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Abstract
Purpose: The objectives of this study were to design and develop the public bus complaint
classification using the deep learning approach and to assess the complaint classification
accuracy.
Methodology: This investigation began with the design and development of public bus
complaint classification using deep learning approach to create a binary model for dividing
words by deep-cut algorithm. After that, all words were transformed into a word bag for word
indexing which could calculate keyword weights for classifying statements to mitigate the data
duplication problem with t-SNE method in order to make distribution of similar words for
formulating 7 classes of public bus complaint classification.
Findings: The findings revealed that all classes were found to be accurate at 90%. However,
the service provider class which received the largest number of the public bus complaints
achieved its accuracy only 83%. This resulted in a variety of different information based on
the user context. The comparison between the deep-cut algorithm and the fast-text algorithm
showed that they both attained the high accuracy in the same direction. When measuring the
accuracy of the service provider problem tagging, it was found that the accuracy reached good
level. This indicated that the public bus complaint classification with deep-cut learning
approach provided accurate results, especially the accuracy of one complaint per one issue
due to the suitability of the issue terms which could be defined by the context. On the
contrary, many problems found in the study were caused by duplication of terms in some
classes.
Application of the study: The study findings are of benefit to responsible individuals for
improving their services to meet their user service needs.

Keyword: Text classification, Machine learning, Deep learning, Public bus
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yaefi fennd 2 wansdnwarmsihaulagldfulssleasedieie “ane 185 Sidn-nasuay

drunnldeanthe wasuny wouduriugasn”

Skip-gram Model Target word (Center word)
99
Precict 4 Hp Predict Window Size =2
a1 | 185 | 538 |maaawne |druunn | la e | u. |eldunu | wou | Fu| ru| 52| Ba
Context words Context words

AN 2 NMFYINUTOIRUUII8D Skip-gram

1NTUAIMUA WINDOW_SIZE=2 iiengnuaAIvainIsandaninuiiazasiazlagnauien
(Overlapping) (Zhai & Massung, 2016) vasAntnuteludnwazADUNTILAZUSIAIAINTIUIY
nmuavesrdming @ansen 2

A9 2 HAENSAINNITFRTEANAIUUA WINDOW SIZE=2

No. Input Output
1. GRK] 185
2. @y $98n
3. 185 GUl3!
54, an 157

91N9115199 2 Useleadeg1ams “ane 185 S9dn-nasuny duinlivente w.asuny woudu

=

587 Wermun WINDOW_SIZE=2 agldynuasadnuau 54 518015 9niuszy 3 msfiwes

>_

A a

T dutiiotTonld t-SNE wuu Skip-gram (scikit-learn developers (BSD License), 2020) #1

=p.

' [
a 4 v a

ANFUAUAIL 1) AMuAAIERIINISeuS (Learing rate) Wiy 200 Wudaaildlunisuiusedu

AMuSINISSeusveslasatieyszanniisn d1m3u t-SNE dnedludae 10 §9 1,000 2) A1mun
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AudUE (Perplexity) Winfiu 30 Lilegn1snszatefivesnauinazdu (Probability) Sneglugia 5
§19 50 way 3) MUUATINIUNITIINGT (Iteration) Wiy 1,000 geandmsunsiiinussangam wilal

AIAINIT 250 WAANSAININS 3

AN 3 NM3aRdAveIUBYANIY t-SNE

PNANT 3 WU HaaNSINATHUIAIN T eazUseneuluniemges § dauauuin Weniu
NIEUIUNTaNIiATeIYaLanI8 t-SNE Walazuanimadayaniniug1geuiu dullleswnainduiuis
Poyadnuunnivivdeuiuluyadeya wiviniasanasluluneasiBenagnudi dnmsnseanedives

nguniauadreadeiuludnuusadawmes (Cluster) sulsduuulunisiinainuiunvesinnes

a

71 Wululuiiemaiieaiu (Euclidean vector) fsnwil 4 nguiidisunuumsiinainuiunvesniaes
Adululufiamafendu wu “lisen” dnusngswdu “the” uasdululuiianafsadudiin
“genliiain” “laethe” “wivn” uay “lithihe” Wusiu Saduiiumwesmsaiinaianisaeniuds
nsdanguadamesiiosuundefoaisusalasansasisnslunuddedul fvuaanuuida

sEAUANUTINElIVBILTUUIN1S (Customer satisfaction) ulunsaulunisdnngu 3 Verma &

'
1 1 =

Ramanayya (2015) na1971 LAg1989AUN15USN15VUEa1515ue T udeteIAlsEnaunan bawA
AUATBUAGUYBUAUNIT (Route) wazaudlunsiAuse (Frequency) Aetiu §Usenaun13gsng

ududessuidiuanudenislunisiiunisuasninensniifugliuinis laefia1sunanaunin
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n13UTNsAlAsumuAINA1Anisveanan danalinisiuitnanInyeiusnsngnaAlusagsie
azlasuainnisanfunisifeddu e19vzdauiianelavesdSuusnisuansdieiu L9y

ANNAZAINAUIY MUUANITUALNITANTLIIY NOANTTUALAUTNIS duvu uwazdededu q Wudu

aedlsAf usazesdusznaumalanunsalinudnvastos o livaiwogns dannsei 3

M19197 3 AaaNwzNgasTuAMN NN IUT M SUUdsEs 10U

Comfort and

Convenience

Schedule and

Operations

Crew Behavior

Cost and others

Aspects

Overloading

Notification of

Schedules

Courteousness with

Passengers

Notification of Fares

Boarding and Alighting

Following the

Schedule

Helping Children and
Old Age People

Returning Small

Changes

Seating Arrangement

Prompt Service During

Break Down

Rash and Negligent

Adequacy of Fares

Movement within the

Bus

Maintenance of

Vehicles

Appearance of the

Crew

Charges for Luggage

Driving Comfort

Cancellation of

Neatness and

Schedules Professionalism
Travel Time Arrival/Departure Attitude of the Crew
Timings in General

Luggage Allowance

Stopping at the Bus

Stops

vYa v

AINNANTNN 3 NI

Y

=

o

MNFFNATIENNOATUAMAN WAULTINUALENAINUTUNAITIIUT NS

salpeansansIsay ethuasiaduratalunisdnuntdasauseusalasansalsisue sansen 4

1

Boca Raton, FL, USA: CRC Press

U8R, 970 Public Transport Planning and Management in Developing Countries (111 109), by Verma & Ramanayya, 2015,
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M15197 4 MsdauaTeiiieasuauanyugmuuTunMsiuInIssalagasansn sy

ARE

AENEALY

AnasUIY

1) AANANSIUI

2) AANEN15IDNSUAS

3) AANAKIIUINTS

4) AANANISAUTA

5) ARNASIUN UL

6) AaaaUnsal

Twusnns

7) AANENINTANT

Jasiulsaseun

Rash and Negligent

Stopping at the Bus Stops Board-

ing and Alighting

Crew Behavior

Courteousness with Passengers

Helping Children and Old Age

People Appearance of the Crew

Neatness and Professionalism

Attitude of the Crew in General

Schedule and Operations
Notification of Schedules
Following the Schedule
Cancellation of Schedules
Travel Time Arrival/Departure

Timings

Maintenance of Vehicles
Prompt Service During Break

Down

Comfort and Convenience

Driving Comfort

Overloading
Seating Arrangement

Movement within the Bus

FusaUseum vaded liufuannung

95195 Tanuduiungruneivun

mMsvensasuddlingatie wwethe

venliadn linthe ldsensu

Aseunsen N5l Yndesrnugnin
wazAMUduiioo I nuaaninauiunay

nnaulsusnng

MSAUTD waggamrunemunanfinivun
MABAIUUTINUUALANULNE OB

SOLMUENTANTIT UL LAALLEUN

AN1nwazALNSaulunsIIUS NS89
SOlMEENS SINDNF WD LATRIBUR

AsUARNANY

anmuagaunTouvesgunIal
AMSIUSNS AIBaUSUBINTA Tl
LA3DI8EU URNILANEY aanlu

WOUNALATULETUFNG 9

M5UaINUlSATEUIN NISHIUTLELING
ANULEINDYDITINY kazUTanadlaeeansh
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AT 4 NMINSEINMVBINGUNTAIUAGIBAFATY

PNA15137 4 Bhanadsranaiiiedestunisieaseunuuunnsliuinissalavansaisisey
MudnwzNIINTEedvesnguifinnuadieadaiu dinmi 4 uiseeni@u 7 aana Laun 1)
AaaN153uT (Driving class) $1u7u 191 Todeu3ou 2) Aatani15aeniuds (Shuttle stop class)
91U 190 Taeeiou 3) Aanaxliu3nIs (Person class) 31U3U 262 TaFodiieu 4) AAANISLAUTA
(Bus schedule class) 91u2u 126 90509138U 5) Aata@g1un1nue (Vehicle class) 4771 125
Ta3pusu 6) Aanaaunsadliu3nis (Equipment class) 31Ut 87 U850458U WaE 7) AANANINTNNT
Uasiulsaszuin (Prevent epidemics class) 91U 39 195091581 muvTunnsliuinissalagans
ansnsniz MnduvhmsuUasusazaaalvieglusuuuuluund (Binary) Usznaudae 0 uay 1

=

4. wansAnen
mATeiifgusrasdifieeanuuuuasiauinisduundedosisusalasarsasisusdas
N5L38USLAIAN UarUseliuAIIUgNABIVBINANITIILUNTDT9LT8UTALALANTAITITE WUY
nansAnwuernIseUTIeNa Ssandendel
4.1. PanUUUKATRAININITILUNYa3TEUTAlAYH1TENS15UEANTSITEUSLTEN
vhungUszianannssuundeya (Classification model) Asmsneneudadeyaiinszdn
nszaelidnfumnavyiignimualiasmih silslusuuuunisduundeyaildsunuden iond

msdaswunuuuluung Binary classification) (Albon, 2018) {Wunsiansandaaangidinael
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wazliidunuel wsonguinlvwaznguitlily naensuduteyalunguuasuanngy winn1sdawun

Usgandanandnisivuandninaudiivnua lidaiau agldndnnisiansandeyasniegiung

e

¢ o

(Rule-based classification) wininnisinuunngudeyalalidiinisiivuanginunidaiau
g3 ududedldinaiinresnsiSeuivesaias (Machine leaming) Linanldgiefiansandeyatiu 9

1

Ifunltiufazeglumnenyla Janedadinandniudesefoanuunndsiuresdoyassning
aosnguifidsiansan

msdaduunuuuluun’ aginisuvasdoyalveglusduuuluund (Binary) Usznousie
0 uag 1 madafiugrunisiildlunisdanuanny 1dun wmadanisieszsinisannosladaind
(Logistic regression) (Raschka & Mirjalili, 2017) Fodunisnetorufiaduldesdnusya
(Sigmoid curve) Tidrfuteyaassunniiaainivile sevdnmsindefunsiasizinisonnes
\Badfu (Linear regression) Faufiunswensuiinaunisidunsadifudoyasss dsiiunnsradodoya
fuennnisinsanaesladafing dudunsiuiessnined 1 Quinas) uag @1 0 (Lonunas)
Turaeiinsiueannsinisanasedaduiu adldanmsvueeradudsuasle o Alé
diglsinaannisvhunelnenisannesladafndiiddu o wie 1wty Mudsiidmasonisiung
wwgnimalinarsifumaniandu (Probability) T1edu 4 faraudululédfandu 1 wila

(Kleinbaum & Klein, 2010) ﬁﬂaum'i‘ﬁl 4

1
PX) = TS B (@)

NENN1SA 4 Msthaunisannvedady luuvua vesladadndilendu (Logistic Function)

Farildoanunazliasenin 0,1 viilviaunsavihuegnmsiwundeyald danini 5

Logistic

function: i O ————
1

H2) =35 =1

— 0 + 00
4 I )

AN 5 TULAANNSOANBELTIAUN LONAINNLNUAN?

2 yBLE. 91N Logistic Regression A Self-Learning Text (i 345), by Kleinbaum & Klein, 2010, New York: Springer Sci-

ence+Business Media LLC
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mATetuisuundedesSsusolavasansisardiesanasiiu deepcut nlautd scikit-learm
(Raschka & Mirjalili, 2017) meuqﬂ Lﬁ@%ﬂaawszﬁm%mwmaﬂuLmamﬂmﬁmiwﬁmmmaa
ladafnduetosoasauliazaand n15inuszansamluwna (Manning, Raghavan, Schiitze, 2008)
22¥AA191NANAIN190909015158u589LAT e (Machine leaming) s1uiTetutiidonTden
ANgNFeY (Accuracy) Wundnlunisianalunissuundoyauuuluund (Binary classification)
vinefalunaiinsimundeyausazaaadutomiu (Label) Aunuaaralsild (No) 18u 0 uas
aanald (Yes) 1y 1 Fawadnsannisiuevedumaszveninilonafiazifunata 1 Awesidud
auAtAdesy Feimdand 0 89 1 Tnefmuadunadng (Output layer) uuudnusea (Sigmoid)
windlendetu (Threshold) 1nnda 0.5 axviueindumana 1 Famleainnise Confusion matrix
(Raschka & Mirjalili, 2017) waninan1suszfiunadnsnisiunefunadnsase q Aluwadiwunle
49157971 5

M1519% 5 M1519 Confusion Matrix

Predict class

Actual class Class=yes Class=no
Class=Yes TP FN
Class=No FP N

[

nes1adt 5 dledinnsvinng 2 Ussan wanmsviuneanuaiiduldl@esd 4 vie fl
1) TP (True Positive) viungdls Ammanadviungde Yes wuulumaniiuiein Yes
2) FN (False Negative) #unagls araaaidnvunefe Yes wuulunavinuieal No
3) FP (False Positive) ningds mpaaidmuigfs No wuulinavinuigan Yes

4) TN (True Negative) #uneds Aaanaidimanede No wuuluinayinuigan No

o o

ntudunAwamaiindudenisinlsednsaimluwma Usenausieg 1) A1AIugnees

A [

(Accuracy) AD9

=

MWIudayanvituiegnlagfiansunsiunnaaia 2) Auudugl (Precision) A9
A1vasmLuuiuelignaes lnefiansanueniiazaata 3) ArMuATUNIY (Recall) Fod1uau

o v LY d' [ 13 a a = (% d'
N13n5EYA8AULUUNRSINUAINLLTUASY LlngRasaLeniiasaand aaun1si 5 6 kay 7

ag13lsAd ArAdusdiugnarAtauasuiuasiluysslevinedldnianauiuly nedldaglv

Y 9

] [ 1 1 ~ |

ANdIRyAU ArAuLtuguInnIa1AuAsuiiY esndlddulugfesnislideyaiilu

o

'
vYa v i

HadNSnseivdsndeenIsAumT wilunianduiu gavmussuvAumdeyaziiuluiiainiig

Y

' [
= ¥ Y%

AU WesndesnsissuuAumuazidenienalsiigndesanievaaivilauiniian Asudne
oA a a = I = =~ Y | |

nilsfeA1Uszansamlagiu (F-measure) 138 F1 score finnnnisidseuliiguiusenineining

wiugay AANATUSILYBILAazAanaLt e Wiallusnnsialaed (Single metric)

'
(%

NINANUAINITD YDA ALNUAIAIULLUTILALANAIUATUDIY AIFUNITN 8
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Accuracy = (TP+TN  )ATP+FP+TN+FN) (5)
Precision = (TP )/TP+FP) (6)
Recall = (TP )/(TP+FN) (7
F-measure = 2 * (Precision*Recall)/(Precision+Recall) (8)

NuITpFuilldn1snsivaeunuulydtiu 10 4a (10-Fold Cross Validation) (Zizka, Darena, &

Svoboda, 2020) Tnsuusdeyasenidu 10 ¥a Jeyayan 1 Mluyadeyanagau (Test dataset)

wazdn 9 Yafimdeldiduyadeyatindu (Training dataset) anntuldsugadeyadaluiluyndoya

| ~ A & v P S 4 g %
nadsudIUNaDLUUTATD YN NN Y G lUAUATUNT 10 % voYa Snstldudsndeuiieldan

Y 9

ANUAANAINYDINAANSAIINNTAURBNYATDUANTISEUTUALYATBUANAABU NAGNSAINITIN 6

AN5197 6 ANAINUWLUEINITNYINTUVDSDUSLUTOIAYAITAG T

da¥ae58usalagansansnsae Accuracy Precision Recall F-Measure
1) panan1sdud 0.936417 0.921417 0.918417 0.919915
2) AANANITIDATUAN 0.961841 0.946841 0.945341 0.946090
3) Aanagliusng 0.838597 0.823597 0.819297 0.821441
4) ANENITAUT 0.914877 0.899877 0.892377 0.896112
5) ANAIUNIAUY 0.982439 0.967439 0.958589 0.962993
6) aaagunsalliuinig 0.973587 0.958587 0.954337 0.956457
7) aanaunsnsUesnulsnssunn 0.984361 0.969361 0.959861 0.964588

1NATNT 6 WU HAN1TTMUNTBTUTEUTALAYATAITITUEVINUANAIINYNABININNTN

[

Seway 90 lnglangaanauinsnisdesiulasyuin daugnaedadnsesas 98 @onndeeiudnuiy

Aa o v PN

taioassulunaranidnuiutesiian lunanduiudianugndesunaiadliuinig dnnugnees
v A Ny ° Y v = a0 = 0§ v a

Weeiign Lilwssesay 83 mudtuiudeseassulunaraniduiuinniga vliAnauvainvaie
YeedoyanuanAaiuAINuTUNYely nan1susziliugenaiuandlunisie Confusion matrix

FININT 6
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Predicted label

I

&
@
S 4 5
'% - ]
5 9 = £ = £ 3
E & &g o8 P
# 2 £ 8 © E §
58 8 EE 5z b
m U o 4 = ia &
oo g g Geldd o
Bus schedule class {112 0 8 0 3 2 1 250
1 L EEl 8 3 B 1 1
Covid-15 class 300
i Driving class { 3 0 W o 1 0 7
V)
2 150
= Equipment class 0 04 6 3 5 0
= Vehicleclass { 0 0 0 0 128 0 0O 100
Shuttle stopclass { 0 0 0 0 D 0 -
Persomclass { 1 0 0 O 0 O
o

AN 6 1519 Confusion Matrix

a o

0614l5Ad fAfemaasaasunsnsaasunuuluiiu 10 4n (10-Fold cross validation) 1 3,
5 uay 20 sy nud1 Aeugndendsunlanfisndntesmusiuauganisnsaaeuiifisty
dumnriLsiug) LagaausEanudsuuadiunnsnsiusinntn
4.2. Ussiiuannugniesvawanisdnuundaiessusalagansansisue
\dlethuadnsannisfinduluaasenisonnssladaindunuuuuisufifiensnsal
fo¥oudsusalasansdaludfd lnevhnsdeulusunsuniwinsoudnads wddudrdedosdou
salapansansisay S 255 Memsiidmusliidugedeyanaaeuuuulivsngunnevluyadeya
fnelu (Unseen dataset) fiazsionsuuuiugy fadumsiuundeanuanlunadiliairsnisile
(Word embedding) fheuunAnnsulasdilvoglusuuvuinmes ilelsaunsasioudiouiuls Tag
1438nsAuaiiavesiify @ 1n1nusunaesiiseu q Iag Tomas Mikolov (2013) l#iaue
ABN19ET1IAILNULTIAMURUIBUDIAT (Vector representations of words) 31NLUIAAAIINKUNEY
vossdmildlulsslontuiinuduiustuanumnevasdifiogsoudne dren1sdounisadien
voautunluvslealagldinaialassdieuszaimifion (Neural network) 138041 Word2Vec i
wasluenanslveglugunnimes telansaiSsuiisuiuld Tnemildianumnowiloutunie
adefuaziiatvesnnesilndidssiu lunianssfudiudridanununguandsfuayi
Arvasnmasiunnaannauluiae Ussnaudie 2 wuusiaes leun CBOW (Continuous bag of
words) ua e Skip-gram Tus1u3Teduiild fastText AaouurAnnsiioudidednanuiags
(Bhattacharjee, 2018) ﬁgﬂﬁmmﬁwuuﬁugmmw C++ bme Facebook Al Research (FAIR)
WHuiadeaslelunisdruunteniny (Text classification) Lazdrsandiuiuiifveadondiu

(Text representation) figninewnsluaneae Pre-train word vectors @ wsuldauiuaiwlng fvh
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faa a

nMsAuaal fastText 9ndeyalutiulediafitie (Wikipedia) LiteLUSsutfiua1nugndesly
nsswundedoniousalagansaisisazaindanesiiu deepcut wdivinn1shauiinauaaiaiden
ez duinniign sansiduauinsied 7

a31efl 7 A1Augndesuesnissundesenisusalasarsaisisaesiesaneifiu deepcut

WSsuiguiudaneasiy fastText

anu  tUedeseu Aand
S0lAYANTANSITUY M3 M1999A JIWUENS Mg g gunsal wasnns
Uil Suds Wusa  wanue  Tusnas Yesnulse
S5UA
1. 543 laiaeathe  deepcut

0.045 0.805 0.153 0.040 0.007 0.015 0.022

fastText 0.048 0.711 0.059 0.053 0.086 0.078 0.071

2 Wiy 114 deepcut a5 0777 0269 0058 0003 0024 0028

li98m 63 way

Rl et 0060 0683 0013 0036 0278 0416 0253
Uy
deepcut
fastText
255.  ve.16 laifu deepcut 0040 0896 0223 0046 0001 0017  0.023
flowans fastText  0.053  0.801 0129 0047 0422 0406  0.400

1ANNT199 7 WU AIAINNYNABIYRINITIUUNTRTBUTEUTALAYATANSI T MEaNaTIY
deepcut Wisuisuiugane3iiy fastText daarugndedluszavas wazilululuiiamadeaiu

ae19l3Ad wiriAugndesaindane3iiu fastText axligunninifleisuiu dane3fiu deepcut
wasinsindudeyafisavsinanivledinfifeduneutiai Feliiinnisvenegedieenly

=

a819l5vaULn AudINaRaUIEANSAINNNTIENSNEINTIATRILaTaTluN1SUSEINaNaNtReNILile

Jieuusane3iiu deepcut masnautoyaluivlefiififonvilneiuldnuiidoudradumams
Jedanalvidoyatieglundsidmisinruigniegs uaznomhluliuselomilsiug
Fruifiosufiunanugniestesianisiuundedonisusalasarsansisuzainnisinudin
Jaymnslvusnmsiudeyaganeaeusuuliusngunnevluyateyatiniu (Unseen dataset) 3117
255 doanu lusuAtetuiiinisssfiunalasdidersiy 3 vinu ez 85 1en1s fnuaka
nsaauindaminisiruinnsunazteiouseu ImmﬂamLLﬁﬂﬂiymmﬂﬁU%migﬂé]’aqﬁy’wmmmm
aananfouseuld 1 azuuy lumeesesiudy mndaudindamnisliuinseadedesseulasuunly

ansies wiegneatuslinseunauussnulgmivianun foild 0 AzuuL KaN1TUTHIWRINITINN 8
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A13197 8 wauszdiumugnaesemantsiauindaymnnsTiuinig

Vi 1 Vil 2 Vi 3 Aade
N=85 N=85 N=85 N=255
v Sowaz v Sowaz v Sowasz Sowaz wlawa
74 87.06 72 84.71 4 87.06 86.27 AN

NAITNN 8 WU NansUsBiuAMugnABveanisinuindymliusnms eglussauiuin
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