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ABSTRACT

It is believed that one of the highest national incomes of Thailand is from
the tourism industry. The government has hundreds of billion-baht in income each year.
In Thailand, there are numerous kinds of the tourism, such as nature based tourism,
historical tourism, cultural tourism and so on. Similarly, public transportation is also
said to be a significant part of travelling to bring tourists to their expected destinations.

According to the research, time spent is the main factor for travelers to
choose a variety of public transport. Generally, there are many points connected to other
points and different procedures known as “Multimodal Transportation”. Moreover,
“Optimal Routing Model” is the main model created for finding the best solution of
travelling with both values of “Travel Time” and “Waiting Time". In the research, with
300 respondees, over 25 percent of testers chose a way in that they spent the less time

travelling following the instruction of the model.

KEY WORDS: MULTIMODAL TRANSPORTATIONS / OPTIMAL ROUTING
MODEL / TRAVEL TIME / WAITING TIME.
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CHAPTER I
INTRODUCTION

1.1 Background

Nowadays, the tourism industry in Thailand has the role and the importance.
It is the source of revenue [1] that important to country and it also helps stimulate the
economy as well. We observe that the number of tourists and tourism revenues during
2012 to 2015 [2], as shown in figure 1.1. Although, it has events which affect the
travelling but it affects very little tourism. The travelling of the traveler that depend on
many factors such as times, costs, hostels and include convenience. In addition, the
travelers need the convenience to travel from one place to another place. We see that
traveling must be transit at least two nodes called "Multimodal transportation"[3].

The number of tourists and tourism revenues during

2012 to 2015
1.6 35
14 30
<
g 12 25 2
S 1 - =
2 20 S
T 08 <
b 15 &
§a4 102
0.2 5
0 0
2012 2013 2014 2015
YEARS

mmm Revenue(Trillion Bath) — ====Tourists(Million)

Fig. 1.1 The number of tourists and tourism revenue from 2012 to 2015
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The transports have both people and goods which depend on three variables
as travelers, different modes of transportation and different operators. The main aim of
multimodal transportation is the movement or trip. We show the cheaply multimodal
transportation as shown in figure 1.2. Generally, the travel form one place to another
place has to wait for transport whether it be rail, bus, plane or boat which these call that

“Mass transportations” [4].

PLANE DESTINATION

@,

BUS

INITIAL
BOAT

TRAIN

Fig. 1.2 The cheaply multimodal transportation
In this research, we use Ant Colony Optimization (ACO) to improve the
quality of travelling with parameters such as the time schedule of transportation each

node, the waiting time, quantity for selection node from source to destination.

1.2 Objective
To study the waiting time of multimodal transportations.
To create the optimal routing model for multimodal transportation.

1.3 Scope of work
This research, we interest the waiting time which is the important factors for
finding in the best travel time schedule. In term of modeling, we bring time factors of

travel from source to destination to create the model.
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1.4 Expected result

We want to minimize the total travelling time from source to destination by

using model for finding the optimal routing for multimodal transportations.

1.5 Process of work

Study about Ant Colony Study about multi modal
Optimization transportation
-Definition -Definition
-Concept -Define parameter
-Method &
l Study the Mass
transportation
Review literature and research about -Definition
ACO method for travel. Define type

|

Understanding on
situation Mass
transportation base on

Thailand
Air - -Water
-Road -Rail

l

Review literature and research about Ant Colony Optimization for transportation

]

Define stakeholder and design model

]

Design measurement and situation example study

]

Test the model and optimization

4
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Analyze the results

|

Discussion

Fig. 1.3 Process of work
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CHAPTER Il
LITERATURE REVIEW

2.1 Ant Colony Optimization(ACO)

Ant Colony Optimization(ACO) was developed by Ant System(AS) due to
a first thinking of ACO that effectively improve and develop AS. ACO has extremely
changed the progress of AS. Moreover, ACO have not only used for a resolve of
travelling, but also other problems such as, a schedule and a square problem. We are
explaining that AS is a former ACO, and ACO is a thinking adjusted by AS is being

used as a ideal model for resolve of travelers' s behaviors.

2.1.1 Ant System

The first ACO [5] was presented when 1991 B.S. which was invented by
Macro Dorigo and coadjutor known AS. In fact, the old AS have been three types are
Ant-density, Ant-quality and Ant-cycle. By Any-quality which have functioned updated
instantly pheromone as travel from node or city to city. As Ant-cycle system would
update pheromone after that ant had walked fully city.

By quantity of pheromone that would update depend on constant fraction to
distant or quality of solution. Finally, Ant-density and Ant-quantity system then have
not been next improvement and development. As it could not find solutions or root
effectively beside Ant -cycle system. Hence at present when refer AS is Ant-cycle

system there.

2.1.2 Ant Colony System

Ant Colony System(ACS) was developed to improve the performance of AS
[6]. The improvement was different from previous times because it has not depended on
AS anymore by creation of new mechanisms for effective working. ACS was presented

in 1997 by Dorigo and Gambardella, and it was different from AS:
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1.ACS would develop parts of ants's travelling that would
increase ants's experiences, and it would be more an impact for a selection of travelling.

2. An evaporation and release of the Pheromone will be only the
best way of selection.

3. In the part of ways that ants move to, ants would release the

Pheromone in order to an increases and opportunities of selection of other ways.

2.1.3 The ACS pheromone system

The ACS pheromone system consist of two rules such as the first rule has
been said that was used to solve structure problem. Said that has updated local
pheromone would next ant select route would go to destination have a few pheromone
less than go to route have much pheromone which would said that in next law [7]. And
the second rule has to use after all ants have release all pheromone until finished since
start point to final point were updated and supported the nearest root to next ant would
to decide select route to destination. Which both two rules have shown behavior select
route of previously ant has released pheromone as shown in figure 2.1

Food

(a) (h (c)

Fig 2.1 Pattern selecting the best route of ant [8]
The general principle’s ACO each pattern which have base-on from AS is
step working of the ant solution construction and pheromone update [9]. We can see

from diagram as shown in figure 2.2
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Start

v

Release pheromone trails

\ 4

A 4

Contraction complete by each ant

Improve solution to movement evaluate

A\ 4

Update pheromone

Yes

Pass condition

No

Fig 2.2 The general structure’s ACO.

2.2 Multimodal transportations

Biellie [10] has to define about a multimodal transportation system that “the
combination of all traveler and transportation systems operated though divers systems.
The main of a multimodal transportation system it consists of travelers, different modes
of transports and different operators. Distinctive of component of the multimodal

transportation system that depend on many factor which as: modes of transportation
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route, lines and the infrastructure network from one field, and on the other field the
motion of the travelers. These components are the concepts of transfer and transit.
Transfer points are the points for the changing and connect modes from
another mode where travelers can change mode. The most important for multimodality
is the transfers which is core concept.
We conclude that a group of multimodal transportations are choices of

modes transportation or the transfer for traveler which they have various factors.

High speed train _a_
Airliner —_—2
Bus/Tram/Train/PRT Bty
PPlane —r —
ZipCar +

BT plane

[11] Fig 2.3 Multimodal transportations

2.3 Transportations and mass transportations

A transportation is a move of human or things from one place to another
places. It divides into lands, water, air and rail [12]. We could determine many views of
transportation being view of infrastructures, vehicles and a progress of basic
infrastructure. A determination of connected transportation such as roads, railroads,
airways, canals or tubes and transport stations such as airports, train stations, bus

terminals and docks. meanwhile, vehicles that could move into that network are cars,
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trains, plane, ship. A progress is interested about a control of systems such as traffic
system, air control system and a policy such as account system being toll or fuel's taxes.
A mass transportation means move from one place to another places,

especially bring vehicles to transport.

Fig 2.4 Mass transportations [13]
In order to understand multimodal transportations system which it had been
defined by our that consumption from 2.3 and 2.4 thus;
- Transportations infrastructure.
- Modes of transport.
- Multimodal trips.

- Transfer points.

2.3.1 Transportation infrastructure

Mandloi and Thill [14] who describing a multimodal transport network
involve that the use of different transportation infrastructures same road, rail, water or
air. Transportation infrastructures demonstrate the means of transit for the modes of

transport.

2.3.2 Modes of transport
Comtois et al. [15] said transportation modes that "the means by which

people and freight achieve movement". Modes of transportation have two main part
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which are private and public transportation. It has been different for travel when have

changing transfer

2.3.3 Multimodal trips

Van Nes [16] define that "when two or more different modes are used for a
single trip between which the traveler has to make a transfer" Hoogendoorn-Lanser et
al [17]. said about it that "a trip when it involves at least one transfer between-not
necessarily different mechanized modes.

2.3.4 Transfer points

Transfer point or switching mode is another important concept for
multimodal transportation system which is the transfer between modes when occurs at
the so called “switch point” [17]. Transfer points are respected important because they

are connectivity between two modal network is established only at these transfer points.

2.4 Mass transportation in Thailand

The Mass transportation substantially has an importance of countries’
development both economy and social, especially decreasing human's cost of living. In
addition, to have effective mass transportation system has many travelling patterns that
vary, comfort and appropriate for costs. Moreover, it could help travel to decide to visit
Thailand as well, and make industries that could grow continuously [4]. By mass
transportation's Thailand have several types both land, water and air. But in the present,
The most popular mass transportation by land. In addition, the government's Thailand
has made an effort developed mass transport system by take many technologies for it.

The mass transportation mode has a lot of mode which consider selecting

mass transportation system. Maybe consider from distance, time and costs for travelling
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2.4.1 Mass transportation by land
It is a mode, which can divide are road and rail transportation.

-The most popular road transportation mode in Thailand because it quickly

and a worth cost include to have route for several and cover travelling. Its good respond
to need for travelling of human.

-The popular rail transportation use for travelling between province and for
low earner. Wherewith have several selecting costs but it has late time limitation.

2.4.2 Mass transportation by water
-The mass transportation by water within country has short distance. Since

it has depth’s rivers. So vehicle often use a small boat, which a lot transportation and
short distance only. But often transportation between countries for travelling

2.4.3 Mass transportation by air

-The most popular mass transportation by air both in the country and
between countries. Because more quickly and safety than another transportation mode.
The mass transportation in Thailand that have many modes. But number of

customer’s domestic during 2009-2013. there are a number of relatively stable as shown
in table 2.1 and figure 2.5
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Table 2.1 Statistics of domestic transportation passenger during 2009-2013

Mode
of 2009 2010 2011 2012 2013
transportations
BMTA 406,375 | 382,682 | 374,906 | 355,134 341,540
The
Transport 11,038 | 10,834 | 10,545 10,112 9,599
Company Ltd.
Trains 47,939 | 44,535 44,054 41,761 37,343
MRT 63,419 | 64,553 | 69,502 80,602 84,680
Water 114,322 | 110,943 | 112,115 | 101,568 138,354
Air 26,420 | 26,935 | 31,184 36,325 43,331
Total 669,513 | 640,480 | 642,305 | 625,502 654,848

Statistics of domestic transportation passenger
during 2009-2013 (billion)

w
1
(<8}
(@)
c
& 800,000
)
@©
Q. 600,000
[T
o
2400,000 i 2013
L P

€ 200,000 P 2011 o
g F— 4 P— g >

0 2009

I
&
%@(‘ Mode of transportations
&
N

52009 2010 =2011 ~ 2012 =2013

Fig 2.5 Statistics of domestic transportation passenger during 2009 - 2013
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2.5 Relate of work

The work of Lyons, Harman, Austin and Duff [18] tried to provide the
public with the opportunity to compare travel options across public and private
transportation modes, looking to offer a one-stop-shop travelling planning. The work
identified critical topics, their findings and limitations. The topics mainly lie in the
government’s planning perspective, its feasibility and information gathering process.
The report offers highlights on the challenges during the government’s decision-making.

Li and Wachs [19] had proposes is a group of inter-modal performance
indicators in which services input, service output and consumption of services were
measured with costs, revenue, and unlinked passenger trips/miles in turn depend on
economic principles and evaluation objectives, and concluded that their increased inter-
modal performance indicators are more reasonable for comparing the efficiency and
effectiveness of different modes or combination of transit modes. The concern of inter-
modal performance can be view as a corollary of the importance of differences in
multimodal transportation planning process.

John and Patrick [20] studied the vehicle routing problem by using Ant
Colony Optimization techniques. They had proposed is the improvement algorithm for
finding solutions within 1% of known optimal solution and use ant colonies provide
competitive solution technique when it compared with lager problem. By improvement
techniques of them represent that could separate ant colonies with separate pheromone
trails for each vehicle and using separate pheromone trails results from the need to
separate the most likely routes for different vehicles.

Dynamic Travel Path Optimization System Using Ant Colony Optimization
[21]. The researcher had applied a Dynamic Travel Path Optimization System(DTPOS)
base on Ant Colony Optimization(ACO) could efficiently improve the traffic situation
in an urban environment. They compared between DTPOS and DTPOS without ACO
for finding the best path. As a result, The DTPOS solution provided better than DTPOS
without ACO as shown in figure 2.6, but both solution gave same the result ware reduce
the average travel time, average waiting time and number of stopped cars. In addition,

increase the average travel speed as well.



Thanawat Bamrungthai

B00
700+
600+
500+
400 -

300

Mean Travel Time

200

100 4

—— Without ACO

DTFPOS

Without ACO but with PPR
—— DTPOS with PPR

"L'" N \I\f ‘\l"ll' W) \J J,JI ""\.'ln’” 1 !’/L'“‘l" J
M

A Iy
.'\' | n |||I| ' ||I
I',.' M ||I || '||||||||I'III|| 1 '1|
{ LA ol

/~

I‘“I

50

T T T T
40 &0 B0 100

Number of cars arriving at destination

@

4.5~

4.0

3.5

304

254

2,

[=]
i

1.5

Average Waiting Time

1.0+

05+

0.0

DTPOS
Without ACO|

| |'L'||
1“ I ,llI

J‘lM i

h..

Ui
J ~U l[llf Ill.'|1 I
©

40

Number of stopped cars

Average Travel Speed

Literature Review /14

0.6 4

0.5 4

o
=

0.3 4

0.2 4

0.1 5

0.0

——DTPOS ‘

|

4! -MWff"'f\'{ / M " |
W ™y “‘\‘ VJ‘/ ||f\r*‘*\,~f ".-“;"f'wﬁr *J\JWKUW

0 T

I
200
Time

T T
o 0 100 150

T T T
250 300 350 400

(d)
Fig 2.6 Compare DTPOS and without ACO solution, (a) Mean Travel Time,
(b) Average Travel Speed, (c) Average Waiting Time and (d) Number of stopped cars

Privacy-Aware Ant Colony Optimization Algorithm for Real Time Route

Planning [22]. The researcher had applied an inverted Ant Colony Optimization(IACO).

The aim of them wanted present pro-actively for solve traffic jam. In the method, they

wanted distribute possible routes for real-time city demand for eliminating privacy

concern. In addition, they used to shortest time and shortest distance algorithm brought

to compare the efficiency of inverted Ant Colony Optimization. As a result, IACO

provide result better than shortest time. The results shown in figure 2.6 which compared
between IACO and ST algorithm.



Fac. of Grad. Studies, Mahidol Univ.

seconds 1000

Average trip duration (Radial and Ring)

1500

1400
1300
1200 -
1100

200

800
700

600
500

01 0.25

User percentage

0.75

— N algorithm —{pe— |ACO Aty ST

M.Sc. (Information Technology Management) /15

Average traveled distance (Radial and Ring)

5500

meters

0 0.1 0.25 0.75 1

User percentage

— g algorithm  e—p [ACO A ST

Fig 2.7 Compare IACO and Shortest Time
(a) Average trip duration and (b) Average traveled distance

Ant-based vehicle congestion avoidance system using vehicular networks

[23]. The researcher had applied an Ant-base vehicle congestion avoidance

system(AVCAS). This research had two challenge were the dynamic and unpredictable

nature of the network topology of vehicular environments, especially in urban areas.

The aim of this research was decreasing serious congestion. They brought Dijkstra,
PACO and HRS algorithm compare with AVCS. As aresult, The AVCS provide a result

better than other algorithm. This research shown a result that can increase speed,

decrease time, but it increases the travel distance.

2000
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25
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L L L " " A
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Fig 2.8 Compare Dijkstra, PACO, HRS and AVCAS
(a) Average Travel Time and (b) Average Travel Speed
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Ant Colony Optimization for Traffic Dispersion [24]. The researcher had
applied Ant Dispersion Routing. They wanted distribute traffic flows for solving of the
traffic network equilibrium problem, in order to increase network efficiency. As a result,
this solution it can reduce travel time of individual drivers.

In addition, there are other algorithm which applied traveling problem as A
Hybrid Cuckoo Search Algorithm-GRASP for Vehicle Routing Problem [25] and Solve
Traveling Salesman Problem Using Particle Swarm Optimization Algorithm [26].

From the research which mentioned above. Those led to research
methodology in the next chapter. We conclude that the Ant Colony Optimization
concept it caps applied to create optimal routing model for increasing the travel time.

The next chapter will explain process optimal routing model.
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CHAPTER 11
RESEARCH METHODOLOGY

In this chapter, we mention the creation model which obtain from a problem
of traveler. Those problems will be improved by model which we interest in the time
problems such as waiting time, travel time and total time. Those factors are created

under the optimal route model. It is used by user amount 300 people.

3.1 Research Requirement and Model Development

We want tester amount 300 people which invite to test model by web-base
system. Model development, we have separate to 3 processes are get information of time
schedule, transformation data and build model to website.

1. Get Information About Time Schedule

This process we keep data time schedule from website of NokAir[27] and
Prempracha Transport[28]. We select time schedule on 26 January 2016 of the two
companies.

2.Transformation Data

Because the two companies have the different some instants we need to
transformation all instants in the same format.

3.Build Model to web application

The last process will bring the 2 process enter the model then brought up to

website and test on model for usage.

3.2 Understanding Factors Affect Model
The time is the important factors which affect a decision of travelers.
Certainly, traveling from source to destination there may be one transit which it easy to

selection schedule for travelling but if more than one transit, it will has number of
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schedule to a decision more and more. Total number of schedule can be obtained from
eq 3.1

Total number of schedule =S, xS, xS, x...x§; (3.1)

When S is the number of schedule each nodes
f is the order of transit node

o

Fig 3.1 The example for the calculation total number of schedule

From figure 3.1 show the example for the calculation total number of
schedule which both Si, S», and Sz have number schedule as 3. When calculate then will
has total number of schedule as 27 schedules.

3.3 Build Optimal Model for Multimodal Transportation

From eq 3.1 we know that when increase number of schedule will give
difficult decisions for the selection optimal routing. Certainly, in this research we
interest the time factor only. We create model for find optimal routing by depend on
time. In factor time has the waiting time and travel time. By total time will depend on

the waiting time because travel time from source to destination will be constant.
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t,
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) . - B
A X, X,., X, X,
Transit node 1 Transit node 2 Transit node 3 Transit node n

Fig 3.2 The factors for create optimal model

As shown in figure 3.2 will be brought build optimal model which those
factors have the mean follow.A is a source
B is a destination
Xi is a node for transit
ta; is atravel time to node for transit
t, ., Isawaiting time

iWj

t, ; isa travel time from transit node to next node

i =1,2,3,...,nwhere i is a transit node sequential
j=1,2,3,...,m where j is a time schedule sequential

n is the number of transit node

Tt tag + G, b F b+

Xi) Xip1 Wj Xis1d + txnz Wi + txnz J (3 2)
ottt '

i+n Wj Xisn )

Those factors and figure 3.2 will be explained follow eq 3.3 which is model

for finding optimal rotheuting of multimodal transportations.

Liotal :tA,j + Z (txi w, +txi ,j) (3.3)
i=1

tiotal IS @ total time from a source to a destination
From eq 3.3 and figure 3.2 can describe as one time travel schedule must
have travel time and waiting time of each node. Exactly, you depart from source to

transit node, it occurs travel time when you arrive it has waiting time for transit to
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destination. On the way, it has travel time from transit node to destination or next node.
If have many transit node, it has many waiting time and travel time to destination as
well. The implementation optimal routing model to web application, we must have
prepared a traveling schedule data as covert data to same format. After that, we must be
created the centralize database for support calculation by ant colony algorithm. In part
of user interface what they select time schedule complete, the system collects to
centralize database for calculate and sequel table. Finally, we show the methodology of
the optimal routing model as shown on figure 3.3.

Finding Relate between
Time and Node

\4 4 A 4

Source and
Destination

Travel Time Waiting Time

A4

Create Model

A 4

Apply Model to Web
Application

A 4

Create and Import Plane,
Bus and center Database
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v v \4

Plane Bus Center

| ®

Calculate Travel Time and
Waiting Time each pair

v
Sort waiting time (first priority)
and Selection second priority)

v

Show Travel Schedule on Web
for users discuss.

Select Travel Schedule 4,@

A4

Show a result

A 4

< Complete >

Fig 3.3 The Methodology of the optimal routing model
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3.4 Applying Optimal Routing Process

We have the case study for applying the model by selecting travel from
Bangkok to Mae Sa Riang at Mae Hong Son province where has one transit point at

Chiang Mai province. They have 56 time schedules which can travel to destination.
Table 3.1 Activity Plan

Activity Plan

Activity

Jun-15
Jul-15
Aug-15
Sep-15
Oct-15
Nov-15
Dec-15
Jan-16
Feb-16
Mar-16
Apr-16
May-16

Motivatio

n/Inspirati

on

Review

reseach

Chapter 1

Chapter 2

Chapter 3

Proposal
Thesis
MITi
Conferenc
e2nd

Progress
Thesis
1/2015
Chapter 4
Chapter 5

Defense
Thesis
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CHAPTER IV
RESULTS AND DISCUSSION

We discussed about methodology in chapter 3 which will be used to this
chapter for find the optimal route from model which build up from previous chapter. In
this here, we use tools in solving solution of model which is HTML5, SQL and PHP.

4.1 Data Collection for Prepare Analyze the Optimal Routing

As mentioned in the previous chapter we had selection the source is
Bangkok and the destination is Mae Sa Riang at Mae Hong Son province which has one
transit node at Chiang Mai province. For case study, we have select travelling from
Bangkok to Chiang Mai province by airplane of NokAir airline and Chiang Mai

province to Mae Sa Riang at Mae Hong Son province. The detail of schedule time thus.

el : agewmwe (eauiase) Ml 1iaeluai
W. 27 u.A. 2559

1,300.93 umn 1,020.56 umn 1,020.56 v 1,300.93 um 1,394.39 u

aan fi el Asavtiu PROMOZ NOK ECO NOK FLEXI

06:50 08:00 DD8302 B737-800 1.300.93 2,702.80
09:05 0:15 DD8306 B737-800 1,394.39 2,702.80
12:40 3:50 DD8312 B737-800 1.30093 2702.80
13:40 14:50 DD8314 B737-800 1,300.93 2,702.80
14:30 15:40 DD8316 B737-800 1,020.56 2,702.80
16:30 7:40 DD8318 B737-800 1,300.93 2,702.80
19:00 20:10 DD8324 B737-800 1,300.93 2,702.80
20:25 21:35 DD8326 B737-800 1,300.93 2702.80

Fig 4.1 Show the flight table of NokAir airline.
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a\ An wovhai [ daanfiaudegiasas adaehai (awa) 1 69 widasdau [ ye3aa a.wiazdog ]
Jusaaan ws, 27 unsiAu 2559

e I il 5
15

200 09:00 09:00 . 09:00 u. usulsyruuds 1 o) |

Wealwi-widsEoo sag

Weolmi-widsGoe 506 15 200 10:00 10:00 w. 10:00 w. wsuisvanauds 17 5] G
Weslmi-widsGoo sa6 15 200 12:00 12:00 u. 12:00 u. wsuilsvanauds 7} G
Weslmi-widsGoe sa6 15 200 14:00 14:00 u. 14:00 . wsuisvanauds 2 5 i:]
Weslmi-widsGoo sa6 15 200 15:00 15:00 u. 15:00 . wsuisyanauds 2 ol G
Waslmi-wiarGoy sa6 15 200 17:00 17:00 u. 17:00 u. wsuisvanauds 2 5 G
Weslmi-widrGos-yusim-widasdau 1.2 27 180 21:00 21:00 . 21:00 u. wsuisvanauds 7 o l-:l

Fig 4.2 Show the bus schedule of Prempracha transports.
From figure 4.2, We found that destination time same source time we have
to ask operator of Prempracha transports for accurate data. Both figure 4.1 and 4.2 would

have amount of instants which differ we will transform data in the same format.

4.2 Data Transformation of Travel Schedules

From the above data we must be transform data before being put in to the
system and decrease duplication data. By define to just 4 instants thus;
Table 4.1 Show the flight table of NokAir airline which be transformation already.

IDF Departure Arrival Time
F1 6:50:00 8:00:00 1:10:00
F2 9:05:00 10:05:00 1:10:00
F3 12:40:00 13:50:00 1:10:00
F4 13:40:00 14:50:00 1:10:00
F5 14:30:00 15:40:00 1:10:00
F6 16:30:00 17:40:00 1:10:00
F7 19:00:00 20:10:00 1:10:00
F8 20:25:00 21:35:00 1:10:00
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Table 4.2 Show the bus schedule of Prempracha transports which be transformation

already.
IDB Departure Arrival Time
Bl 9:00:00 12:30:00 3:30:00
B2 10:00:00 13:30:00 3:30:00
B3 12:00:00 15:30:00 3:30:00
B4 14:00:00 17:30:00 3:30:00
B5 15:00:00 18:30:00 3:30:00
B6 17:00:00 20:30:00 3:30:00
B7 21:00:00 0:30:00 3:30:00

When we transformed data already our will bring those data prepare to

website and test case with 100 users.

4.3 Prepare The Optimal Routing Model and Data to Web Application

We used HTML5 and PHP language combined with bootstrap framework
for build up website and phpMyadmin for database. We can simulation diagram for
working of the optimal routing model thus;

1.Activity diagram for users

The activity show step for using of user on website.

PLANE BUS
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Select Route :

v
O,

v

Complete Select Route

Show information Route

End

Fig 4.3 Show the activity diagram for users
2.UML Use Case Diagram

Optimal Routing Model

Query All Schedule Time

/ <<include>>
\ —
Select Schedule time Sort Time which minimum travel time
Actor N Tt R System
N <<include>> .
N - Admin

N -~

N -
<<exten\d>> Update Schedule time
N

N
N
N
N

N
Show Seclection Schedultime

Fig 4.4 UML Use Case Diagram
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Table 4.3 The use case description of select schedule time.

Use Case Name

Select Schedule Time

Actor

Users

Purpose

Select time both source and destination

Level

Primary Use Case

Preconditions

Users preview schedule time table

Post conditions

Users selected schedule time

Main Flows Actor Input System Response
1.Select time schedule both | 2.Keep information about
source and destination selection time schedule
Alternate Not selected
condition

Table 4.4 The use case description of query all schedule time.

Use Case Name

Query All Schedule Time

Actor

Users, System Admin

Purpose

Show all schedule time table

Level

Primary Use Case

Preconditions

Users must be selected source and destination

Post conditions

Users preview schedule time table

Main Flows Actor Input System Response
1.Select source and destination | 2.Show information about
schedule time table
Alternate Not selected
condition

Table 4.5 The use case description of sort time which minimum travel time.

Use Case Name

Sort Time which minimum travel time

Actor

System Admin

Purpose

Sort travel time

Level

Include Use Case
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Table 4.5 The use case description of sort time which minimum travel time. (cont.)

Preconditions

Select source and destination

Post conditions

Show at least travel time of these schedule.

Main Flows Actor Input System Response
1.Select source and destination | 2. Show at least travel time
of these schedule
Alternate Not selected
condition

Table 4.6 The use case description of update schedule time.

Use Case Name

Update Schedule Time

Actor System Admin
Purpose Collection new record to database from selection of users
Level Include Use Case

Preconditions

Summited schedule time both source and destination

Post conditions

Update new record

Main Flows Actor Input System Response
1.Submitted schedule time 2. Update new record to
database
Alternate Not submitted
condition

Table 4.7 The use case description of show selection schedule time.

Use Case Name

Show Selection Schedule Time

Actor Users
Purpose Confirm information schedule travel time of users
Level Primary Use Case

Preconditions

Users must be selected source and destination for travelling

Post conditions

Users confirm
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Table 4.7 The use case description of show selection schedule time. (cont.)

Main Flows Actor Input System Response

1.Users must be selected source | 4. The system  show
and destination for travelling information about schedule
2.Users must be schedule time | travel time

both source and destination
3.Users must be submitted

schedule travel time

Alternate Not select schedule time

condition

For final part that we brought process designed from above to develop web
application for test model. Users will use test by this web amount 300 people. After that

we will bring the result from testing for analyze.
SHOW MINIMUM TRAVEL TIME FOR ROUTE

NODE1 NODE2 Waiting TIME Travel TIME SELECT

F4 B5 01:10:00 05:50:00 74

BKK to CHX : 27/01/2016 (+1 hr for check-in)

Select IDF Departure Arrival Time

F1 06:50:00 08:00:00 01:10:00
F2 09:05:00 10:05:00 01:10:00
F3 12:40:00 13:50:00 01:10:00
F4 13:40:00 14:50-00 01:10:00
F& 14:30:00 16:40:00 01:10:00
F6 16:30:00 17-40-00 01:10:00
F7 19:00:00 20:10:00 01:10:00
F8 20:25:00 21:35:00 01:10:00

CHX to MSR: 27/01/2016

Select DB Departure Arrival Time

B1 09:00:00 12:30:00 03:30:00
B2 10:00:00 13:30:00 03:30:00
B3 12:00:00 15:30:00 03:30:00
B4 14:00:00 17:30:00 03:30:00
B5 15:00:00 18:30:00 03:30:00
B6 17:00:00 20:30:00 03:30:00
B7 21:00:00 00:30:00 03:30:00

submit

Fig 4.5 The example web application for test the optimal routing model

You select your travelling follow below:

D1 Departure Arrival Time Wating time1 D2 Departure Arrival Time Wating time2 Travel Time

F2 09:05:00 10:05:00 01:10:00 01:00:00 B5 15:00:00 18:30:00 03:30:00 04:55:00 10:35:00

Fig 4.6 Show the result about time for selection schedule travel time.
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4.4 Result

After build model completed we had put schedule time into model. As a
result, we found that if the waiting time more value, the travel time is more accordingly
because the waiting time is the variable which can be changed as the selection schedule
time both source, transit and destination node. But the travel time of each schedule time

that it is always constant.
SHOW MINIMUM TRAVEL TIME FOR ROUTE

NODE1 NODE2 Waiting TIME Travel TIME Count
F3 B4 01:10:00 05:50:00 76
Fd B5 01:10:00 05:50:00 51
F7 B7 01:50:00 06:20:00 16

Fig 4.7 Show minimum travel time for route
The final test result, we had web application to take the test by 300 users.
We expect that users will select the schedule time which uses at least time that is F4 to
B5 or F3 to B4. As a result, that the schedule is more selected is F3 to F4 which was
selected by 76 users (25.33% of total), F4 to B5 was selected by 51 users (17% of total)
and F7 to B7 is selected by 16 users (5.33% of total) as shown on figure 4.7.

Statistics route selection of users

o N
o O o o

Number of selection
N W b~ O1
o O O

[ERY
o O

1357 91113151719212325272931333537394143454749515355
ID travel time schedule

COUNT

Fig 4.8 Show the selection schedule time of 300 users from web application.
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4.4 Discussions

From the results, we can see that the introduction of Ant Colony
Optimization Concept applications with Multimodal Transportations System affecting
the decision to test is the number one. Since the beginning of the test will not know that
travel time schedule where it would take to travel faster and best route that is similar to
the concept of Ant Colony, which will be distributed to each route. to find the most
appropriate path or global pheromone trail for others. In this way, the probability that a
randomly or exactly when selecting travel time schedule it for a test to see Travel time
schedule has been selected from the previous test. Of course, when Travel time schedule,
it was much more choice. The next test, it is likely that a greater selection Travel time
schedule as well.

The researchers chose Ant Colony Optimization Concept is because in all
these Swarm Intelligent, Algorithm Ant Colony Optimization Concept is the Algorithm
to Search Algorithm and the results were better than the others in terms of getting the
Multimodal Transportation. It is in the nature of the trip as well. The only difference is
that the public transport system and are changing more than one mode of transport that
form Multimodal Transportation. A transportation system that emphasizes convenience
and need to change the mode of transport to a minimum. In this research, has chosen to
Minimize Waiting Time for change transport modes. Of course we all want to waste
time traveling to a minimum in order to reach the destination. Even a change of mode
of transportation much. Time to handle the greater the Waiting Time with the Waiting
Time travel times will increase much further we have the Ant Colony Optimization
Concept application with Multimodal Transportations System for the duration of the
trip. Minimal

The important thing now is the time to be a time figuring out the time from
the itinerary of each point only. Does not include how long we have to change the travel
mode of transport to another mode of transportation. The delay in the middle of each
mode. Which itself is a disadvantage of this system. If we want to know the exact timing
for this trip was we need to adopt different variables related to relationships and applied

to the model. In order to get more accurate results.
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CHAPTER V
CONCLUSIONS

5.1 Conclusion

From the results in previous chapter, we conclude that the optimal model
routing for multimodal transportations depends on 2 main variables, give as the waiting
time and the travel time for each scheduling time. The total travel time would have more
or less it will depend on the waiting time of the selection schedule time previously. Not
only the previous selection schedule time but also depend on the selection next schedule
time. However, the travel time of each schedule time is a constant if it is same mass
transportation. When we brought model release on web application for test it as a result
that there are a number of users 200 people who test the selection route from Bangkok
to Mea Sa Riang, Mae Hong Son province had selected schedule time F3 to B4 is
25.33% of all users, F4 to B5 is 17% of all users, F7to B7 is 5.33% of all users and other
(53 schedule time) is 52.34%. The results of testing, we expect that users could be select
F4 to B5 or F3 to B4 because the model has showed the optimal routing is them which
use at least the total travel time from all schedule time. The advantages of this research
were, it helps to decide the selection optimal routing in view of the time and not only
decide but also tell popularity of route as well. The results from testing of users it reflects

that the optimal model it helps travelers decrease the travel time as well.

5.2 Limitation of Research
The creating model exclude the speeds of transportation, delay, cost and
convenience so it may lack of component to decide. In addition, the value of travel time

is accurate.
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5.3 Future Work
This research can apply to public transportation whether mass, freight or
even develop to the eco-system. In addition, if include cost and convenience into model,

it is easy to decide.
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Abstraet— A mmli modal transportation 1= mmportant for
travelling of people and goeds. This research only focuses on people
who have travelled aroumd the world. Generally, moving must consist
of mora two nodes mdea::hncdehuamodeuftanspurb‘hmwhmh
called “Mass transportation”. We use Ant Colemy Optomization
(ACOY to mmprove the selacting optmal routs. Moreowver, it has
collactinz schedules each nodes mcluding a collecting record of
tourists az well In additton, the waiting time has a vanety of
importance to szlact nodsz for a changing moda. Finally, the sreat
nodez nzed schadules consisting of time, cost and the waiting time.

Keywords—Multt modal transportation, Mass transportation,
Anr Colony Opamizanon(4dC0), The waiting time

I. INTRODUCTION

Now a day, the tourism’s industry has the role and the
Jmponan:,e of Thailand. It’s the source of revenue [1] that
important to country so it's also the jolly economic as well.
We observe that the revenue of tourism is growing since 2007
to July 2015 [2] which we see from figure I

Fiz. 1. Thiz graph show the revenue from the tourizm industry since 2007
to Fuby 2015 in Thailand

Although, it would has events that effect to whatever
tourism but it was little affect the traveler The traw elling of
the traveler that depend with many factors such as times,
costs, hostels and alse include convemence. In addition, the
tourist yvet need to the convenience for tourism, in order to

travel from node to another node[3] We see that traveling
must have change nodez at least two nodes which
characteristic called "Multi modal transportation”. Of course,
Transportations have people and goods which depend on three
variables as travelers, different modes of transportation and
different cperators, other than the man aim of multi modal
transportation is the movement or trip. We show the cheaply
multi medal transportation follow to figure 2. Generally, the
travelling form point to another point has to wat for tr
whether 1t be rail, bus, plane or boat which these call that
“Mass tramsportation”[4]. Waiting be held to be one of the
mmportant factor for tounst which will affect to feel of they.
Therefore, this research focus it By use Ant Colony
Optimization (ACO) algorithm for helping to develop the
selecting route optimal of tourist for convenience.

PLANE DESTINATION
BUS
INITIAL
BOAT
TRAIN

Fig. 2. The chaaply ol modal transportstion

[5]Ant Colony Optimization (ACO) 15 the coumterfeit of
behavior's ant. Normally, the first finding a food of each ant
that often random selected route to destination. When the first
ant selected route it would release pheromone along the path
to destination. All the routz would have pheromone, when
they choose to use the path After, next ants would decide for
select optimal route by 1t decided From quantrty of pheromons
of each path Every time, they selected a paﬂ‘l would have
update pheromone and whenever the path wasn't selacted by
them and it would evaporate until away. We will see behavier
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of ant that they often have swarm behavior or also kmown as
“Swarm Intelhgence (SI)”. Commonly, [6] it would have the
agent for action around it which called *Zone of repulsion™
By many agents around zone of repulsion will call “Zone of
attraction™ and the inferaction that distributed then those
agents have the behavior same the focal agent would call
“Zone of alignment™ see that fizure 3.

/ I
/' Zone of alignment ‘

Zone of attraction

Zone of repulsion

Fiz 3. Show pattem of swarm intallipence

The troubleshooting for waiting of tourist, mn order that
move a node to another and helping to choose the optimal
route for the convemence of them. We will apply ACO with
this research for the selecting route system have high
performance and still lead tourist to destinations as required
include recommend the selecting route as well.

II. TRAMEPORTATION PROELEM

Currently, the number of tourist in Thailand there are more.
As a result quantity of mass transportation lackmg to service
then effect to waiting of tourist. So it will be considered for
the selectmg route. Waiting held that iz the mmportant factor
for update path. If any node have more walting time, it will
fezl bad and waste of time to tourist. Most of sach terminal
would tell time for amive, departure and trawvel but often
wouldn’t tell waiting time therefore they can’t correct estimate
time for travelling.

TABIEL EXAMPLE TAELE [NFORM! TIME FOB, THE TRAVELLING
Initial | Destination | Departure | Arrive | Time
Bangkaok Korat 18.00 21.00 3
Bangkok Phulcet 2230 0830 10
Chonbur: | Mea sod 14.00 00:00 10
Nan Banglok 0930 1030 1
Loei Banglok 11.00 23.00 12
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From figure 4, we will see that each node will have
parameter 15 define for travellmg when M; i1z mode of
transportation form node 1 to node j |, t 1s time for travelling, w
15 waiting time, ¢ 1z cost and d is distance.

Of course, when have compare between nodes for the
selecting route to convenience. If each nodes was selected for
compare then it equal but has one factor helpmeg to decide for
selecting node is waiting time(w). Since it will effect to feel of
traveler to loss time.

W z={trw.c.d}i; My ={trw,c,d}zs

Mys={trw.e.d} 3 M, = {tewedls s

Fig. 4. Show pattern for travelling by have the contral factar

ACO waill has the role for tracing and improve then record
m table by will use Ant Colony System (ACS) which is
algorithm of ACO and popular in transportation field. Mostly,
ACS will along have process 3 step thus:

*  Select route

*  Releass pheromone

*  Construction completed by each ants

+  Improve solution to movement evaluate
+  Update pheromone

Thereby, we will use the ACS for improve performance of
mass transportation and include helping to decide the selacting
route of tourist as well.

We apphied ACS wath this research by use the problem was
found that iz waiting time for each node. Of course, when
tourist need to travel form node to another node which often
considered time and cost to be decide for traveling. Generally,
before tourist will have mformation for traveling tell
according to various such as web board, social metwork or
spread widely which this behavior will same release
pheromone. In thiz section, will been collected m routmg
table. In fact, moving from imitial node to destination node on
the way not only one node but still have other nodes that can
changed node to destination In this segment, will have
collected and wsually update local pheromone when have
selecting node for change. In addition, this part will waiting
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time for decide the selecting node. We will improve this part
for increase performance.

Form figure 4, we desmigned collecting data in database by
routing table will have 9 instance and all table will have
tracing with counting. If routing table hasn’t record input data.
Tt will create new transzction and start count. But, when have
input data zo have the criginzl data it will count. After, all
transaction will been call when have user (tounst) need to
check traveling of them. We see diagram follow to figure &
which use ACS for improve the system.

L4

Der | Sart | Mew W itimg
retial Diode | Time | Com o
Batiom | Node | lNode ame
St | DNemt Waitime
Imin Bods | T | Com oot
Desti- | S | TNem ‘Watimg
Tririal Mbads | Tema | Co= o
paccn | Dods | Mods ‘mms

o

Fig. 5. Collecting data in database for using.

After, we have the sample for testing the system was
improved ACS. By this sample come from a groups of tourists
need to travel from Chiang Mai to Kho Lam.

IV. RESULT AMD DISCUSSICN

We have set 1 case for an example in order to test the
method was developed by ours. A group of towrists need to
travel from Chiang Mai to Khe Lam by have behavior
changing node as following table IL

From table II, we will se2 input the requirement of the first
tourizt so it will been collected to datzbase for information of
the next tourist. Whenever it was called for review by tourist
50 they submit it will be counted as following table III.

Track EG-Engineering, Science, and Technology Managemeni

Next case, walting time can change any time then the
system can be update amy time for the wating ttme. In
addition. when have occur the new change node the system
will be created the new tramsaction so record to database

follow table IV

- -
ot ]

HFe. 4. Show ingat data flewr of user.

We will sze that if have the center system for record the routs
of each tourists, it will easy to them. Therefore, all tourists
need to convenience for traveling. Of course, they will have
plan for tourism but to make better should will have the
recommendation system that whichever change node is
popular for the traveling of tourists. Whereas, every node will
havethewtmgtmeforchangmgmde Therefore, we
shouldadditturecurdﬁ)rﬂleympredimihei:arcm'plm
ever more. And it also effect to the mental and the selecting
route as well
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TAELEIL TAELE ROUTDNG OF TRAVELDNG FORM CHIANG MAT TO EEO FREFERENCES
LARN
[+
... | Desti | Start | Next S o [11 Tourizm mwestment, "Findsmentals of Thailand”, wpublished.
Initi | otio | Nod | Nod | MO | Time | cgu | VR | : e o
al o e e 3 gtime | o [2] Deparment of toursm "Thailand tourizm sitmetion”, Minisoy of
t Tourizm and Sports, wal. §, pp. 1-13, 2015
Arca | Mo Bus 00:00 550 00:15 [31 ML Feem Fawzy, Mulimodsl wransportstion syzstemsmodelling
de3 | chut2 . : challenzes, Obzarvation of the Unfvarsiy, 2012,
G | g | o | T2 | Bus | 0230 | 120 | o0o (4] T Seblsnp, ‘How did Thalend Develop the Dublic
nz Lam [ B 1 Transpartation Sy 7", exeortive jounsl Thailand, val. 4, pp.
Mlai va ar Buz 00:20 40 00:20 55-38, 2011
H-a.rh Eho Baoat 0050 ) a1s [ Jahn E. Bell and Patrick B hichullen, " Ant colary optintization
or Lam - = - techmigues  for the wehicle routng p\mblm‘_ Advanced
Tatal 1240 740 01:00 Engjnesring Informatics, vol. 18, pp. 41-38, Taby 2004.
[6] IML Miller, A Kolpas, TP. Tuchem Neto and LF. Roesi"A
TAELEML TAELE ROUTDF: OF TRAVELDE: FORM CHIANMG MAT TO EED Contirwam Three-Zome  Modsl for Swamms", Bullstin of
LARN Mathematical Biology, vol 74, pp. 536-561, Juby 2011
.. | Desti | Start | Next i
Imiti - - Mod . Waitin | Co
al nnnm N:d l\:d s Time | Cost gtime | unt
iﬁ_‘? dl‘mlf,z Bus | 08:00 | 550 | 0015
Cin | g | oo | P2 | Bus | 0230 | 120 | 000
nz Patz | Harb 3
Mg | Lom | Pamm B g, g0 [ a0 | oo | B
Farb | Kho | Boar | 0050 | 30 | o015
Tatal 12:40 | 740 | 0L:0D

TABLEIV. UPDATE THE NEW CEHANGING NODE

. | Dest | Start | Next - o
Tmiti | .- Mod | Ti Waitin
al inafi | Nod | Nod e i Cost £ fime un
on [ e t
at | om m:“ %}J 1200 | 01:00
Chia Ko M | BEE
ng Ajrp | Harb - 0I: e
Mz Lam ot p Van 0 100 0015 4
Pamz | Fho 00: 2 13
e I Eoat 50 30 00:15
I
Totzl 2;3 1,330 01:30

V. ConcrusTon

We conclusion that having ACS in system helping to
tourists can select the comfortably traveling and meets the
requirement of them. Benefit of this research have 3 mains
hence 1) tourist can predict plan for using cost and time 2) the
system collect all route when have recording 3) evervbody can
review before record for decide in the selecting path. But this
systemn would collect all route when have recording. As a
result, when have increase the quantity informetion will be
slow query information. Althoush it's slow but can accuracy
query information. In addition, having schedule each nods to
help more easily decision of travelers.
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