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This research aims to develop a model for automatic traffic sign
classification using Teachable Machine, a machine learning platform that
requires no programming knowledge. The model employs
Convolutional Neural Networks, specifically MobileNet architecture,
trained using the Adam Optimizer on TensorFlow.js, enabling client-side
deployment via a web application. The dataset used consists of 17,440
traffic sign images across 27 classes, compiled from the standard GTSRB
dataset and additional photographs taken in Thailand. Data
Augmentation techniques, including image rotation, lighting adjustment,
noise injection, and perspective transformation, were applied to
enhance data diversity and reduce overfitting risk. The model was
trained with the following parameters: batch size of 16, 50 training
epochs, and a learning rate of 0.001. Model performance was evaluated
using standard metrics: Accuracy, Precision, Recall, and F1-Measure,
calculated from a 27 x 27 Confusion Matrix. The learning behavior was
further analyzed through Accuracy per Epoch and Loss per Epoch
graphs. Experimental results indicate that the model achieved high
performance, with an average accuracy of 98.93% and an F1-Measure of
98.90%, demonstrating the potential of Teachable Machine in
developing accurate models applicable to both educational contexts
and intelligent traffic systems.

Keywords: Traffic Sign Recognition, Teachable Machine, Convolutional
Neural Networks, Data Augmentation, Web-based Image Classification
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UNANED

mmaaﬁ“i’mqﬂizmﬁﬁaﬂ’muﬂuLﬂaﬁm%’mﬁuuﬂﬂﬁzmwumﬂwa]i'mi
§nlusid InelfiaTesile Teachable Machine Fafiuunanme funisiFousves
1A3 07t liifosendunnui i unsidoulusunsy Tneluinai wamwiede
Tasadeuszamifisunuunouligdu Tnslamzaandnenssu MobileNet &
Andedana3fiu Adam Optimizer Uufiug1uwas TensorFlowjs #15uNs
Tsuilsgldriuuueundindu il yadeyaiildusenoudenmiioasas
59 17,460 70 910 27 AGTE T939UTINANYATOYANIATFIU GTSRB Uaz
amateandszmalng ngladinisuseyndldinaila Data Augmentation
IFun nsmauamm MsUuuas MaiRdYQIATUNIL kaznTuUas LD
Wieifiummmannuanevesdeyauazanaadssain Overfitting lunagniln
fewmriinesfiugu Idun suanguuiriu 16 S1uauseunisiin wihiu 50
WagA1 Learning Rate 11117V 0.001 n1sUseLduUszans nanvesluinag
Fdunsshusitaussananimansgiu 1iun Accuracy, Precision, Recall
Lag F1-Measure 9 4/11204910 Confusion Matrix 3u1A 27 x 27 Lag
AATILNNGANTIUNITITEUS P80 Accuracy per Epoch uas Loss per
Epoch nan1snaassuansliiiuinlunaaiuisaswuntieasiaslaeeed
Uszansan lneflaadeves Accuracy WU 98.93% waz F1-Measure
Wil 98.90% agvioutiadnaninued Teachable Machine lunisasndluiaa
fusiuguazanunsatlulszgndldadld isluuiumesnisfnvinazszuy
319509038

ARy 3331895193, 1A30sle Teachable Machine, TassingUszam
Winnuuneulgdu, msuiudeyaiiion, mssuungUnmuuiuneyndindy

1. umi1 (Introduction)

Tugai srusuil$AuTy (Autonomous Vehicles) wag sz Ut 2811 05 3UT T 1ga (Advanced Driver
Assistance Systems: ADAS) faananaidumalulagndnlunianisuuds anuanansalunsiviuaziniuie
avsetsgniesiaiiuesdusznouddnlunmssnuweasafouuviosauy theasasimiiidomsmds Aufou
wazdeyaddnunfdud Inslanngluanunisaiidudeunievimuidon wu defignuats uasdmioyuuesi
Aoy Fuidutadeiionathlugmsaanuiianaiauaziiuanudssdenisiingd@meg (Kozhamkulova et al,
2024; Zhu & Yan, 2022) d@awalin1simunszuuinteasasieedaludl@ (Traffic Sisn Recognition: TSR) sy
awanlaegranalutadlaifU s

TuednmsiamuneluladirieanasofomaiaUszuiananinuuusin 1wy Haar-Like Feature
Detection 138 Template Matching F98ansiidadnindunnuusiuduazanudanguluanizuindouais
(Khunarsa et al., 2021; Thipsanthia, 2021) ‘\]uﬂit’ﬁbﬂLLu’JﬁﬂmiL‘%EJuiL%ﬂﬁﬂ (Deep Learning) lngtanzlassuie
Uszamiisunuumauligdu (CNNs) lisunisussendldegrsunsnatowasiigaiuaiinlusednsningslunis
FunnwkaziaguateUszian ansadsulidfuaninuandend vainuats (Dhawan et al, 2023;
Jantaragate, 2024)

agalsfinny dedrinsunnuimanaiauaznineinsensauriidndudmsunsilnlina CNNs Saag
Juguasseddysodifudu dniauuazdniseluszduialy demed muidvasuifadenld Teachable
Machine Fatfuunanosunuulideadsuldn (No-Code Platform) A Wauilay Google Creative Lab lag
awsail nlumanisiseugveandee (Machine Learning) vutiutusiiiwesldogrsazain wienatuayy
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annilnenssu MobileNet uazn15ingie Adam Optimizer 11 TensorFlow.js Geaelanunsaiinuaziluna
Tuldeuasaluilafld (Clent-side) letnsiiuszansnmlnglaidosfiadsniies (Google Creative Lab, 2020;
Kingma & Ba, 2014) n13Anw1lae Chen et al. (2020) 5¢yi1 Teachable Machine HeiUnlenialvigiseuanunse
\drdauuAaiugiures Al uag nsfouivenaiedddesrudlade dmenuidoves Kurz et al. (2024) way
Yim & Su (2025) AliituinedesdotifidnenmlunsilulssandldifionsBounsaeunaznisimuvinuslu
e K-12 uagsvaudsenfnwineuduliegnadiusedvgam

uananil swidesautiunsesnuuugateyalvifiaueseunquiidluudresnasiisnuazdnuugvoatie
99195 lnsnarudeyasingu GTSRB uaznmdsasaslulssinalne nfoursuszyndldinaia Data
Augmentation L% nMsMUNN MIUTULAS waznsiasymes Wleliuteyafieslueiln iaUszavEnmees
Tualifanunsadufleduanumainnatsvesnwluusazaana andlaymi Overfitting wasifinAinuauisalunis
Suunnluaanunisaifidudou (Alsiyeu & Duisebekov, 2024; Dineley et al., 2024; Ge, 2023)

A UNTreauAdedlogfinnsiiausuumisnatmuilinadsidieasasiifanuudugigs Tngld
in3eaflouuuliiFeadeulusunsusens Teachable Machine Saufumeiianisinioudeyailivnzan deanunsa
ludszgndlduassussuuivweundedunvuisealnd ngludndudeddninensaeuiuneslusaugs
MmATsT el e esenuuuuasiaulieaiidnfsite Ussndansnens uagannsoinldauldudily
anmundondiitosin vedssessumslinuldodivssaninmuugunsaiialy liinndureuiuneivie
gunsainnmn uneuatuiignaninssuiunstaukazmsuliiaasiu Teachable Machine Aausinisinsen
doya n1stnuaznegeuluna n1sesnuuuszuuiukeUndndu Tdaulinisiesginansvaasadeuiuimmiu
@T’J%"’immmgm ¢uf Accuracy, Precision, Recall uag Fl-measure tiosusuisnmudululalunisiinuimng
sanamluldasduusunvesszuudaaiesuurisinuu

2. InqUszaeAauITe (Research Objectives)
WianauluwadnsuakunlseLnnyastheastaseniuldd tngldeSesdia Teachable Machine

3. ATNUMIITIUNTINLAZNA U TAEadas (Literature Review)
3.1 yddeiiReadas

n13451918937195 (Traffic Sign Recognition: TSR) LiussAUsznoUdAguessTUUTIBIWMA B TUT T ugs
(Advanced Driver Assistance Systems: ADAS) wazenusussnlutf dsiunuimddglunisiinanuvasnsde
wazdszansnmlunisesias lnslanzegedaileldfunisaduayuain faunisvesmaluladnsFouives
\384 (Machine Learning) wagM3138u3L3En (Deep Learning) fipenseiulsedvEnmussssuuiinaets
frldrAny

uIdesu TSR lugrmassuii i unnansliiufinslilasaisssamiisunvuasulogdu
(Convolutional Neural Networks: CNNs) ifuwnumdnvesmssiaun 1esan CNNs fidnenmgdlumsaiauas
Suundnuazddgrennliuiluaninuadeufidudou f1081919u Kozhamkulova et al. (2024) T4 CNNs
Wi eUUU IR LWIug e an ST uunTeluueudSnluAnieldan1igvainuats Dhawan et al. (2023)
yafmunlunaiiensasaduuazduuniigludesseaior vaed Zhu & Yan (2022) Anwinisiiiuaamuniu
yoslaLnan oA MuIAd ou LA BuLUAY NDUNITUNITNATBT8 CNNS 35015 9LAn 18U Haar-like Feature
Detection wazn133uRAManyMe (Feature Matching) gnianly uwaiidedninsuaiunsiuguazaudaney
(Khunarsa et al,, 2021) usipaNIeannlasadsmsI9sudusoudaty 1Wu YOLOV3 S1uf Feature Pyramid
Networks (FPN) il oudtlaymnisnsaadutheawiadn (Thipsanthia, 2021) wagnisuiulassadislnaalisessu
nswasuutasesgunsauazauinte (Jantaragate, 2024) agslsfiniu anuvihednsdloglunsduesuasin
myuats vsededinvesyadeya
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InanTIAnaaziiulad ONNs Wunalulandnvessu TSR lulagiu Inedimsimwedenaiiio
elunuaadnenssy n3dnnisdeya wasinadaiuyusedniain WeenseAuANUKINE AT AIUNUNIUYDS
szuulvinfeusomsldnuate

3.2 lasedneuszamiieuuuunauligdy (Convolutional Neural Networks: CNNs)
lassingyszamiiisuuuupauligdu (CNNs) Wuandnenssuvedlassiessamidien (Artificial Neural
Networks: ANNs) fleenuuusndmiudoyadifllassasiadumss ity smwndeidos Inaamslunuidringuas
Fuwungunm ssruszneudAyusenaue
19 uﬂauif;amu (Convolutional Layen) vi1wil i ar AAMENYUYIINATINEUNAAIBAINTD
(Filter/Kerne) vuaidnfidounseuiiufidesvesnm ileasraunuiinuidnuas (Feature Map) fiagifoudnuas
drdnyvasdeya
2) Fulalfu (Activation Layer) ifinenuliidaduliliaaifiosesiunisdeuideyaiidudou Tay
fealdilardu ReLU Faflanudeuieuaztisanilym Gradient Vanishing
3) Suamuun (Pooling Layer) amﬁaLLazﬁﬂuauWﬁwﬁma%maﬁ’f@a&atﬁaﬂmﬁ’u Overfitting vauzdaas
Snwmasdnuaddsy Jeuld Max Pooling %58 Average Pooling MIuAINMMINEALIYEINY
4) Fud susiowfia (Fully Connected Layer) Sauqmé’ﬂwmzﬁlﬁmﬂ%udauwﬂﬂ wialdlunisuun
Ussnniensviunedy 4 Taedndedeiladdu Softmax wie Sigmoid iewuasrnduanuiasiy
5) Fuzensiuund (Softmax Output Layer) Ilun1ssuunnananana Tnsuvasrndonn (Logit) :1ndu
Bonsowdulndummnuinasdunuwintu 1 wavidenaanadifiinggadudney
fafu CNNs FafideldiugouluauannsnFouinadnuusaissedu dausveu 3Us laufeguiuud
Fudou mnzaududnuazvestosasiideserdenissiuunandnuasamsvesnin Snvisaunsausulid
1A59a19L07 19U MobileNet %38 EfficientNet 1l pananszUszananavugUnsalfininensdidn Fadu
wieluladvdniiannsouseyndlisamiuiniesiiontns Teachable Machine ldpg1sfiuszansnm
3.3 Teachable Machine
Teachable Machine 13 uuwannesuwuulideudfaulda (No-Code Platform) @ Wannlne Google
Creative Lab sanuuusiit el ldnsefuasnsoairanaziinlunanisissugvosai ealalasnsauuiv
Wi iwes w1y TensorFlow.js wavld Adam Optimizer lunsusuaniminveduina Tnsiamslueusuun
A unanrlesuiisesiunisldaniiinenssy MobileNet Fsfiaumngantuanmuandondiidedrindiu
NININT LU qUﬂiﬁﬁWﬂwm‘%amiﬂizmawaﬁh@% (Goosgle Creative Lab, 2020; Kingma & Ba, 2014)
nuAevaneTuldBusudneninyes Teachable Machine fislugnunsdaaiumsieusuagnsUssgndld
$1UA39 19U Chen et al. (2020) nuinedosilodveligidouilifitugumanadaansadlawnfevesnis
BoufvesaiasiunsnaasaBsufiR Kurz et al. (2024) uansliifiudn Teachable Machine Wwenusiulaves
atiaeu Al luszdumsfinuduilugiu uag Yim & Su (2025) Fliduiidvsslemisenindounsaeu Al lussdy
K-12 uenanil Teachable Machine fagniiluldlusuidedumsdsiingsng 4 1wy n1s3swdiavesun (Wong
& Fadzly, 2022) uazn 53dadememsunmd Wy nMsnsinaoudnuazvesauiitisosily Ueong, 2020) dauandli
ufsmdanguuazUszaninmusaatesilelunarnvansuiun
lunismunlunas 3101899195 1519 Teachable Machine saufiuinaila Data Augmentation 3
anuddnemsuidamanulsiaunavestoyauarnisifinanumanimatevesysiin wadafinaniasoungquis
nsvuAT USuuas Wiadayanasuniu wasnsusuyutes Ssiean Overfitting uaziiiuanumunuvesdlana
U778 19U Ge (2023), Alsiyeu & Duisebekov (2024) uag Dineley et al. (2024) wan sl 15 w71 Data
Augmentation Slduteifinauusiugivediina TSR Idoeeditaddry
MNMITUMWITIIINTTILAL TR e Wudn Teachable Machine Wuisasilefifidnaniwlums
fimulunadmiumssatheanas fedumeimedldiuie anuannsalumshouuuiulaghidesias
wovliuas uazmssessuandnenssudimne fudedrindunineins Teachable Machine 3afuia3asdiofil
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Anenmgedmsumaiauliaaidndheanasluuiunass lnsanelunguildnlifitugudunmadsuldsunsy
widpanassEuUTunUsEIAVATUSEANSA M

4. NIBUKUIAMIIUINY (Conceptual Framework)

Traffic Sign Data Sets o Automatic Traffic Sign Classification
. > Model Training > .
(Independent Variable) (Dependent Variable)

A 4

Using Model for
Prediction on [
Web-Based Application

Export Model from Measuring Model Performance with
Teachable Machine Accuracy, Precision, Recall, F1-score

Figure 1. Conceptual Framework for Traffic Recognition System

91 Figure 1. wanansouuIAneiTelneilasadrauunfngai

1) 6i94U5AU (Independent Variable) L{jusz’fa;ﬂamwﬂflmiﬂﬁ]iﬁgﬂswi’;mnm;m]”agammgm
German Traffic Sign Recognition Benchmark (GTSRB) qfammmmaﬁwamﬂ%’mﬁa GTSRB laanniiulad
N9A13 https://benchmark.ini.rub.de/gtsrb_dataset.html (Stallkamp, 2011) LLasm‘wmstuUssmﬂima?ﬁéﬁéT&
L‘f]uQLﬁUﬂWWLﬁ:JLanLm LﬁaLﬁmmwwmﬂwmmaﬂsﬁmﬂa

2) nszurun1inlulaa (Model Training) ii'fsﬁagamwﬁlm%‘auﬁmi‘]ﬂaauhma HuLwanWeosuy
Teachable Machine Wislaunsasiuunusznnuastheasasidegnauug

3) §uU5n 1Y (Dependent Variable) luinaiildaganinsasuunthoasasussandng 4 1¢

4) Myiauszansnmeesluna seuuduunteasnasenludd asnsainnanie Accuracy, Precision,
Recall wag F1-Score

5) Export lanaeonann Teachable Machine 1u TensorFlow,js neustanssulasadrafules
‘ﬁugm

6) thlunafildnadwsifianannsilndas Teachable Machine Tuianiduiuweundiadudmsu
N1595293Uuazan T899 50Ul R luan MKINA NS

5. 38AUUUIY (Research Methodology)

BndumAdowvsesniiu 2 wdelug) fe edesdlowargunsaiflilumiids wagnssuumsiauuas
wisulanea Tasnszuaunsiivsznoudae 4 daudidy Wi (1) mswSeudeyanniieasasuagnisinmemy
Foyaosaiflasiaine (2) maimuasiinaeuluinanisiSeuivoansodasldunaniosu Teachable Machine (3)
maveaeuling warnsiaiuvuasuimsteyanansvhuenuszuugudoya uaz (4) Mseanuuudiufnge
fldanu (User Interface) wlalianansaldaulunaluguuuuduueundinduldedisasaanuagiiussansam

5.1 in3asiiouazgunsaiitlélusuise
uisedldiededeuazmaluladnarnwansUssnmitemussuvansiiieasnassnlufduuiuued
waiadu nsuvseandu 3 nqundn il
1) wdasiiadmiuniswanniuled 191w HTML way €SS luniseenuuuiasinumlaswEdiswes
Vuma drufiasierld (User Interface) Wannlagldniwn JavaScript dieinanuasnsalunisldneu wu n1s
wananan1nLaza1nusiula (Confidence Score) wuuiiaalngl dmsunisuszananad wdsniies 14 Flask
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Framework Tunsdants APl wazaauaumssudstoyaseviedldfuline wioukld Nerok lunisasadadi
Uaensaiiiesisanuasmnlunsvageussuukiuaetedumesidnnieuen

2) m'%"aqﬁaﬁw%’umsﬁ'ﬁumu,az'c’]naauiumamiﬁﬂuﬁﬂjauﬂ?m 14 Teachable Machine §uu
unanlosuiiiaunlng Google Wieasslunalaglidoadeuldn onUszinn “Image Project” dmiumssiuun
sUnw Inerimuadmnsiiesnisiln loun auiangy (Batch Size) 16, 91u3us8UNSHN (Epochs) 50 wagdns
131383 (Learning Rate) 0.001 Famnzaufunmsinuuiuiuniees demsinadedu lunaszgndseaniuy
sULUU TensorFlowjs tlesasiunsuszananailslaaleuduuivueundindy

3) Lﬂ%‘la\iﬁaﬁ'm%'un'ﬁ‘dizmaNamwLLazmﬁﬂmsifaga 14 OpenCV.js d1msun1sdnnITnIn Ly
nsfunmannndes msuiuuas waznsinvey ewdsudeyaliegluguuuuiimnzaufunsuszananalag
Tina 91n1fuld TensorFlow, Keras wag NumPy d1mdunisuszananatd esswduaznisnaaauluiaaly
anmmwIndouiidudeu Wannuazdanstandw PyCharm daduanmwindonnisiamiuuuysannis (DE)
sesfulavsnidunsFeudvonnies luduvesssuugiuteya 19 MysQL dwiudaifudeya wu Jethe wanns
Fuun uaznaniivihnmswernsel Tnseenuuuliiiauduiusidonlosiuetafussuu Wielvaunsadenlduas
Inrzideyadoundildognediussdnsam
5.2 NTZUUNTNAUILALNTULULAR

1) nswssudeyatheasnas

iddeilldgndoyanmieanasinasunaman Idun grudoyaninsgiu German Traffic Sign
Recognition Benchmark (GTSRB) waznwaedneasiastudseimelnedinuisod ldsiusamd iy o ol
asounaudnuuztheldasdutiuniesiu sauin 17,440 nw aseuaqu 27 Aana (3azBenlu Table 1)

Table 1. Data Sets

ID  Signs Types Thai Name Engling Name  Amount
1 $1imA52 30 Speed limit 30
Red Mandatory Sign — Symbol Type 250
Vs Y i N3L/Y4. km./h.
2 f1imAs: 40 Speed limit 40
Red Mandatory Sign — Symbol Type 1,000
vos Y i N3L/Y. km./h.
3 d1imAN51 60 Speed limit 60
Red Mandatory Sign — Symbol Type 816
Yo Y i N3L/Y. km./h.
a4 ® Red Mandatory Sign — Symbol Type  Wu@a81911 No right turns 1,251
5 @ Red Mandatory Sign — Symbol Type #1111 No entry 1,091
6 ‘ Red Mandatory Sign - Symbol Type ~ ¥uvgnsn No stopping 500
7 @ fed Mandatony Sien - Svmbol T Tsoguman  Let incoming 791
ed Mandatory Sign — Symbo e ,
Yol Y P DU traffic go first
8 @ Red Mandatory Sign — Text Type hER Stop 250
9 @ Blue Mandatory Sign Taedne Turn left 1,151
10 (@ Blue Mandatory Sign a1 Turn right 500
11 a Blue Mandatory Sign Tigadny Keep left 311
12 @ Blue Mandatory Sign ANAUIA U-tumn 250
13 NIWAUTAN
G Blue Mandatory Sign e One way 630
14 ) TWnsdluvdeiden  Proceed straight
‘9 Blue Mandatory Sign . 253
L1y or turn left
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Table 1. Data Sets (Cont.)

ID  Signs Types Thai Name Engling Name Amount
15 Blue Mandatory Sign FNUINITI Pedestrian crossing 250
16 LN
Blue Mandatory Sign N Bicycle lane 250
17 <f'> General Warning Sign N9LASN Right curve 750
18 o - Beware of bouncing
<‘> General Warning Sign ousanszlan hicl 250
vehicles
19 o yuenAAnuUsy  Main roads intersect
<:> General Warning Sign i ° 2T sh 750
ina T shape
20 ) ) o o Secondary roads
<'|> General Warning Sign MUBNANNU it t i q 750
intersect main roads
21 ) General Warning Sign WA Roundabout 877
22 o Talumstense _
@ General Warning Sign Go left or right 897
U
23 o v o Narrow path on the
@ General Warning Sign NNUAUATUIY ft 750
e
24 o methumesaln Uncontrolled railway
@ General Warning Sign - 4 . 453
lafia3osiunny  crossing
25 @ General Warning Sign drygalvasnas  Traffic signal 627
26 ) ) LURYUBUAR City limit produce
General Warning Sign mq;“%j q 303
spee
27 Orange Warning Sien — Text -
. s A AnAINAULIT Reduce speed 586
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NNTIATIzEnUiI U nlusazaaaliaunadu (Class Imbalance) lngunspanaiinmioy
N1 100 A vuzAivseaadiinnnd 500 nw ansliaunadornvililiueaiianissides (Bias) TuSseaadiil
Joyaun eudlodeymil Suhwaila Data Augmentation mLﬁwﬁaaﬂaiuﬂmaﬁﬁﬁﬂmuﬁaa WU NITUYUAIN
(Rotation), nsagvioun1n (Flipping), N13U5uAIMETINe (Brightness Adjustment), n1sudasuses (Perspective
Transformation) uagn1stfiadayayaisunau (Noise Injection) Ll arfiundumainuansvesdesyalaslsigade
AANYUEd1AY Smideanilym Overfitting Tnereunsiin Tédidunis auazentaya (Data Cleaning)
dtoaunnitlaiawysal i waeifuly gnunts vieildyanasuniugs visnsussaanarisun sihlfldgadoya
Afnwluudagaaiasening 250-1,251 nw uazUSuruan iy 224 x 224 fina Fanssiudorivuadune
vasan1Unenssu MobileNet

2) nswsulaealy Teachable Machine

msfndfiunisuuunaniesy Teachable Machine lnsuendeoyaidu atln (Training Set) 85% waw
YANAEBU (Testing Set) 15% maq%aaﬂaﬁu’mm mstintumasuiusemsdenyszinniusandidy Image Project
dauliadunssulnannintieasiasniaudanguaiunata wu dreven dreinudi niethafiounsles
Mntudsimsiineslnglst Batch Size Wiy 16 1w Epochs winfiu 50 wag Learning Rate 11111y 0.001

3Rl Epoch 7 50 iudinansfiasnaszninenisidousifisaneiunisdosiu Overfitting mn
fmune Epoch foaiAuly 1wy d1nd1 20 Tueaeadiliaansadugunuvvestoyaldegrefiuszansam
(Underfitting) Iu‘umﬁmi&mﬁquﬁﬂﬂ Wy 11nn91 100 e19vilARTm Overfitting Tnsiawizlunsdlifiyn
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nsranefvesdeyanardyyrusuniulad warldmizernudiles wnzdunsinuuwiuusiwes anvanly
nsUsEInanauazimuaNazadnlunsldau lnsanzed1ed dluvsuniiddesidadunsnens luved
Learning Rate fnuali# 0.001 Fuieifurnimunzaudmiunisiausiufudane3sa Adam Optimizer
(Kingma & Ba, 2014) 1itelsinnsandmnugade (Loss) ilulusgraaios Ing Adam Optimizer 1udane3sui
Teachable Machine ‘L%Lﬁuﬁugwﬂumi’i‘]ﬂiuma (Google Creative Lab, 2020) Ineifin Learning Rate fiszsiuil
Tnadnsfiatios Samefiasyiili Loss anasniglusiuu Epoch fitnun warliidniuluauililumadiuand
wingas (Overshooting) nnasasiiAuly 15y 0.0001 lmaaglFinaifinuiu uasmndsengaiuly Wy 0.01
019v1 Loss unteusliiiafios mevdsannisdamnavjuaziarmiimeinisiinidouiesuds seuvasidu
nszuunsinluealaesnludd Tnesznineanisiln szuuazuanansaw Accuracy wae Loss wuuisealsl wislii
AanuanuAuniile ndsinasa lueaaiunsadeeenidu TensorFlow.js dwmsuldauuuiu v3e TensorFlow
Lite dwmisugunsainnm
3) managauluna

nsnagouldyadoya Testing Set AnonliRausisu ioUssiduussdnsnmnssuuntisanasiild
weldiusnrou 1ngldsasangn laun Accuracy, Precision, Recall tag F1-Measure wenaNLsaadne Confusion
Matrix 1ileAiaszvigauds enseu uazaruduauestunalulsiazaana wieunsisaoumuiafiosvesnsFous
H1unsIl Accuracy Ua Loss iileszyiuali Overfitting %3 Underfitting Insfiansananiuaonadosszsrinei
AN IR nLazyanAdeUl UL TOUN B ﬁ?fawamﬂmimmaauﬁwmngﬂﬁmﬂsﬂumsaﬁﬂsw
na waziasananmzaednadmun iU dussuuiueundnduiivun

4) msilumaluldanuass

mendsaniluaalddunisiinuazdseifiunands nuidedlfilnealudsegndldluszouiuned
waladu el ldnuausaduuntisanasanamaeniennndeaivueilduuuizoalml Inglidndudes
Aasmsgendufifini uaraunsolfnuldihuiuusimesmluvugunsainnsgu wu eeufiunesldadn
wiuiden vieauinluiu Tneluinadildanuwanmie s Teachable Machine azgnasoonlugunuy TensorFlow.js
Fauseneudelugd json uag bin dmsuldluildlaaieud (Client-Side) Tnglsifesianndsnineslunisuszuiana
ndn Meilunaszgnilaadlulén HTML uaziFonldausiiu Javascript APl Tasfin1seeniuudaufnsiofld (User
Interface) lWanu1snuaninInainndes naesderuuansdetefingrany wouaninusiula (Confidence
Score) dladeuardonnumunsldognsdaiau

msUszananan wadunMsiiundesuuisualngl (Live Webcam Feed) Inglilausn3 TensorFlow.js
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Uszananawuy Single-Image Inference Tnsuansranissuuniiuiiinsiinssdiadadu ndeutednsdaiu
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fanelawarenuiymiiiuwuunesuanudadiu deliiaunhdeyaildluuiulsssuulinevaussdons
Tulang i Fansiauiszuu ladinseenuuunt User Interface Tunsldauss Figure 2.
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16:52
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Scan traffic signs in real time

AA & 24-121-172-42.ngrok-free.app .
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prediction results with the system
Figure 2. Web application user interface
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Fldnatsisy azansnsaidon wy Home teiingnihnsidenyszianuestiensas wasanunsadenlinundes
Wievinsviunetheasasladsiusnglunm (o) Ussiandtheuazndeswinunethe Wedlénaduiinndes szuu
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UsgLanwasdng wiounanmansyiniuneLA3 e sinea5193 A (d) wievmngldiden wuy Scan lumih Main
menu szuvargldluSmidmsunmsvuetisasasdafiuandunm () wWuiulaessuuazuanssans
vwetheanas Sassneumetethsnsas wasmauuiuivesmsviiue wiouuaduluSindoes edu
amagiuglng dmnm (© waninsdenussinnvesteasnas lngszuvazianiauuziiuasigaziden
Fenfutheeseslulssaniigldidonssnsesuiu wazgavhelunsdiilfiden wy Setting luwih Main menu
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6. HaN15338 (Results)
nan s lunag iU wunUsznnvaslneasnasenlulia lagldiasaslie Teachable Machine
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I i Ao Y i 1l v & 1 o
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Uszanana wadnsn1shuedeasasgnindie wnindanuduau (Confusion Matrix) Feuanslana Figure 3.
wadT InUsEAnEAIMENg 9 19U Accuracy, Precision, Recall wag F1-Measure wanstoyafiinling Table 2.
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Figure 3. Confusion Matrix

Table 2. Accuracy, Precision, Recall and F1-measure

Class Class Name Images Test Accuracy Precision  Recall F1-

Samples Measure

Speed limit 30 km./h. 250 38 1.00 0.95 1.00 0.97

Speed limit 40 km./h. 1,000 150 0.94 0.99 0.94 0.96

Speed limit 60 km./h. 816 123 0.97 0.94 0.97 0.95

No right turns 1,251 188 0.99 0.99 0.99 0.99

No entry 1,091 164 1.00 1.00 1.00 1.00

N PR~ WIN |-

No stopping 500 75 1.00 1.00 1.00 1.00
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Table 2. Accuracy, Precision, Recall and F1-measure (Cont.)

ISSN 2985-1580 (Print)
ISSN 2985-1599 (Online)

Class Class Name Images Test Accuracy Precision Recall F1-
Samples Measure
7 Let incoming traffic go first 721 109 1.00 1.00 1.00 1.00
Stop 250 38 1.00 1.00 1.00 1.00
9 Turn left 1,151 173 1.00 0.99 1.00 0.99
10 Turn right 500 75 0.97 1.00 0.97 0.99
11 Keep left 311 art 0.98 1.00 0.98 0.99
12 U-tun 250 38 0.97 1.00 0.97 0.99
13 One way 630 95 1.00 0.99 1.00 0.99
14 Proceed straight or turn
253 38 1.00 1.00 1.00 1.00
left
15 Pedestrian crossing 250 38 1.00 0.97 1.00 0.99
16  Bicycle lane 250 38 1.00 1.00 1.00 1.00
17 Right curve 750 113 1.00 1.00 1.00 1.00
18 Beware of bouncing
250 38 1.00 1.00 1.00 1.00
vehicles
19 Main roads intersect ina T
750 113 1.00 1.00 1.00 1.00
shape
20 Secondary roads intersect
i 750 113 1.00 1.00 1.00 1.00
main roads
21 Roundabout 877 132 0.98 1.00 0.98 0.99
22 Go left or right 897 135 1.00 1.00 1.00 1.00
23 Narrow path on the left 750 113 1.00 1.00 1.00 1.00
24 Uncontrolled railway
) 453 68 1.00 0.98 1.00 0.99
crossing
25 Traffic signal 627 95 1.00 0.99 1.00 0.99
26 City limit produce speed 303 a6 1.00 0.92 1.00 0.96
27 Reduce speed 586 88 0.98 1.00 0.98 0.99
Mean 98.93%  98.89% 98.93%  98.90%

Citation:

910 Table 2. uanswan1sUsziulszdnsamasslunadiniun1sauundieasnas 27 aand Lawdl
swanBundeyavesusiavaana dail
Class Name: wanstvesiiensasiisnuun suvienun 27 Aad iy “Speed limit 30 km./h.”, “No
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naaeuliaa way Test Samples: wansduiudegslugadeyanaaeu (Test Set) vosusiazaaia lagldainnis
LLﬂqﬁﬁagaﬁv’mmLﬁu 85% a@M5URN (Training) WAz 15% d@msunadeu (Testing) feoenelu Aand “Speed limit
30 km./h.” flanwitanun 250 A avfinndvunageu 250 x 0.15 = 37.5 ~ 38 faetne luvazfinand
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Accuracydass = True Positive / Total Samples of That Class 6))
ACCUraCyass = ATUULUINLEIVBS Confusion Matrix / NasINveILaluAAATY (2)
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wlfuanasedwaiiioslutasdureinisiin Sadudyararlumaausaufudmiminldegaiuszansam
wazi3suizUuuvresdeyalditunudiiu dmsuaarugyidsluganaany (test loss) wuiniluualtuanady
Snwagadoadatuyeiln Taslidnmaduduludisievesnsiln fsvsiilunadanuamselunsidoudd
aonmdasiutoyalul uazliiiname Overfitting fso1aUsngmnaarugndslugmaaeuiutulurns e
gatlnanas Ingsaunsiilu Figure 5. azvioungnssunisisouivedunaiiuszansam fiafosamlunisiin
wazansnanauAanainlietssoissmasanszuiunisiln 50 Epochs @ satiuayuasmanzaLvas
wiswesitmun uazuandsivuitliaaianuannsalunsiuuntisanesldeuiugluanenslénuats

7. @3Uuaraiiusnenan133de (Conclusion and Discussion)
7.1 a#5Unan153dY
neiseafsifingusrasdifiofauilueanaifoufiddndmsuiuundssianesdisasaslagld
unanwlesu Teachable Machine Faduiniesilefianunsaiindsliine Tnglsisonuuunszuaunsiiudeya utsyn
foya eUsudiulsyavinmmunsssuu wariinlunademsfvesiugiu Tau suwanguwinifu 16 S1uuseu
n15iln 50 59U uazdmsINsIFeus 0.001 FududrilmnzaudmiunisinTumalusedugliialy Tasamnsa
Uszanawalsis bildnsnernsinn uazlvinadwsifaruuiudufiosmeluuunvesnisldaueds
wansnaaesuandliiiuinlimasunsaduundisasnasided auaiug [EERGRIBE] 89843 Accuracy,
Precision, Recall kag F1-Measure a&m 98.93%, 98.89%, 98.93% Way 98.90% AUAWU UENINE NISUANIHa
K1 Confusion Matrix (Figure 3.) Suaeoufiumuannsavedunalumsusnussfsmzameesasnaa
I¥eeaiivszansniw Faaenadastunanisuansmuiiusinglu Table 2. fuandliifiuiinanadnlngiaadn
fananeglusziugeegiedaiies lunamansaduuntsesasisidnuazunnsiisiuldegregnies Tnslans
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Aanaiidmndegraiissweuariidnuaiauda 15y “Stop” uaz “No entry” @4l¥en Precision uay Recall g3
fis 1.00 agalsfinny lumaddiunliiuiiazfinenudvauluaanaiiidnuvaglndifsiu Wy Tredinanu
Tutas 30-60 Alawmssiodalus Fedaraliien Precision 13 Recall vsunInanadNIINAsTRABIENTo dauns
\WasuwUaswesraruiug (Accuracy per Epoch) waganmugayide (Loss per Epoch) wUsmg‘Lu Figure 4.
wag Figure 5. LL?WNLL‘u’ﬂu@m‘U@Lf\]umﬂiuU’JumiLiﬁJUiﬂLaaEJi 10y Accuracy meuamwaLuawumaﬂm
AsiluTas Epoch 7 45-50 wauziien Loss LLamﬂﬁamawaqmmmgﬂymyammaLuaﬂuizmwmiwﬂ Fatedn
Tumaanusaviuamsiiimesiviannunarniadoussnineaainnsaliuaessldedsdussansaamelusag
nsilniiles 50 sau Tastawnzluzas Epoch usn 9 reufiaziingnnziadieslugisie
7.2 afiuseHan15IdY

INNANITIATIEN L oiaNT T usENIng Figure 4. (Accuracy per Epoch) wae Figure 5. (Loss per
Epoch) agnuiluinaiinginssumsiseusfiaenndeuazuanunliudainesiifoddynasanszuiumsin
50 50U (Epochs) IngA1aduusiug lugntoy alnuaznaaey (Training Accuracy wag Testing Accuracy) il
wualtuisdusgsdeiiios Tuvasiisanugads (Loss) luisaesadeyaiuwiltuanasegiaiung dnunses
nauanadnlunaaiusassug teyalaesgedusednsam lngluddyyiuvesniae Overfitting n3e
Underfitting Ssiinusingluguvesanuunnsnsegnadidoddnyseninsaanuwiuivomsiinuaggamagey vie
NSUENTAN19Y8INTIN Accuracy Wag Loss Tugaeingveanisn

13703 Accuracy 1lndrngean (1.0) uazn3 1wl Loss anaagAniinnegusalilos azviouiluiag
annsnaiailsddunisiFouifimnzauiuteya wariinnuannsaiilyl (Generalization) fiseteyalmiflsiae
Wiusnrey uenanil msiUAsuuUaswesnsmiisassuansiis UssAvsnmesmanfimesnisiin wu 1uu
Epochs, AN Leaming Rate Lazyu1n Batch Size Fagnimualiiimanzauiudnvazvesdeyanaziniosleld
(Teachable Machine) Baran1siinsizsidananatiuayuaudniavesnisld Teachable Machine Tunsiamn
Tuwadwuntheasas Tnsuandsiiuinmsiinlueaaansadiiullfesnssiaiosnim wasussquanisiGousis
A neluduiu Epoch iz Tnglifedlinszuiunsusuguittudeu

agalsfinny ulfnmsuvesuszansanlinaszegluseiudunn widmudedinuisusznsiidinasie
auusiusiluueana lnglenzaaaiisaunmiiesriefidnuaradefuaatadu wu nguthedineiu
filnnuunnssiuiissiaiay dumaliAansiuneianainseninsnananidnuaslndifssiu Fsanansadanls
INFMMUILBNLUIMLES (Off-diagonal) Tu Confusion Matrix awgnanvesdayymidsnaiunainanuliauna
vostoyaluusazaana Saursaanasinmdiuann vazfiviseanaddsiuiutiosnin 300 am dwalilunald
mwddyiuaaarisideyainniiuly uazilemaaziasnanadifitoyadiin

8. Yaiauauuza1uIdY (Recommendation)
nuATsatuiufasuszavanudnsalumstanlunasuuntisaasilinadwiusiuglussdugs us

Fensdidedriniimsidsunisiionsanuasuilalunuidedaly Tnsanzedraddulssiiubes anulsiaugaves
F1uudeyalunsiazaaia (Class Imbalance) Jaymsananddawasiadn Precision wag Recall v93u19AANAT T
dnvaglndidsstundedisnummndiie SsenavilfiAnnsiueiauasananuuiudiluanumsalldanuaie
ieliuuszaniamvedlunauazanuansznuaintam Class Imbalance Fwvaiausuwimslunswausely
il

1) M3dnaunadnuIudeyaluwdazaata msnseugadeyalidduiunnluwiasaaialndifissiu 1
300-500 MsienaTa WleanAnuaLSewedluiaa uazifislenalunisiiouivesnanaiiivoyation

2) nsldinadia Data Augmentation dmuaanafiisuiunmlsiifiesne masUszyndldimadain
fogya 19U nsuyuAIN NANAIW Usuuas uazmsvenenm Wileiuaumannvaneuazysunaesdeyalaslsl

U

Roufutoyaiiiufiu
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3) nMsfinsadentdindesiiefianunsaiinun Class Weight 1¢f @ Teachable Machine a¢lsidnly
vuadmiinvesuiazaaald wimndelulunanrlesindu TensorFlow i PyTorch tinAdbanansnuiue
duthmiinlifunaaiiiteyatosld ielilunalinnuddyiunaaaeseaunasnntu

)miﬂsumumamumumafqﬁﬁuaagamauaﬂwau@a ileruindetiovedluina AITUsEIEUNAMIEYR
Foyavaasuiiosnuuiliusazaaaisiuaunmiin q fu iendnidemadwsiign Bias :ndeyaLiu
Tavagy winuifeiasussaunadusalumsianlunaiivssansnmgsdmiunissuuntionsas ud
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