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Abstract

Working in most organizations often involves a large number of documents being created. One of
the quickest and easiest documents to create is a handwritten document. However, these documents
are generally not digitized files. Therefore, there are some disadvantages regarding the data retrieval
system. Most research on handwritten recognition for the Thai language only tested 44 characters of the
alphabet. However, the characters found on the documents contained different forms which consisted
of 4 different levels. Therefore, it is difficult for a computer to segment each character correctly. This
research proposed a Thai handwriting recognition system using deep learning by testing 77 handwritten
images of provincial names in 70 different writing style samples. The data were divided into training and
testing sets with the ratio of 90 : 10. The recognition model was developed by using the convolutional
neural network with the 2-way LSTM recurrent neural network and CTC loss function. The accuracy of
the results increased with post-processing by Word Beam Search for 1,000 epochs of training. The results
showed that the highest accuracy was achieved when using the grayscale image as an input together
with keeping the aspect ratio of the text. The accuracy was 94.99% in the word level and 95.92% in the
character level. After the post-processing with the Word Beam Search, it was found that the highest accuracy
in the word level was 98.14% (increased by 3.15%) and 98.40% (increased 2.48%) in the character level.

Keywords: Thai Handwriting, Deep Learning, Neural Network, Image Processing
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(n)

()

3UN 10 ManegeuUszansnimvedliea (n) ns3dntuamidnszaudnes (v) ns3dntuaimihinszaum

wuufl 2 (Model B) 1 Kernel wuu 5x5 wasuuud 3
(Model ©) 14 Kernel Wuu 3x3 wag 5x5 uAU #
SU# 10 ()

2.4.2 Mmvaaeumsiiiseaum gideldlilasadiy
Uszamileuuwuudeinuinis VGG16 [17] Tunsana
Swaswes s dereliUlAsheyssamdien
LULILTY WU LSTM lngagNARoUANLYNADIVEIM
uazanugniesasdnusfivsngluditdu q Tnelsin
nsvilvigneeasieg Post-Processing Wagn N5
gﬂﬁaqéﬂfﬁuﬁwﬂszmumi Post—Processing $14na17
wazsidunsiundeyatindn 2 suuuu Ae wuuid
nswasuauaveanmlaglinsnsdiuvesdaniny
Tunw wazuuufiiinsiasusuauasdnssndiaes
fonrulunw Taglinmindisiuuuiiogluuinia
WU warAUS gAY asUfl 10 @)

nyinUsgansnmuedduinalunsidn memsin
AnuSIlunsUsznana warAwinAnNgneadly
ns¥dwesluna faaunisi (2)

v NMS
ANUANADY = (1— (——))x100 2)
3 (I-( NS )

Tagf NMS A8 91UUVBINNAIDNYIUIBAT
AATILTER WaY NS AD IUIUYDINNONYSVSOATINUA

3. NAN1INNADY
3.1 wamsagaunsIiumwidnszRudnes
n1INAaeUNNTIIITUAINUNTITERUSNYS R
naaesiunNSnuslang Yun 32 x 32 finwa Aifinau
upngaiy 78 gUwuy (Aana) $1uIu 7,800 fiee
ymmsinaulumaduau 2,500 58U (Epochs) Feazwun
luaa A uag B deanugndedlnalAesiu uanans
M3197 2 (Podutlil 2) Tneluiaa B JA1Anugndes
wdsgeninluaa A eauAsosar 0.24 druluiaa C 7
N1903AUYI Regularization ¢nein$vin Batch Normalization
mmiaiﬁmmmgﬂﬁamﬁmﬁumﬂhmaiﬁﬁﬂﬁa%aaax 281
wazidlowiluea C undeusisnmdiniunssuaunis
WUINAUTEAUSNYITINAUNNIALENTIEIU [18] A8d13N30
linadnindefivlddndovas 4.13 Finns1adi 2

3.2 wamsnagauns3aiuantndszau
manaaeunsisunmtdhsedud (ladvinns
LENBNWS) VUIANTN 400 x 80 NNWwa MTgUAIBaYLD

auvad Lyaunes uavply, “n33anatededeunylnesiensiseuitedn .
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Founwlnefadudesmialuussmelnesia 77 Smin
(Rand) TlFsrusiann neldaidunsilnduluealunis
$91deANIINIY 1,000 sRUMmENIsHUayAd Ty
Anusaznageueeniiu 90 : 10 vililddayadmsu
Ansludiuiy 4,851 fede uazdeyadmiunaaey
U 539 Mg laran1snadeulssansaInees
lupan1s3dn Fap57991 3 waz 4 Fanu Tueaezli
manugndeailelinmdeyatdluguuuuninenia

dumigendinisldnmdeyadndrguuuunimenam

warmninispeensidiuvestonnuluninasvinlu
Iﬁm’mQmﬁaaizﬁuﬁwﬁqaﬂdnmﬂaimé'mﬂehumm
Fomulunnd 94.99% wivglviAnAugndessEay
Snwsiusngludd 95.929% Fetfosninog 1.08% ves
mi"La,Jmé’mﬂ?humaa%mwﬂumwﬁlﬁmmmgﬂﬁmﬁ
97% WielUnunszUINN1SY Post-Processing #e
Word Beam Search azviliildanugndesseiudasgn
99.62% (it 5.93%) uazaugndedlussFushus
auanfl 99.77% (i 2.77%)

A5 2 mamimaauﬂiz%m%mwiumaﬂﬁ%:ai’ﬁumwﬁu%ﬁsé’ué’ﬂm

Anadesesazaugnies
luaa ladsiunisudengaszaudnesiauiu HIUATTUUINGNSEAUSNBITIUNY during
A3AIBNTIEIUY A5AIBNIIEIU
A 85.32 89.42 +4.10
85.56 89.23 +3.67
C 88.37 92.50 +4.13
A319#l 3 Aeugndesvesluinauazndeyin Post-Processing lunisidiunmiidnsesiud
ANV AMANUDIIMN
Tuwaa AIDNTIEIU liinsdnsrdau ASDNTIEIU liinsdnsdau
word letter word letter word letter word letter
without whbs 89.05 92.39 73.46 79.38 94.99 95.92 93.69 97.00
with whbs 96.66 96.58 96.66 96.41 98.14 98.40 99.62 99.77
NARN 7.61 4.19 23.20 17.03 3.15 2.48 5.93 2,77
(wbs fie word beam search)
a31eit 4 nanlumsUsznanafuteyadmiunaasulunsisiuamiidisesud
Yo ANV ATNAMULTUN
AIONIIEIU Tiasdnsdau AIONTIEIU liasdnsrdau
without whbs 0.0190 0.0160 0.0158 0.0154
with wbs 0.8076 0.3949 0.2862 0.4685
NARNg 0.7886 0.3789 0.2704 0.4531

(e Ae )

YYD (WIUIET UAZAE,

“msgharededeunrwlvedieninieugizean .”
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4. afusnenanazagy

ATl aUsrasdifioRmunduneuiBlunisd
PaneiioBeuniuingmenisseusitedn Feusznou
feturesnsatndnuazuresnnuuglase
‘Uism‘mLﬁemLLUUé’ﬁmmﬂﬂiLLaz%umaaﬂWiﬁﬁﬁaﬂmm
vugilassieUszamifisuiuuiugiunuy LSTM ngld
wansnageusaniu 2 @ feil

1) msnegeulssdndninlunisannanvusiau
yaslaseUssamiionwuudsmnnisfidnistiviue
Window Size flupnsnaiy Ussnausag 3x3, 5x5 uay
3x3 520U 5x5 lnevndeuUsyansnimnieds 10-Folds
Cross Validation ﬁu%ayjamwsﬁé’ﬂmﬁgﬂiwiwmﬂ
QL%uﬁ'ﬁgﬂLLmeiLG?Jwﬁumeﬁﬁuaﬁmu 50 AU
AUAY 2 M98 UTTNaUMBAMNEYTUE 853 uag
favsiuau 78 aana 571 7,800 fedh el
mwéﬁasmLm'azmwazgﬂﬁﬁmﬁzgzywmiumuﬁﬂﬂ a7
NaaesinsEndulunasIuIu 2,500 58U WU Lulea
fifin1srmiun Window Size 11 3x3 $30U 5x5 waz
1 Regularization ¢7e Batch Normalization 1van
anugnienadegeign wanidoamwluiutunouis
Tumsassanaurednusivsnglunin wuiause
duarmgnéedliiulinaatugagn 4.13%

2) Mnaaeuyszansamlunisidndeninuves
TasewneUsvamilounuuiugwuy LSTM Tngld
AudnwazAuvesnmillinlassiieUszamiiion
LUUFITAUINAS ﬁu%a;&amw%a%’wﬁ’mﬁmu 77
AaE mUimmmﬁlﬁﬁ&Juﬁ'ﬁgﬂLmeiL%uﬁmemﬁu
U 70 AW 531 5,390 e vnsnadeulngus
Judayadwiulinduwazvageu 90 : 10 wazyiinis
Hneluluinadiwiu 1,000 seu ‘L%mw%a;ﬂaﬁwﬁwﬁﬁ
U%Qﬁﬁ‘ﬁﬂLLUUSU'mTWLLamxﬁummlfﬁmm Taelenig
WasuIWIATIn NIT N sAISRTdIue Al
ﬁﬂiﬂﬂguumw wazn1swasuruavean niildiinns
assnTdurestanuiiUINguUuwIUd Taali
AMUYNABITEAUAWYINAY 94.99% fnaszanana

0.0158 Junfisionw wazAugnAessEiUSAWSTIUTINg
Tud illethitnmdeyadifinsnidnsduveston
Asnglunmiiniu 95.92% Wethlusiunszuauns
11 Post-Processing ¢ae) Word Beam Search agvinliila
AMNUYNABITEAUANYINTY 98.14% AnaUszanana
0.2862 Juniisionw wazAmgnApIsERUSAWSTIUTINg
Tud et mdeyadifinsnidnsduveston
Asnglunminiu 98.40% wazislonaseuluiaaiu
amdeyathitnifuigidssiuanuduminglifing
asnTdmrestanuTiUTINgUUwIUI Taali
AAugndBssER U 93.69% fnatUszanana
0.0154 Junfisionw wazAugnAeIsEiUSAYSTIUTINg
Tuddlothidhamdeyaiiiinisassanduvestoniy
Ausinglunimintu 97% ilevlsunszuiunsvih
Post-Processing A28 Word Beam Search agvitlils
AANUYNABITEAUAWMAY 99.62% UazAINYNADS
sriusnwsTiuTIngludvindu 99.77% fnaUszanana
0.4685 Ju#isoN N
mInageuUsEansamnsiiimele@eunuive
MmenTiseuidedniuiegwaneilelaglinmdeya
thidhfifiuspiaiuuuriduasuuumudum Tag
Tinsdeuwrnavesninluassdnway fo nsUdeu
yuniisinisasdnsdruvesdonnufiusnguunm
wazmsdsuvuaiilifinisasdnsdinvestenini
Unnguunwmui mslinmitiugiduuueudim
TeaugniessefuAgeaniian uazldnailunis
Uszanananmifesninleldnmdoyatindindifingnas
dnmanumestomuiiusinguunm mslinmiiusglia
siuANUdIIILasN1SAIERTIdLvRTaRY A¥T
manugndessEAusnusTiusngludmninnislénm
Foyahiiflifinmsassnnduvestoruiiusnnguu
A dlewfiunszuIun1svh Post-Processing &g Word
Beam Search vhlildanugniedumssufisdu
FadloUszananatunmszduanudimnuuliag
dasndnvesdemnulirmanugniesunisiigeian
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