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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. 
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รูปแบบการก าหนดเส้นทางท่ีเหมาะสมท่ีสุด ส าหรับการขนส่งอยา่งต่อเน่ือง, ลดระยะเวลาในการรอ
คอย 
OPTIMAL ROUTING MODEL FOR MULTIMODAL TRANSPORTATIONS, MINIMIZE 
WAITING TIME 
 
ธนวฒัน์  บ ารุงไทย  5736265  EGIT/M 
 
วท.ม. (การจดัการเทคโนโลยกีารสารสนเทศ) 
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โษฑศรั์ตต ธรรมบุษดี, Ph.D. 

 
       บทคดัยอ่  

 อุตสาหกรรมการท่องเท่ียวในประเทศไทยถือเป็นอุตสาหกรรมหลกัท่ีน ารายไดเ้ขา้สู่
ประเทศไทยไม่ต ่ากว่าหลายแสนลา้นบาทต่อปี เน่ืองจากประเทศไทยนั้นมีแหล่งท่องเท่ียวมากมาย
ไม่วา่จะเป็นดา้นธรรมชาติ, ประวติัศาสตร์, หรือแมก้ระทัง่ตลาด การท่องเท่ียวเหล่าน้ีจะขาดไมได้
เลยคือการขนส่นมวลชนหรือการขนส่งสาธารณะ ซ่ึงมีบทบาทค่อนขา้งมากต่อการขนส่งนกัเดินทาง
ไปยงัจุดหมายปลายทางต่างๆและมีผลต่อการตดัสินใจต่อการเลือกการเดินทางอีกดว้ย ในงานวิจยั
ช้ินน้ีจึงเล็งเห็นวา่เวลาคือหน่ึงในตวัแปรหลกัท่ีส่งผลต่อการตดัสินใจในการเดินทางแน่นอนว่าการ
เดินทางจากตน้ทางสู่ปลายทางท่ีนกัเดินทางตอ้งการ โดยส่วนใหญ่แลว้มกัจะมีการเดินทางหลายต่อ
และต่างรูปแบบการขนส่งซ่ึงเรียกวา่ “การขนส่งอยา่งต่อเน่ือง(Multimodal Transportations)” เราจึง
ได้สร้างโมเดลข้ึนมาเพื่อหารูปแบบเส้นทางท่ีเหมาะสมท่ีสุด(Optimal Routing Model) เพื่อให้ได้
เวลาท่ีดีท่ีสุดในการเดินทาง โดยมีตัวแปรเวลาการเดินทาง(Travel time)และเวลาการรอคอย
(Waiting Time)ส าหรับการเปล่ียนการขนส่ง จากการทดสอบโมเดลจากผูใ้ช้จ  านวน 300 คน ผล
ปรากฏวา่จ านวนผูใ้ชม้ากกวา่ร้อยละ 25 ไดเ้ลือกเส้นทางซ่ึงใชเ้วลาส าหรับการเดินทางนอ้ยท่ีสุดตาม
ค าแนะน าของระบบท่ีไดจ้ากโมเดล 
 
42 หนา้   



 vi 

 

CONTENTS 

 

 

  Page 

ACKNOWLEDGEMENTS  iii 

ABSTRACT (ENGLISH) iv 

ABSTRACT (THAI) v 

LIST OF TABLES     ix 

LIST OF FIGURES  x 

CHAPTER I INTRODUCTION  1 

   1.1  Background 1 

   1.2  Objective 2 

   1.3  Scope of work 2 

   1.4  Expected result 3 

   1.5  Process of work 3 

CHAPTER II REVIEW LITERATURE 5 

   2.1  Ant Colony Optimization 5 

     2.1.1 Ant System 5 

     2.1.2 Ant Colony System 5 

     2.1.3 The ACS pheromone system 6 

   2.2  Multimodal transportations 7 

   2.3  Transportations and mass transportations 8 

  2.3.1  Transportation infrastructure  9 

  2.3.2  Modes of transport   9 

  2.3.3  Multimodal trips   10 

  2.3.4  Transfer points   10 

   2.4  Mass transportation in Thailand 10 

 2.4.1  Mass transportation by land  11 

  2.4.2  Mass transportation by water  11 

  2.4.3  Mass transportation by air   11 



 vii 

 

CONTENTS (cont.) 

 

 

     Page 

   2.5  Relate of work 13 

CHAPTER III RESEARCH METHODOLOGY  17 

   3.1  Research Requirement and Model Development  17 

   3.2  Understanding Factors Affect Model  17 

   3.3  Build Optimal Model for Multimodal Transportation 18  

   3.4  Applying Optimal Routing Process  22 

CHAPTER IV   RESULTS AND DISCUSSION   23 

   4.1  Data Collection For Prepare Analyze The Optimal Routing 23 

   4.2  Data Transformation of Travel Schedules  24 

   4.3  Prepare The Optimal Routing Model and Data to Web Application  25   

   4.4  Result   30 

   4.5 Discussions  31 

CHAPTER V   CONCLUSIONS   32 

   5.1  Conclusion  32 

   5.2  Limitation of Research  32 

   5.3  Future Work  33 

REFERENCES      34 

APPENDIX      37 

 Technical Paper of 2015 International Conference on Information  

 Technology 37 

BIOGRAPHY 42 

 

 

 

 

 

 



 viii 

 

LIST OF TABLES     

 

 

Table  Page 

2.1 Statistics of domestic transportation passenger during 2009-2013 12 

3.1 Activity plan 22 

4.1 Show the flight table of NokAir airline which be transformation  

Already 

24 

4.2 Show the bus schedule of Prempracha transports which be 

transformation already 

        25  

4.3 The use case description of select schedule time                              27 

4.4 The use case description of query all schedule time         27 

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

 

        27 

4.6 The use case description of update schedule time 

 

28 

4.7 The use case description of show selection schedule time 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ix 

 

LIST OF FIGURES   

 

 

Figure  Page 

1.1 The number of tourists and tourism revenue from 2012 to 2015           1 

1.2 The cheaply multimodal transportation 2 

1.3 Process of work 3 

2.1 Pattern selecting the best route of ant           6 

2.2 The general structure’s ACO                                7 

2.3 Multimodal transportations 8 

2.4 Mass transportations 9 

2.5 Statistics of domestic transportation passenger during 2009 - 2013 12 

2.6 Compare DTPOS and without ACO solution 14 

2.7 Compare IACO and Shortest Time 15 

2.8 Compare Dijkstra, PACO, HRS and AVCAS  15 

3.1 The example for the calculation total number of schedule 18 

3.2 Show the factor for build optimal model 19 

3.3 The Methodology of the optimal routing model 20 

4.1 Show the flight table of NokAir airline 23 

4.2 Show the bus schedule of Prempracha transports 24 

4.3 Show the activity diagram for users 26 

4.4 UML Use Case Diagram 26 

4.5 The example web application for test the optimal routing model 29 

4.6 Show the result about time for selection schedule travel time 29 

4.7 Show minimum travel time for route 30 

4.8 Show the selection schedule time of 300 users from web 

application 

30 

 



Fac. of Grad. Studies, Mahidol Univ.                            M.Sc. (Information Technology Management) / 1 

 

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].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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]. 

 

 

 

 

 

 

 

 

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 
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Fig. 1.3 Process of work 
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CHAPTER II 

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       

 

 

 

 

 

 

 

 

 

 

 

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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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 

Start 

Release pheromone trails 
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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. 

 

[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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 
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    (a)      (b) 

 

 

 

 

 

 

 

 

 

  (c)      (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. 
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s 

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 a result, 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. 

 

 

 

 

 

 

 

 

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 III 

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  1 2 3 fS S S ... S        (3.1) 

  When S is the number of schedule each nodes 

   f  is the order of transit node  

  

  

 

      

 

 

 

 

 

 

 

 

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 S1, S2, and S3 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. 

 

 

S1 S2 S3 
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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,j  is a travel time to node for transit 

i jX ,wt  is a waiting time 

iX , jt   is a  travel time from transit node to next node 

i  = 1,2,3,…,n where 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 

 

i j i i 1 j i 1 i 2 j i 2

i n j i n

total A,j x ,w x ,j x ,w x ,j x ,w x ,j

x ,w x ,j

t =t t t t t t t

... t t

   

 

      

 
   (3.2) 

 

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

for finding optimal rotheuting of multimodal transportations. 

 

i j i

n

total A,j X ,w X ,j

i=1

t =t (t +t )      (3.3) 

 

ttotal is a 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. 
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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  
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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. 

  

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1 Show the flight table of NokAir airline. 
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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 

B1 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 

CENTER 

1 2
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Fig 4.3 Show the activity diagram for users 

 2.UML Use Case Diagram  

Actor System 
Admin

Select Schedule time

Query All Schedule Time 

Sort Time which minimum travel time

Update Schedule time

Show Seclection Schedultime

<<include>>

<<extend>>

<<include>>

 

Fig 4.4 UML Use Case Diagram 

 

Select Route 

Complete Select Route 

Start

1

Show information Route 

End

2
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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 

source and destination 

2.Keep information about 

selection time schedule 

Alternate 

condition 

Not selected 

 

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 

condition 

Not selected 

 

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 

condition 

Not selected 

 

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 

condition 

Not submitted 

 

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 

and destination for travelling 

2.Users must be schedule time 

both source and destination 

3.Users must be submitted 

schedule travel time 

4. The system show 

information about schedule 

travel time  

Alternate 

condition 

Not select schedule time 

 

 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.  

 

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

 

 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.  

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

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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