A A aa J @ Y [ 1 Y I3
VOLIDIHY UNUD ﬂ’lﬁﬁ]ﬂlﬁuﬂ%‘lllﬁgfﬂﬁEﬂﬂiﬂ"’lluﬁﬂﬁ1ﬁ1§m51ﬂ81%LLUUﬂ1a@Q

a 4 ~ KR [ [ =
NNAUATAT: NTUANHIINHIALYYIITY

d‘ Y A aa o £ a
VORIV UAANA Li]iil]wil‘ﬂ
% [ @ a a dAa o
Hangns UssanauRiuda AneenansFaniuim)
da = v ¢ X a v o
21158Nd3nmn A3. OUUA DIIUFINUD

J (%

@
SO9AENT10158 AT, Yndas da lend

ER

1 J a
3. 3915910 laney

[ v A < [ [ A Ao Y 1 A

m‘mm“vm‘ﬂmﬂumwaﬂwuwnaﬂﬁmﬂmmwmugﬁauyﬂﬂaﬁlulﬂmmmqq

1 Y a a @ A a = [ A X 9
ﬁﬂwﬁﬁlﬂlﬂ@ﬂ1ﬁﬂi1ﬂiﬂﬂﬂlﬂG],Lll,"llﬁl,ll'E'NTﬂﬂlﬂ?‘ngUilﬁmﬁﬂ’luﬁﬂ‘ﬂu!ﬁ%Eﬂu‘lziﬂ% BITIIN

v y A v 2 A o : &
ﬂﬂJuﬂ']ﬂ'IUﬂ']ifﬂi']%i AN LAz TaaoInav Iy sTuvvUaIaIs 1T il
& A ) Y 9 Y 1 3 1 Aa
L!fL!'J‘VI'l\iﬁux‘iﬂﬁ']iﬂiﬂu'llﬂcl‘lﬂlﬂﬂﬂluﬁ1]1,@ f)EJ"I\?llianllg‘]JL!ﬂﬂﬂlﬁ]ﬂigﬂﬂﬂluﬁ\?ﬁ']ﬁ'lim$ﬂﬂ
% 1 1 9 @ Y a Yo I 1 = =1
YNNIVYINLYU mummaxma%mmsnma“lwmma ﬂ')iulﬂﬁ‘]Jﬂ'lif]’é]ﬂlL‘U‘UL‘]Juf]fl'l\‘]ﬂllﬁgu

Uszandnm

E4
=

= 2 V= 9 o Y a
ﬂ']if”fﬂ]el”lﬂﬁﬂuulﬂﬁﬂHTﬂﬂJﬁ']ﬂ']if]@ﬂllﬂ‘ﬂlﬁuvn\i!Lﬂgﬁ]ﬂﬂﬁlﬁﬁl\iﬂ'ﬁqﬁﬂﬁﬂ'ﬁﬁﬂiﬂElﬁ']i
a s Ao I = Y A A Y

m‘ﬁﬁmzslugﬂﬂmﬁmﬁm Iﬂﬂﬂjﬂi}ﬂigﬁQﬂﬂ'ﬁﬁﬂHT 3U9 A9 (1) N9DDNUUULTUNIULAL

[ a o a 4 4 o 1
ﬁ]@@]’li’l\‘ilﬂuiﬂiﬂﬂﬁ’]ﬁﬁ’lﬁ’lﬁﬂ!zi@ﬂi%&!ﬂﬂﬁ]’laﬁ]ﬂ%Wﬁﬂm@ﬁ’lﬁ@ﬁ 2) lﬁ@ﬂ?ﬂuﬂiﬂﬁﬁﬂl’lﬂ
Y Y a A o = Y A o
Lﬁu‘ﬂ’lﬁﬂ’lﬁch"fUﬁﬂ’liﬁﬂiﬂﬂﬁ’lﬁﬁ’l‘ﬁ’lﬁmg‘VILWll'lgﬁll UDNWNIALBYITY ﬂ’lﬂﬁlﬁl\ﬁ]uvlsll ﬂigﬂﬂﬂ

9; ,&I a ~ A o a =\ s A 9
HUULFDNAININN T ALLAS ?3) LW’E]%@G]TJ"NL@u‘iﬂiﬂﬂiﬂifﬂ‘ﬁﬁm% Iﬂﬂll’)@]i]‘ﬂ’izﬁdﬂw\lﬁ]ﬁl%

Y A
UMM USUBINGA

= Y dy 70 Y = 1 @ ) o 1< A a
MIANEIATIUT2gNA lENgERNIINIMWALATEVIUMIMHUUATIUIWAY (WBTUIY
sunuvveslymlasliismsuannuagiiuszuuda lumsuilynt Feseuisodjlnaves

=2 o o a 4 Yo d”
NIANHINA ULV UIIADINNAUAAITAT ”lﬂmm‘lﬂu

(4)



Llﬂﬂﬁ1aﬂﬂﬂ1iﬁﬂ°}ﬂlﬁuﬂ1\1Lauiﬂ1ﬂ8515ﬁ1ﬁ1im$ "lﬁ’ﬁwmﬁﬂﬁzmawmmuﬁmm 2

) = = [ dy A A ° A o Y Y a
ﬂimi@ﬂnﬂ&lﬁ&@ﬂﬂﬂ\iu NIUN 1 'ﬂi$ll3ﬁﬂﬁllfﬂ°ﬂ%1ﬁ’é)x‘iLW’éJ“]Ji‘U‘iJ';:QLﬁu“l/]NﬂTiﬁh’i‘Uiﬂ1iiﬂ

0} d‘ H %

o = 4 9 o dy a 9 A dy ~
Tagasesisaslutlagiu Tasudngiszasdaielsiniuyamasiosngatazaniu

Q

Idusmsideuiunu S1uau 2 idunieie idunieamriivuds (AN) - Y1 INe1EI 1T

k4 v
Y A a K

Y
9318 tazdumaaatvudas (aw) - Muduniie Tagausaaans 1911315 0Ima %

I 1 1 o A ) A aa A a I
Aua lgnendnueams 1HuIMang 2 1iduma’ld 98 adans/seumsliusns aatluiesas

A A ° A 9 ' A a A 9 = '
3.305UN2 ﬂizmawmmumammaaammmﬁumﬂwu (IWULRY) AD LT UNINTDIUV U

(Ind) - aoflauds (@) - MorMAnUIIHIAFeIse linsounguunasaigamsaunie (n

]
@

A = A =1 a d A Y o @ &I a Y a
wae) luadulosuilouseeiie Tasliaglseaemme lnihiugemadlumslduims
¥y A A = o o ko o ¥ ) ' Y a
UosNga WoANINAaN51INMTUszuranand 2 N8l 19 3 [FUNWNUN 150 1HUTMS
Mugaaegamsmunesimvua lilunguaesaniuneruia aorudnet uazaoiunsiyms

= 1 9)?;’; = a d‘ o v v A
sademsnlagms lanamua Tagasounguuvasasgamaauniendiag ludwiadese

a d a Y @ [ o
Aty 65% mﬂﬂﬂ??uﬁ@ﬂﬂ?imHVINGUE’NEj}WﬂﬂTﬁﬂiuﬂJ@]mﬁ‘UTa WIATIT 1Y

HUUTIA0INMITAMIuAUIa Tasa s @513y N slszuranaiienis1uIuI 0N
Y A Ao I 9 YA 99 a a A ad o Y a
desnganduuasslsmeIvusmaludeansal Aie nstin 1 9aa1519ms liuSmssalagans
Y a a A o 45! aA @ Y a
ABITULAWAITNMT THUT MBI TeueNMUUATY 1agnTalN 2 3IAA15 19N THUTNI550
Tagmsmsisas lngmmualdimumsvyuiousonioludunie wavesunusiaein1sin
9 Y
auausn lagasasisae nageudunie ansaagiealdasaelai (1) idunieand
YUAIAY) - WHIINOHT 1N Tee31e wuNAelFiuIuso Tasdsassuzie IfuT s
dd‘ dd‘ g’) Qy [ [ o w d' [ = a A Y Aa
Tunsain 1 uaz NIAIN 2 NIAU 5 AU LB 4 AU MINAIAD WoIADIszANTMINMT IR LIS
[ g 9 A tg Id 9 =1 1 a Y o
ABANINNALAINUIVANIUDIN 57% 1TU 71% (2) IFUNIFNIUVUET (1AN) - TUTUNIY
v 9 Yo A Y a A A A A y 2 1Y
wundealsdiuiusalasmsansisuzmo lHusms Tunsdin 1 uagnsein 2 198y 3 A uag
] kY ' Y
2 Auawde iedadalszaniamms IduimsaenamauaudImuI unuIueIn 41%

I~ [ g’/ <3 Y AA o Y a o Yy
1w 62% aaiuazmulanlunsainsaarsamsldusmssalasasansisas lagmviua iy

2

=~ 9 = =~ a R 1 9y o 9 9y
ﬂﬁwyunaummﬂlumuma um’;‘mgummmmumwaﬁlwmmmaﬂmmumiGlﬂfmm”lﬂ

M tuUTasInAdiamani / sTUDYUEUITIHIAFEIT10 / MIDBNULLIFUNI

HaZIANITIANTD lAsEIT A5 1T

(5)



Thesis Title Public transport routing and scheduling using mathematical

models: a Chiang Rai case study

Author Nitisak Charoenroop
Degree Doctor of Philosophy (Computational Science)
Supervisory Committee Dr. Anant Eungwanichayapant

Assoc. Prof. Dr. Boonsong Satayopas

Dr. Rungrote Nilthong

ABSTRACT

Chiang Rai has a high usage of private vehicles, which causes traffic jam in the city areas
such as schools and business places. This problem brings about impacts on fuel consumption and
the environment. Public transport is an alternative way to solve the traffic jam problem. It

requires well-designed systems such as routing network and bus scheduling.

This study investigated the problems of public transport routing and scheduling using
mathematical models. There are three objectives to this study: 1) to design public transport
routing and scheduling model using mathematical models, 2) to design public bus routing in
Chiang Rai in order to minimize fuel consumption and 3) to scheduling public bus routing in

order to minimize the number of the buses used.

This study used graph theory and integer programming to formulate the problems. The
evaluation of public transport routing and scheduling model was done by the Branch and Cut

method. The results could be summarized as follows:

There were two models for public transport routing. The first model was to improve the
two routes for public transport in order to minimize fuel consumption and avoid the overlap bus

routing. The two routes to be improved were the old Bus Terminal-Rajabhat University and the
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old Bus Terminal-Ban Sansai. It was found that the improvement of public transport routing can
reduce fuel consumption 98 milliliters (3.3%) each round. The second model was to design an
additional route to cover all the transport needs in the city form the new bus terminal to the airport
via the old bus terminal to minimize the fuel consumption. It was found the three routes form the
two models covered all the targeted places including hospitals, schools, government offices, and

bus terminals, which attracted 65% of the traffic in Chiang Rai Municipal.

The public transport scheduling model was applied to determine the minimum number of
buses required two cases: 1) the public transport scheduling from frequency requirement and 2)
the public transport scheduling by managing the turnover of buses used for services. As the
results, for the first route, the old bus terminal — Rajabhat University, five buses were needed for
service in case 1 and four buses in case 2. It was found that the efficiency of the services
increased from 57% to 71%. For the second route, old bus terminal — Ban Sansai, It was found
that three buses were needed in case 1 and two buses in case 2. The efficiency of the services
increased form 41% to 62%. Therefore, it was suggested that the public transport scheduling by

managing the turnover of the buses used for service could reduce the number of the buses used.

Keyword: Mathematical Model / Chiang Rai Public Transport / Public Transport Routing and

Scheduling.
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