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Abstract

A flexible public transportation system has the flexibility in the routing to pick up and
drop off passengers with no fixed routes. Maximizing the efficiency of the transportation
system requires the flexible routing that can direct a vehicle in the system to pick up
passengers on request and re-routing the vehicles in the system in real time. This article
discusses the model for the flexible vehicle routing for a flexible public transportation system
and the application of artificial intelligence for forecasting the passenger demand. An artificial
intelligence model, Long-Short-Term Memory (LSTM) is proposed for the forecast of the
passenger demands and their locations. The flexible vehicle routing with LSTM will help
improve the utilization of vehicles and the service level for the passengers. They can get
picked up and drop-offs with the minimized time within the time-limit constraints. In addition,
the model can be further developed into an algorithm, which can be implemented with

information technologies to better manage a flexible public transportation system.
Keywords: Flexible public transport, Flexible routing, Vehicle routing model, Optimization

method, Artificial Intelligence

Received: March 16, 2023; Revised: April 12, 2023; Accepted: April 20, 2023

38



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

1. umi

nsluinmssnanssaedizuuuuiiunnssiulunuiuiliuing fasfiasananuinvesdles
muuLLYesEYns wardnvaznsldnuresuluiiuiliusnsianugesnsinntoswile
T lui Lﬁmmuqﬁmﬂﬁﬁﬁummﬁlﬂmjmﬂmﬂ%ﬁﬂmstiiJszai’wmwmmimﬂﬁﬁmmmmzau

Wemnigldsalagansanssaeduiuliinniismewazagilnaiu vilinisldsalavansansisas

1% '
~ I

TusUuwuudsgimedisunusoniisnsuudaiaaag seaun1sliusnisi ldanunsanseunauitug
Liieane

aNaa v

N13UUAIEI5 ST UUYTEIINN (Fixed-route) dadumsnzauiunsaindaiudenistunisld
LuULuLayUSInasnn fegnlulssmalnefisadsedmdldodiann fe ngavmamiuas Sels
mnuazmnLAgiasansuaziAnanuduAlunsdndunisidesainanumuuiuarsuiuduniad
Aseungy winais1lugilleanifluunnsesadly 1wy Sminfivalan nisvudesedmadisnuaudiie

waglinseupguiiosannanulidudn Faiwndenuliazainveidenislduinig

Tuvagiinsdanisiduniswuudanguainganisllganialaglisasdignrealssdndanumanzay

' A 1% | i | a o . val
nilunsadinanudesnislunisldligauaslainuiuiy 91u3deves Petit and Ouyang (2022) 1adinns

a < [ 1 A ] . ) o
aAUTgUTEIIUNITIANISIHUN L UUEANEY (Flexible route) duusalagansaisisuzuazalny
WMUNgaNYRLUUTIA09E1e 9 Tun1smAIneuNafgn Fellanuaniziatzaslunstleednisinnis

EPVRNITIREVEN

| a ! O A ' iAo o A ' I3
sUsuuMsvudsa s sauzwuudavgululsemalneduiidiegwegndmindeding laedusuuuy
gfeiNsingasaunsaisensalaniugasiig o Wellsalagansisiy anuvinmeveslymiiussay

28l A N1959ARENlUNIULUTAINSlngaNsAzEUMI B lukazazHWaNle AuliTauYeIsIAN

e

wazmsdmdumdasmisisnsliuinisuglasasuaznslufsiimnevesusazlnoanslisnig)
Tuvaziiniuauduyulsinmign deauimedinanamisaganeulddemaluladnisdoans
\AAoudl 19U mobile application LLazizUUmiﬂﬁﬁamiﬁﬁ%ﬁwﬁaLLumﬁ’waaﬂ (Optimization
model) Tumsnidumaitodadifunisuuazdsilagans Salsivuaroifissne nadrdsszuy

a s & a1 = 1 Y 1 a
Buwmesanliide way "L:umzwauuayuslumiLLm‘ﬂuiaImaawsmﬁ'ﬁmzmmmzau

[%
Y

ukwIAn “maderiuldedu” Fadugluuunisdnnisiiuniaessalaeansansisuei
ansateliglagasanunsowdsduninensnisiunesuiunazaiunsadr luusuldiussuuind

agidy WeanAldanglumsiiumaeslavansuazaiunsatisiiunamilsdmsugusenounis lng

39



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

a =

msiivdwugldnusalagansanssaeliiidununnniy waelivianlunisiunadiisiniisalagans

[
1 IS A = Y v a

UEINILALLAUNINTANEULN1BEDNUINTY LAYSUBUUNSVUAS AU TN ULUIANYD 63D
Y

)

[

ATy (Smart city) wagilesdduinidlssdnlnglulszmalnguazlulanideinilg uavlasinis

[
LY

Udnmngauiusualundnvoinudsty vidumuasygia Mudiny Lagaudawinasy dnedey

unauiiunisedusisuuudtasslunisindunisuudangu lnen1sfinwiuudtasssiunig
Fodunesnoglutagdunaziauowuinislunsimuil vuinaenilegioseesun1sInnIsiumig
Ya330laga1saNsIse At satlvdlagansanunsawUslunineinsnisiunauiuililsed

e IneiidngUszasalinisuinmssunazaslaeansiisanss Tuvasiauausuyulisifian

s

wananidluvnaruaziieAusionsuirdaygiuszies (Artificial Intelligence: Al) wntglunis

<9

1%

4 v = P Y o = & A
A1AN1SAIANINABINISVRINITSENTalaea1svelagansieldlunsusuussdeayaUSunauagiiug
ANABINIslunsiensalagans lag Al azendedeyanisisensalagans teyaiiefunisiunidly
DANLATAINLIAITY (Real-time) 2INUUAIANS 9 WU Internet uay Intemnet of Things (IoT) 1Huduy

lgguil 1 asuumdnnsiauikuudtaesnsdndumamih Jyanuseivgunte

e N
Ride hailing demand Transport data, e.g.
data (from mobile  [] vehicles, traffic,
application) ) current routes
( Real-time data from | Predict real-time l Real-time dynamic Updated routes
IoT and other > demand plan | ,| route optimization and instructions
sources, e.g. Google | [| Pattern by AL (vol. of the vehicles to drivers
J location, time)
e N
Historical data
(demand, IoT and [~
other sources)

JUN 1 wAnnsiakuuInaesnsdndunanti Uy 1useAvgantie

40



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

2. dnguszesa
2.1 WieAnyILUUTIADITEUUIUEAENT U UUUEANEY

2.2 1 NBIAVNNTBULLIAAEI NS UNTTIFELN WAL LUUINADIULAUDLAUN19DRS UL AN UTEUU

YA T UUUEANEY

3. NUNIUTIUNTIU

3.1 N3AIANITAIANNABINISITUSNMIInlReasAsLUUTaeslygIUsehvg

lun1svudsansIsaETuANaIIa lUNITAIANTTANNUTULAZ I UIUVRE LB AN SNTiA1Y
ARINSLIUSNIAUYIIATANS o TulinudiAmduedgneds lnensfianunsamanisalduniaay

vV

Sruuvesflagansniudianaiing 4 lusuwianldodaudugiu azanunsadeligdniunisvier
Usgnougsiaanunsadnassmineinsifediavnzay ilemeuausinudesnsvesilagaisuayns
Tisnsifauninuazdetiold uenaninmsnianisaliuwmisarsuureslasasnutaana
519 9 Tusuanldognausiugiu Ssaliiuiiunsuiedussnougsinanunsadanismausudunis
mafusaiitoandunulumsdniunulianmald JagtuligyivssAuslidundunuimesis
wnsraeludinusedniu nMsFeusidednuuy Long-Short Term Memory (LSTM) Fuduuwuusaes
szﬁwﬁwmﬁﬁyiywizawﬁﬁﬁmmmmwsaiumﬂwmamaﬁﬁu (Sequence) lagninan@nwiuas
Uszgnaldaulunisaianisaldundnazdiuiuveglagarsniudiaiaidg o Ingluanuide
Liyanage et al. (2022) léfv‘hmiﬁmmﬁmmﬂﬂizawﬁuuﬁugmﬁuaaLLU‘U?S’]am N15L38usBENLUY
LSTM uag BILSTM 6‘?}&LﬂmwmﬁaaﬁﬁmiLﬂmﬁwuau%ﬂu%ﬁa%aé’auﬂﬁuE‘fm%’umimmmiaimm
Aeanstuawiandnsunsliduinssalaasuseinmsdunsauadsuy Yseineeaansidy laglunis
$ravsuuudasnfienansninudesnisluswiandiniunislivinissnlagansusssmietuae
o1fegateyailldanszuvanimnsnveslasansannidunisnisifiusa 18 umaasthesauszd
M9 1,781 U4 HANTISANYINUIMUUTIADINITHIEUTTIENUUY LSTM Uag BILSTM tuaziluadns
yesmsmamsaiaudeanislusandmiunsliduinssalasasusyimaeiigsninuuudiassnis
BoudiBsdnuszandy 9 lngasilmanuwiudilunisaanisaiinnnnin 81% luside Xiao and

s

Xu (2022) lé"v‘hmiﬂ’wmﬁagapﬂazﬁwguuﬁugmmaaLL‘U‘Uﬁﬁ’waaq N33 UFAENRUY LSTM CNN-
LSTM afunuudrassiifinsfiunisatngudnvurlasendelassineuszamifisnnuuasuligiu
(Convolutional Neural Network) wag Convl.STM daiflunuudraesiifimsuasuutasiasuiunis
aelulidumsasuligiu eaiadunuuirassdmiumsmanisainslvavesflasanssausz s
miluusiazdhesauszdmauaziailunisiiiuniessalagaisuszdmne lngdeyavesdiesausein
M991UIY 20 wiks uazyrdeyatnsilasanssaUsrdmneans K911 esdvunu ansnsusgusvanTy

U %Qﬂﬁmﬂﬂummﬁwﬁa;ﬂamLSﬁﬁé’ww%’Uﬂflsa%ﬁquuﬁmaq NANISANYINUINAT Mean Absolute

41



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

Error (MAE) lag Root Mean Square Error (RMSE) %ﬁLﬂuWQﬁ%’uﬂﬁiqu?{S (Loss Function) fifie
vhanldlunsussifiulsgansamuuuiiaessdseAusildannuuuiiassdmiunisaanisainisiva
vosglasanssavszdmalunsiazihesaUszdmanaznalunisifiunsvessalagansusssmed
a51991NUUUF 190991 FBuSLEIENUUY LSTM uag ConvLSTM tuagiimiliganniinuazanunsati
wuvdaesiildluvszgndldaudeldlunisdanmsanarlunsidusalagasuszdmng lunuide
Zhang et al. (2022) wuuiiasansBeudidednuuy LSTM Aflsnnunansiateesidgninluldlunns
ponuuULUUTaesiiemnnsalnudiossveslasassouiinglunisldvinisiu-deglagans lne
yateyanisu-duflagansansouiindenuiionind uudndu Wealiwesn Ussmmanigewsni gn
thaldifudeyarids wanisdnwinuiuuiiassnisideudidednuuy LSTM duannsaviinsg
$rasaitemnnisalmmdesnisvesiasanssauindlunisliuinissu-deglaoansls Taedien RMSE
uay MAE lsigeunnin 91neAseilddnuundrsiudeannsaaguldiuuudasinisizoudidedn

WUU LSTM tuiaganunsaihundssgndldanulunismanisalaanusanisnisiiunislueuaale

3.2 Fsmammneulviazauiiga (Optimization methods)

'
=

BN1TAUMIAIAIRRUNIMINTAaNNEa A nTsuluMsunltluntsdnduls Taedvdn
WMaNakaTANAAIEASU1YIETUNISEDNITNIIU 0 TUA BUVDINTEUIUNITYINIUAIEY e lAlASY
° a d' ° v & I A ax i aa
AnpUmINzauga awnsadwunlailu 2 ngu Aie TuUUWINASY (Exact methods) kagiSkuuy
Uszanual (Approximate methods) (Blum and Roli, 2003)

dmSunuudnasmiendnmans (Mathematical model) 1Uu3gn1slunguuesdsnismien

° a ‘:4' | = & aa ° = v aa a a
ﬂ'W]EJ‘UV]U/i@J'WﬁlW@@LLUULL@J‘U@?Q GZJQL‘Uu"]ﬁﬂq{LUﬂ’ﬁWqﬂqma‘UﬁiaLLﬂﬂfyﬁ']Vlll‘UigaV]ﬁﬂ’]W GHFMPL

'
a

Sudsriuldidmeuildsutiududmeuiidfian (Optimal solution) Tunisméumemeudiaiian
'3'§mﬂumjmﬁ%’naﬂumiﬁumL“fﬁJuLLUULaﬂﬂULuuL%sJa tfufe mndgmiifarsandivualng van
Aldlunsufdgmiiuazununnuieniuauiunifiazeousuldlumalfoa (Talbi, 2009) awnse
Uszgndldiiteudtiyvnsmenfimnganiigaidannsdn (Combinatorial Optimization: CO) lépens
narnnae WU Jynin159nn1919n1588a (Production scheduling) Jeyminisdatdunisiiuse

(Vehicle routing) tJusu
3.3 Jagmn1sdnidunedansegdmsussuuuaas susuuudavgy
JyvmsdaidunsdanierdmiussuvrudiansisazuuuBangu vide uiindduynna Uy
‘f]zy}mﬁlﬁwmGiaaammmﬂi]igmﬁugm Ao Jynin1sdatdunianisiusa (Vehicle Routing
Problem: VRP) dadunilslutlasn o Tasnszurunslumnaunuooniuuinnisidunisnisvuds
dletnguszasslunisuszudadununnsvuddilduniign dymidldsunisfneifuadusnlg
Dantzig et al. (1959) 91nAISNUNIITTUNTIUTAEIdasnuIninisAnuludnvausfindendatuy

faralull 91u3T8va9 Tholen et al. (2021) Ta@Anwiniswustunistdsasusonludfmoaases (Shared

42



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

Autonomous Vehicle : SAV) Tnefifnqusasdifioannslindsnusmesenummugiaonun dadinng
fanruduarsevinnisanssernisaziuauglasans nel#38nsftugiunisanissnsuddly
$2ufu (Share-a-Ride-Problem : SARP) figniauslag Li et al. (2014) iunisinauenguilunisdn
Fumsdnsusasudediud Tasliaunsofudlasarsuardsaddifiunduldunnimiand vio
anunsasudlasansliauninasdindnnuussnnuesse wasinsldseduanufionelavedlavansidu
Fos1indruniladnge 11u3Tuves Gendreau et al. Tud 1995 wag 1996 liAnwdawninisdo
Wumsnaiiuse Tnefliuvisazsuuilduiueuvesdlaeans iWunmsthdgmnsudsiiunsld
susasudlagansindrassuuuiaiiousts faaeliflasasionsolagliudsarmiiluseninanisiss
vuduns shldldannsnldananiiogetaaui dundsfunesdawasiasarsindaninivly
anuiile uazdldnnudlasansiinla FaanmsAnwagiiisnsdassilasandnluszuumansuuy
W wuudaluguuunisnsganeaudeyaluain (Gendreau et al., 1995, 1996; Li et al., 2014) %38
nsnensalowianandeya laeinisldmealuladang q undiglunsnensalnginssunissensaly
A0UTLAZTINIAIAN 9 LT SEUUFIUTeLavuIAlvg) (Big Data) wardya1useAug (Artificial
Intelligence: Al) Wudu (Giuffrida et al., 2022)
Jeuladetaduiimsiinnsandmiudyminisdadunisdandordmsussuuvudiansisos
wuuBangu vide windduyeeatu dfweluil dedidasudnauiidwessolasans Tnssneudyndu
iinsirfndunuitimurunavessauiazUseian dsasviilvansasudlavansiialdaundisnas

o w

WAnAug (Hulagu et al., 2022; Ma et al., 2021; Tholen et al., 2021) #3odad1inA1UAILVO
50U55%n (Capacitated Vehicle Routing Problem: CVRP) (Barios et al., 2013) Ya31finauaniil
g1u annsauisdedrialfidunansuuy nanfe udunarnduaadenduandgiuuiadienty
(Crevier et al., 2007; Ho et al., 2008; Polacek et al., 2004) %39 agm?fuﬁul,l,azaméjuthjﬁwL“fﬁluﬁaa
Wuaandgiuudasendu (Li et al, 2016) Fadrdasmunsaurian (Time Window) Tunissuds anunse
wiaoenlddu 2 wuu nanafe nseunarfiliamnsadanguld (Hard-Time Window) (Agra et al,,
2013; Vidal et al., 2013) ldg1usadndauannsoutiails way ﬂiaunawﬁamwa%msjﬂﬁ (Soft-
Time Window) ansnsndndslduannsaunandissl (Figliozzi, 2010; Tas et al., 2013)

4. Wanduuiae

'
a ] o I~

TUNNS9BNLUUNTBULLIANFINSUNITIVELNDWAUILUUINEBILLEUBLAUN 19D ARS ILA NS UL U
| & | Aad o a aw ) ~ ~ a o X P o
YudEs1IELUUEANg uiISALTuWITY uanwiagun 2 d5gazideanil 1) Anwdyninida
LEUNNLAUSDLAEATAISISUE 2) NUNIUITTUNTTUNNGIVDY LU NITIALEUNILAUTDDIRTVE SEUU
N5PUANEEITIE N1IAIANTTRIANARINSIdUSNSTalagansasITaNemen1sUsEgNAlduUUT a0l

LSTM uazn1sundgyminisdaiduniaiusalagaisaisisaeaionsussendlduuudnasanig

43



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

ARlRANERS 3) NAILINTBUWLIARIIWINY Tnewdsnusenilu 2 du laud @il 1 n1sAienisalaiy
AeanshtuINITsalagasaNesemen1sUsEENAlTuUUTIa0Y LSTM wazdiudl 2 Luudnaeen1sdn
LHUNIBAUTALAYANTANTITUSIMINZEN 4) TIUTILALULDTaLANLATUNIMUALTATIEN Uag 5)

asulazenuTenNag

AnuntgrnisindumaiusalaeasansI s

MsAANISAAMINABINSIEUSNNSSalaeaTasTNE N

v L MsIREURUsIS ISy
WUUAIER3 LSTM —>  yumaunssadnsauiliienday [« — s8Uutuaiasnsne
WUUTADINAAAERS —  Jnyauszhivg

vy

WAUINTOULNARNUINE
daudl 1 : nsmamsainudainsliusnissalaasansse
fensuszendlduuuinges LSTM
daudl 2 : wuuasen iU aRusalsansassU I zaY

v

TUTMMa IR Tzdoya

ajuuaroiusena

5UN 2 F5n1seiuannide

5. WHAN1539Y

TunsiauIkuuIaeInsinnIsidun sty UseAvinntie enisdidausidunisnisiau

<9

a v

solagarsdmusruvrudeansIsaurLuugangu dnsoululAnuidey uanadegun 1 lagluns

[

WAWUUINa9EN s UNweNwaztduneandu 2 dulasail

d2ufl 1 N15A19N15IATIUADINISITUSNI55aLA8EISEI5I5US AELUUIIADY Long-

Short Term Memory (LSTM)

TuaIUY99IN15AIANITAIAIINADINIS IIUSNNITTOLAYAITANSITULALIN1TO19DIANNADINIT

ndayariaun 3 undsloyameniu sulaun

v o a Y a ! a U A A . . . °
AAIVRYAN 1 nsirenlguinisiukennalatuliafe (Mobile application) Q‘[mmaazm

a Y a | A A a = o Ay X ..
n1sisenlduinissalagasansisaentunisilede lngaziin1sseyfaiiunisiinean1su (Origin)

44



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

RIWNUINAB9IN151URY (Destination) 11a1ifeen15lduIn1s (Riding time) saulufsdiuiuves

ALGRE

undedayail 2 Jayannudenslduinsiiunseunsaliiideuseiudumesiun (Internet

o =

of things) 3aunattayadu q ludwmesiun ewinlulagtu Jminginiedie 9 lalins3isy

Y

1A59M13 smart city Fedlduelitoyania q agludumesiunvesiuniulagniunldussleyiunn

Py IAgan1gAIuN1TaTIAT U N5YILAIayaTILa AITaUTIUANUILINYEINITATIATIuLAaY

[
£

uvng Wudu §9350azgliuuuiaesdasudoyadssananisanudenistduinissalagaisaiy

LIAN939 B VLU

= ¥ L4

undedayail 3 Yeyandufeanslduinisaing uteya (Riding demand database) lne

U

Toyaludiuiiazunanteyaniudesnisldsauinsvudiasisaglugisiariniug Inednistuiin
Jwadeafiasuiiu suldun Usunaenudesnisluudasdiaia avuneUatemevesylauans uag

srazlaluNsinganssaLAazsau

lusguvrudIasIsae Wesnndnvuryadayaiazgnldlunisaiauuudasaieninnisel

AuiakaziIuYIlagasnNgIIa1ae o lussuurudasisustursiidnuasdugadoya

Y

ANNY9981 Fawuudiaes LSTM 1unuudaesussinvmilavestyqivssivgiinnumunzauiuyn

A v I v | v & ° = o °
ﬂa%ﬁmmaﬂ@mgLUU@@T@%@@WN%?\TL?@'W AUUBLUUIEDY LSTM ‘iNllﬂ'J’]llﬂ']llrﬁﬂsLUﬂ']ﬁuqll’]

Uszgndldiieninnsaliumiauasduiuveglagansniuyiewiairi o luswanla

d47uf 2 KLUUINABINTITIANISTLEUNIINSLAUTANNANLEUFINSUSDLAENTENS1TUS

NS UL TIANI S UMBAusalaea1sansn sy agldtayavidn (Input data)
Tudruvesmnunesnisidsalasansasisarlunnazdrananflasuaindiud 1 sadunisainnisel
AUABINITIEUTNNITOIALANTAI1TUEAIBULUUINEBY Long-Short Term Memory (LSTM) lag

[

wuuiaesaslym VRP a1 uansiegun 3 laelisieazidundall

laftuinguszasd (Objective function) LivelanunsaneuauewonufBINIvelngans
Tinniiga wazidunislagansaisisaeiaunsatigliglagasanunsawuaduninensnisiuns
Fufunlauszdmie asdunisimuailanduinguszasd Fadumlsnlasuiiuiniign (Maximize

profit) Fadunanaseninelavansilasuanglasansuassuyuildlunmsiuni

45



Warattapop Thapatsuwan et al. Journal of Logistics and Digital Supply Chain 1(1)

Joauud (Assumptions) Usenausmie Usunamnudesnsiduinissalagansiariaminiag

wduaw Fadudeyanlisuunaindiui 1 AnunuuiuYeIn1sasesuldazd s inuwaneg

[y

W fhunisveslagans (Location) wiagseilugaiidAgluundaiiios

q o

[

dmSuReuludedsduinensan Usenausiy funisveddlagans (Location) wiaysiuag

Ao o

Auganne 9 AdAyluadiles 1Ia15eAY (Waiting time) Yalaga1sinsaulial (Time
window) na1ade nseunaImsiudslaganshiannsoanguls esannnsiudslagans Ll
miloumsvudadudn inmsidaiinnuiionelavesilasansiuddy weldlvilasansiAnaise
posun Matuiafesdinmsatenseunanitliiangulfifios danailunsfaanuevaisnises
AEUGRE nafldlunisiduna (Traveling time) Wulumuninudilnewds (Average speed) 18950

TngansfAumsluwsazdiaaa ssezne (Distance) WulUmudunsiidlasansiden lnedlagans

Y
[

i - % = = ' = a o oA v g v
WAiags1EELTIERNEUNNIIEUNER (Shortest) Uio193ziinMIaTasintavsawdunisildiaailunig
Wuvnasiign (Fastest) wionvazfiszasnnslunisiunisiilnaundu wazaiinvessalagans (Types

of vehicles) wielanunsadninduiuiilveslasansls Wusu

Objective Function Max profit

Assumptions

Constraints
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- Number of passengers
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VRP Characteristics
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Vehicles - Types of vehicle

- Number of vehicles
- Capacity

- Average speed
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