Ay BILSTM ARE: 2do] ¢ &8 A% Hrh

mtetd 2 ATl e RNN 2R BiLSTM 2Ee A3l [9).

3.14 Prediction Stage

Prediction Staget= 9]1¢] Sequence Modeling Stage®l|A] F&3F Feature Sequences
ol-gst] EAF Sequence® IE5TUTE B Aol HEoA= Attentions ©]-8Sh=
Prediction Model& AFE3I}.  Attention H2E-2 Input Sequence®] RE HEO]
Features]] w2} 715212 ol atsie] &gk olaig E4L & OCR o]

22 @919] |5 715 AL Fast aglo] Hekg)
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34 CNN 29 39

71& AFollA CNN 222 VGG, ResNet RS ARg oL} o]F vd®E CNN
Hdlo] FAstaitt. fh2el Hls EErE B gojo] A 7IES] HYEk FES|
5ol FHolwtoy BT Eof Asol Rk 29 A¢ o ¥ CNN 2

o]-85to] Feature Extractions P Aol o =2 Aol 7|th=o] AYd 204=
F7I2 7709 CNN 2ES F56to] AdS Afsiiit. & oAM= e mdd
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3.4.1 ResNext

ResNext HE-2 ResNet 122 YIEF| Inception HEOA MEA ARESH
“Cardinality” 7Hd-2 =gt Zdo|tH16]. ResNext @2 1E Featureg Z7NA
Convolution $4HS Zzt ZIofste] A2 ofE WeightE 9t H AT+ Split-
Transform-Merge $I4ts Z8¥stH, ojuf 2= A2 & “Cardinality’ =t
o 19 859 9F ResNet TS} To| NASE QUL 92} o] Y
Feature® Z/WA QARS Xt & A= A4S Ageith. 712291 CNN

J5olA ResNetHth =2 A2 Hor B2 =Foi= 71222l ResNext 2@}t

HEP-S 3P ResNextv2, ResNextv3d BE-S Asicy. el 3= oy H4.1,4.2,
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256-din

256-din

256, 1x1, 64 256, 1x1,4 256, 1x1,4 total 32 256, 1x1, 4
L 2 L 2 L 4 paths L 2

64, 3x3, 64 4,3x3,4 4,3x3,4 s+ | 4 3x3,4
| 2 | 2 - v

64, 1x1, 256 4,1x1, 256 4,1x1, 256 4,1x1, 256

256-d out

256-d out

1% 3.5 ResNet 752} ResNext -3 H|1[16]
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Layers Configurations Output

Input Image 100 * 32

Convl c: 32 k:3*3 100 * 32

Conv2 c: 64 k:3*3 100 * 32

Pooll ki2*2 s2%*2 50 * 16
c: 128, k: 1 *1

Block1 c: 128, k:3*3,C = 32 50 * 16
c: 128, k: 1 %1 *1

Conv3 c: 128 k:3%*3 50 * 16

Pool2 ki2*2 s2%2 25 * 8
c: 256, k: 1 %1

Block2 c: 256, k: 3% 3, C =32 25 * 8
c: 256, k: 1% 1 *2

Conv4 c: 256 k:3%*3 25 * 8

k:2*2

Pool3 152 p1*0 2674
c: 512, ki1 %1

Block3 c: 512, k: 3% 3,C = 32 26 * 4
c:512, ki1 %1 *5

Convb c: 512 k:3*3 26 * 4
c: 512, ki1 %1

Block4 | |c: 512, k:3*3,C = 32 26 * 4
c:512, ki1 %1 *3

c: 512 k:2*2
Conv6 $1%2 p1%0 27 * 2
Conv7 z i)1*21 Il){ g :g 26 * 1

E 3.3 ResNext 2@ X (C = Cardinality)
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Layers Configurations Output
Input Image 100 * 32
Convl c: 64 k:3%*3 100 * 32
c:256,k:1%1,s=2
Blockl | |c: 256, k: 3* 3, C = 32 50 * 16
c: 256, k: 1 %1 *3
c: 512, k:1*1,8s=2
Block2 | |c: 512, k:3*3,C = 32 25 * 8
c: 512, k: 1 %1 *4
c: 512 k:3*%3 *
Conv2 < 1%9 26 * 4
c: 512 k:2%2 *
Conv3 < 1%9 27 * 2
c: 512 k:2%2 *
Conv4 $1%2 p1%0 26 * 1
Convb c: 512 k:3%3 26 * 1

E 3.4 ResNextv2 24 X (C = Cardinality)
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Layers Configurations Output
Input Image 100 * 32
Convl c: 64 k:3*3 100 * 32
Pooll k:2*2 s:2*2 50 * 16
¢ 256, k151, 5—2
Blockl | |c: 256, k: 3* 3, C = 32 25 * 8
c: 256, k: 1 * 1 *3
c: 512 k:3*3 "
Conv?2 < 1%9 26 * 4
c: 512 k:2*2
*
Conv3 < 1%9 27 * 2
c: 512 k:2*2
*
Conv4 $1%2 p1%0 26 * 1
Convh c: 512 k:3*3 26 * 1

E 3.5 ResNextv3 24 4% (C = Cardinality)
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3.4.2 Inception-ResNet

Inception-ResNet W22 Inception 1x°] HEYFo]| ResNet ZEoA AjEH
AHERE “Residual Connection” 7HES =gt mdlo|th17]. 19 3.61F 7] Inception
ndlo] rxel @22 ndo]| Residual Connections TE¢ioto] FASH Hdo|m,
ResNetHt} =2 52 Hitk & =FolAe 71242 Inception-ResNet ZH3}

HPS ZI3P3t Inception-ResNetv2, Inception-ResNetv3, Inception-ResNetvd HE-&

ﬂ%
2R
i)
H
i)
EX
rir
O
o
==

3.6, 3.7, 3.8, 3.9} Ztt.

1x1 Conv

Relu activation

19 3.6 Inception-ResNet &5 -5[17]
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Layers Configurations Output
Input Image 100 * 32
Convl c: 32 k:3%*3 100 * 32
Conv2 c: 64 k:3%*3 100 * 32
Pooll ki2*2 s2%2 50 * 16
Conv3 c: 128 k:3*3 50 * 16
Pool2 ki2*2 s2%2 25 * 8
48 k1*1 .
Branchl N K55 25 *8
c: 64 ki1*1
Branch2 c: 32 k:3*3 25 * 8
c: 32 k:3*3
Branch3 c: 64 k:1*1 25 * 8
Concat Concat(Branchl, Branch2, Branch3) 25*8
c:32,k:1%1
Block1 c:32,k:3*%3->¢:192 25 * 8
c: 64, k:1*1 *5
ReductionA c: 448 ss1*2  p:1*0 26 * 4
c: 384, k:1*%1
Block2 c: 256, k: 3% 3->c: 448 26 * 4
c: 512, k:1*1 *5
ReductionB c: 1152 s:1*%2  p:1*0 27 * 2
c: 1152 k:2*2
Conv4 $1%1 p0*0 26 *1

I 3.6 Inception-ResNet ®@ %
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Layers Configurations Output

Input Image 100 * 32

Convl c: 32 k:3*3 100 * 32

Conv2 c: 64 k:3*3 100 * 32

Pooll ki2*2 s2%2 50 * 16

Conv3 c: 128 k:3%*3 50 * 16

Pool2 ki2*2 s2%2 25 * 8
48 k1*1 .

Branchl N K55 25 *8
c: 64 ki1*1

Branch2 c: 32 k:3%3 25 * 8
c: 32 k:3*3

Branch3 c: 64 k:1%*1 25 * 8

Concat Concat(Branchl, Branch2, Branch3) 25*8

c:32,k:1%1
Block1 c:32,k:3*%3->¢:192 25 * 8
c: 64, k:1*1 *5

ReductionA c: 448 ss1*%2  p:1*0 26 * 4
c: 448 k:2*2

Conv4 $1%2 p1%0 27 * 2
c: 512 k:2*2

Conv4 $1%1 p0*0 26 *1

I 3.7 Inception-ResNetv2 ®& X
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Layers Configurations Output
Input Image 100 * 32
Convl c: 32 k:3%*3 100 * 32
Conv2 c: 64 k:3%*3 100 * 32
Pooll ki2*2 s2%2 50 * 16
Conv3 c: 128 k:3*3 50 * 16
Pool2 ki2*2 s2%2 25 * 8
48 k1*1 .
Branchl N K55 25 *8
c: 64 ki1*1
Branch2 c: 32 k:3*3 25 * 8
c: 32 k:3*3
Branch3 c: 64 k:1*1 25 * 8
Concat Concat(Branchl, Branch2, Branch3) 25*8
c:32,k:1%1
Block1 c:32,k:3*%3->¢:192 25 * 8
c: 64, k:1*1 *5
ReductionA c: 448 ss1*%2  p:1*0 26 * 4
c: 384, k:1*%1
Block2 c: 256, k: 3% 3->c: 448 26 * 4
c: 512, k:1*1 *5
ReductionB c: 1152 s$1*%2  p:1*0 27 * 2
c:192, k: 1 %1 N
Blocks3 c: 256, k: 3% 3->¢:1152 *5 27072
c: 512 k:2%*2
Conv4 $1%1  p0*0 26 * 1
E 3.8 Inception-ResNetv3 2@ X
32 1 2



Layers Configurations Output
Input Image 100 * 32
Convl c: 32 k:3*3 100 * 32
Conv2 c: 64 k:3*3 100 * 32
Pooll ki2*2 s2%2 50 * 16
Conv3 c: 128 k:3%*3 50 * 16
Pool2 ki2*2 s2%2 25 * 8
48 kl*l .
Branchl N K55 25* 8
c: 64 ki1*1
Branch2 c: 32 k:3%3 25 * 8
c: 32 k:3%*3
Branch3 c: 64 k:1%*1 25 * 8
Concat Concat(Branchl, Branch2, Branch3) 25*8
c:32,k:1%1
Block1 c:32,k:3*%3->¢:192 25 * 8
c: 64, k:1%1 *10
ReductionA c: 448 ss1*%2  p:1*0 26 * 4
c: 384, k:1*1
Block2 c: 256, k: 3% 3->c: 448 26 * 4
¢ 512,k 1% 1 * 90
ReductionB c: 1152 s$1*%2  p:1*0 27 * 2
c:192, k: 1 %1
Blocks3 c: 256, k: 3% 3->c: 1152 * 9 2772
c: 512 k:2*2
Conv4 $1%1  p0*0 26 * 1

I 3.9 Inception-ResNetv4 ®& 13
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( |al if |b| ==

|| if la| ==
L(a,b) = 3 L(tail(a), tail(b)) if a[0] == b[0] )
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1 + min{ L(a, tail(b) otherwise
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model WRA LEV JAMO

H 27.2704 60.3328 45.2392

P 61.1124 26.6236 20.0688

W 87.9084 7.236 4.6706
HP 58.0062 29.1482 21.5168
HW 88.8947 6.6457 4.4508
PW 87.6534 7.6298 5.0572
HPW 87.9776 7.6896 4.8946
EasyOCR 60.231 14.7282 7.9782

F 4149 1 29 A% v

Tlo

AR HolEl(W)yE S Helelz Ak ke (H, P, HP) Bue] A9 u
58 ngles], Qs A doleE xasiol shaet memW)o] 1 450l
ofdth ATEE Uhis A4 WRAZF M Botom, AuTel 24
oulst= HHAE Levenshtein, Jamo Levenshtein A2 E3F 7P @it AAb
dolgs A <Eside W BT AS aiE & &2 FolHdd
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ftlo

4
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T g AP oA gt ONN RHES Zglste] AR RA S-S v
degstact. delels A WA AdelM P Hold xdleldld HW xe=
AFE61 T, RNN B2 BILSTMS ZFstglon dlole 42 Eg Mafstylct

model WRA LEV JAMO

ResNet 88.8947 6.6457 4.4508

ResNext 90.4962 5.7823 3.8665

ResNextv2 85.9806 8.2505 5.3986

ResNextv3 89.9186 6.0003 3.9624
Inception-ResNet 90.0761 5.948 3.8723
Inception-ResNetv2 89.8924 5.887 3.9305
Inception-ResNetv3 89.6298 6.262 4.1252

Inception-ResNetv4 89.9974 5.948 3.8432
42 49 2 7Y A5 Hw

Ao E Ues A5
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Abstract

Optical Korean Character Recognition using
CRNN with BiLSTM for video analysis

Fojin Kim
Department of Industrial Engineering

The Graduate School

Seoul National University

Deep learning-based optical character recognition (OCR) has excellent performance in
English and numbers. However, due to the characteristics of Hangeul, which has many
types of characters, it shows low performance in Korean recognition. In addition, most
models show high performance for images with the same background, but low
performance for images with various backgrounds. In this study, we attempted to
improve the Korean recognition performance by compressing the Korean character
type, combining training data, changing the model structure, and post-processing the
results. Currently, the results are much better than the results of EasyOCR, the best
Korean OCR open source library. Through this study, the performance of the model's
Korean recognition was improved. In addition, a small number of failure cases are

analyzed and presented for future research directions.

Keywords: OCR, Korean Recognition, Video Analysis, CRNN, BiLSTM
Student Number: 2021-2811

48 .-':lx_i "'|:'1.Ii !



arel 2

71388t

S}
ol

Aty A

yS|
as

49



	제  1  장  서론
	제  2  장  선행연구
	2.1  CNN  
	2.2  RNN  
	2.3  STN  
	2.4  Seq2Seq and Attention  
	2.5  CRNN  

	제  3  장  제안하는 모델
	3.1  모델 구조 
	3.1.1  Transformation Stage 
	3.1.2  Feature Extraction Stage 
	3.1.3  Sequence Modeling Stage 
	3.1.4  Prediction Stage 

	3.2  한글 라벨링 
	3.3  학습 데이터 세트 
	3.3.1  손글씨 
	3.3.2  인쇄체 
	3.3.3  실사 데이터 
	3.3.4  학습 데이터 세트 설정 

	3.4  CNN 모델 조합 
	3.4.1  ResNext 
	3.4.2  Inception-ResNet 

	3.5  데이터 후처리 
	3.5.1  글자의 색 변환 
	3.5.2  맞춤법 교정 


	제  4  장  실험 결과
	4.1  실험 환경 
	4.2  평가 및 분석 
	4.2.1  테스트 데이터 세트 
	4.2.2  평가 지표 
	4.2.3  실험 결과 
	4.2.4  실패 사례 분석 


	제  5  장  결론
	참고문헌
	Abstract
	감사의 글


<startpage>10
제  1  장  서론 1
제  2  장  선행연구 7
 2.1  CNN   7
 2.2  RNN   7
 2.3  STN   11
 2.4  Seq2Seq and Attention   11
 2.5  CRNN   13
제  3  장  제안하는 모델 14
 3.1  모델 구조  14
  3.1.1  Transformation Stage  15
  3.1.2  Feature Extraction Stage  16
  3.1.3  Sequence Modeling Stage  20
  3.1.4  Prediction Stage  20
 3.2  한글 라벨링  21
 3.3  학습 데이터 세트  21
  3.3.1  손글씨  21
  3.3.2  인쇄체  22
  3.3.3  실사 데이터  22
  3.3.4  학습 데이터 세트 설정  23
 3.4  CNN 모델 조합  24
  3.4.1  ResNext  24
  3.4.2  Inception-ResNet  29
 3.5  데이터 후처리  34
  3.5.1  글자의 색 변환  34
  3.5.2  맞춤법 교정  35
제  4  장  실험 결과 36
 4.1  실험 환경  36
 4.2  평가 및 분석  36
  4.2.1  테스트 데이터 세트  36
  4.2.2  평가 지표  37
  4.2.3  실험 결과  38
  4.2.4  실패 사례 분석  41
제  5  장  결론 43
참고문헌 45
Abstract 48
감사의 글 49
</body>

