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Abstract: One of the industries with the fastest growth rates worldwide, and notably in Thailand, 
is medical tourism. With connections to Cambodia and Laos, Ubon Ratchathani is located in lower 
northeastern Thailand, close to Vietnam and Myanmar. Therefore, there is a significant chance that 
this region will welcome medical travelers. High-quality medical facilities are available in Ubon 
Ratchathani to fulfill the needs of medical tourists. A visitor’s decision to travel to Ubon Ratchathani 
for medical treatment is influenced by factors other than the high-level medical facilities, such as 
lodging, accessibility to public transportation, and tourist attractions. The public transportation ser-
vices in Ubon Ratchathani, especially the public bus system, are poorly designed and may let down 
visitors. The purpose of this study is to develop a smart public bus route design that will meet 
tourists’ demands. The concept of open innovation will be utilized to develop the model. We sur-
veyed 400 visitors to Ubon Ratchathani. The tourists’ opinions and views of public transportation 
will be made public and used as an input parameter when designing bus routes. The bus route can 
then be constructed using the differential evolution algorithm (DE). A web-based smart public 
transportation system was built. In order to construct an efficient smart public bus system (SPBS), 
open innovation was used in the development phase. According to the computational results, the 
new routes using DE lead to a 5.97% reduction in travel distance when compared to the output of 
the more well-known genetic method. More than 98.5% of visitors are satisfied with the new routes, 
and once they start running, 99.5% of all respondents plan to use public transit. 
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1. Introduction 
Ubon Ratchathani is a province located on the northeastern border of Thailand. Bor-

dering Laos and Cambodia, its length is 428 km. Ubon Ratchathani has a reputation for 
excellent and low-cost medical treatment [1]. As a result, it is accepted by foreigners living 
in Thailand and neighboring countries. According to Future Market Insight (FMI) [2], 
Thailand’s tourism market, which was estimated to be worth USD 57 billion as of 2022, is 
anticipated to expand around 3% yearly, and reach USD 76.60 billion in 2032. The abun-
dance of tourists and the desire for Thai tourism are anticipated to expand due to the 
country’s rich history, nature, and cuisine, among other things. More than 7,727,693 peo-
ple crossed the border in the greater Mekong subregion in 2021, according to the Foreign 
Affairs Division of the Office of the Permanent Secretary of the Interior [3], and more than 
83.79% of those crossing the border were tourists, including both medical and general 
tourists. 

One of the fastest-growing international business in the tourist sector of developing 
nations is health tourism, which is a relatively new form of travel. The act of traveling 
abroad to receive medical care is referred to as “medical tourism” [4]. Medical tourism, a 
growing industry associated with potential tourist motivation, represents a global phe-
nomenon in the field of health care. Due to its low cost of living and the availability of 
medical treatments that comply with international standards, Thailand holds the largest 
market share in its region for health tourism, accounting for over 38% of Asian countries. 
The policy to establish Thailand as Asia’s medical hub is another way in which the gov-
ernment is supporting this. The Thai medical tourism industry also benefits from afford-
able costs and standards that are acknowledged globally. In addition to making many 
foreigners interested in receiving medical care in Thailand and encouraging future use, 
this policy also involves short treatment wait times. This demonstrates that Thailand’s 
healthcare sector has the capacity to successfully compete with other Asian countries that 
offer medical tourism, such as Singapore, Malaysia, and India. 

In Thailand, foreigners extensively use a range of medical services, from routine pro-
cedures, such as minor surgery, cosmetic procedures, and dental work, to more involved 
procedures for life-threatening maladies, such as neurological disorders, heart conditions, 
and musculoskeletal and joint problems [5,6]. In Ubon Ratchathani, Thailand, there are 
more than 511 medical service facilities. Muang District has more than 107 medical sites. 
All of the highest-quality medical services are available here. The following are the top 
hospitals for tourists seeking medical care: Ubonrak Thonburi Hospital, Sunpasitinter 
Hospital, Ekachon Romklao Hospital, Prince Hospital Ubon Ratchathani, Sunpasitthipra-
song Hospital, Warin Chamrap Hospital, Rajavej Hospital Ubon Ratchathani, and Fort 
Sunpasitthiprasong Hospital. Ref. [7] stated that the following criteria will be used to de-
termine which hospital Laotian medical tourists choose: (1) service quality and price, (2) 
place and access, (3) facilities, (4) tourism resources/attractions, (5) marketing promotion, 
and (6) responsiveness to individual needs. As a result, in addition to considering the ser-
vice, setting, value, and cost when choosing medical facilities, travelers should also con-
sider the hospital’s location, ease of access, and tourist resources and attractions. Although 
the local government sector must support the target market, develop marketing partner-
ships with other companies, support medical tourism, maintain a database of specialists, 
and improve the foreign language proficiency of medical staff in order to improve the 
quality of service, they must also take care of transportation, hotel infrastructure, and the 
connection of tourists’ transportation to the major attractions, including the medical cen-
ters [8]. Because medical tourists want more than only high-quality medical care, the 
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competitiveness of the destinations is growing. Tourists must consider attractions in a city 
as well as its transit options when making a final decision. 

Ref. [9] states that public transportation and tourism are co-dependent, and this idea 
is supported by [10,11]. Therefore, excellent public transport can support medical tourism 
activities directly. To travel to Ubon Ratchathani, there are a number of options: (1) take 
an international bus from Pakse, Champasak, Lao PDR to the bus terminal in Ubon 
Ratchathani, and then transfer to a local bus to reach the lodging or medical facility; (2) 
take a bus from Siem Reap, Cambodia, which then arrives at the Chong Sangam border 
crossing point, links with a Thai bus at the bus terminal in Ubon Ratchathani, and connects 
with a local bus to the lodging or hospital; (3) take a domestic flight to Ubon Ratchathani 
airport, connecting with a bus to the lodging or hospital, and then fly to Don Mueang 
Airport or Suvarnabhumi Airport; or (4) travel directly from Lao PDR or Cambodia to 
Ubon Ratchathani in a private vehicle. Figure 1 shows the details of the road transporta-
tion options from Ubon Ratchathani to the Loas and Cambodia borders. 

 
Figure 1. Details of road transport from Ubon Ratchathani to Loas and Cambodia borders [12]. 

According to Figure 1, three of the four options for travelling around Ubon 
Ratchathani by public transportation pass through the bus terminal, and there is also the 
option of taking the airplane, which departs from the airport. The number of medical tour-
ists is rising as a result of the need for well-planned local public transit from medical tour-
ists. Even though it takes just a few hours to reach the medical centers, there are not many 
foreign visitors who travel to Ubon Ratchanani on public international buses. This is due 
to the issue of the protracted wait for local buses at the bus station in Ubon Ratchathani. 
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Additionally, there is no guarantee as to how long it will take for a local bus or other form 
of public transportation to arrive at the bus terminal. Likewise, the bus routes do not in-
clude vital healthcare centers or accommodations for medical tourists. These problems 
arise for the following reasons: (1) there are not enough buses; (2) the bus route is not well 
planned; and (3) information about the trip time is not made readily available to the pub-
lic. The following problems will be discussed in this article as a solution to the medical 
tourists’ public transportation issue in Ubon Ratchathani: 
1. The travel itineraries of the current buses will be planned to include preferable hos-

pitals, lodging locations, and tourism hotspots; 
2. A smart bus service system will be designed to support medical tourists so they may 

access the timetable of their preferred buses and receive information about the bus 
network. 
This article will be organized as follows. Section 2 will feature associated works. The 

study technique will be discussed in Section 3, and Section 4 will present the results of the 
bus route design process’s initial stages. Section 5 gives the conclusions and managerial 
implications, while Section 6 discusses the limitations and future research. 

2. Related Works 
Traveling between an origin and a destination, as well as within the destination, re-

quires the use of transportation facilities and networks, which is inevitable. In contrast to 
the transportation arrangements between the origin and the destination, the dynamics 
underpinning tourist movement patterns and visitor behavior at the destination are more 
complex and less preplanned [13]. This problem is especially pertinent in urban locations 
because individual tourists frequently use public transportation to visit tourist attractions, 
despite the fact that they frequently lack familiarity with many of the local public trans-
portation options. According to [14], the most popular form of transportation for tourists 
is the networks of tourist-friendly metro lines that connect the major hotel districts and 
well-known attractions in cities all over the world. The accessibility of tourist attractions, 
however, depends more on the available transportation alternatives because they are also 
spread out in outlying places. Masiero and Hrankai [15] modeled visitor accessibility to 
side attractions with a variety of accessibility variables, including land use, transportation, 
temporal factors, and individual accessibility. 

For instance, city destinations are where the tourism is often concentrated in urban 
regions and other attractions in peripheral areas [16]. Visits to distant urban attractions 
frequently entail protracted journeys and the use of various modes of transportation. The 
literature on tourist attractions is replete with examples of how important transportation 
is at locations. Prior studies have addressed the development of transportation infrastruc-
ture and services using the analysis of visitor mobility patterns [17]. Due to the fact that 
local transportation options already meet some of the demand [18], it is critical to consider 
visitor preferences in light of the generally low demand for outlying urban attractions. 
The paucity of research on how visitors utilize and perceive local transportation networks 
makes it difficult to improve tourists’ consumption of urban attractions [19]. 

More research on the subject has been performed; in 2019, Grinberger and Shoval 
proposed allocating a bus for excursions during which tourists require varied amounts of 
time [20]. The bus allocation process is presented by [21], wherein transportation between 
various places is also considered. Less time is available for another activity when one ac-
tivity (such as transportation) takes up more time. The composition of a network of attrac-
tions inside a destination is reflected in the spatiotemporal distribution of tourists. A sys-
tematic understanding of the geographic distribution of attractions in the destination is 
provided by the core–periphery model of attractions [22]. A main attraction may draw 
more visitors than a secondary one, and a group of attractions may draw more visitors 
who stay longer than at a single attraction [23]. Tourist migration continuously alters and 
shapes a destination’s spatial structure. An understanding of the structure of the 
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destination and the relationships between destinations can be gained via mapping tourist 
movements [24,25]. The present trajectory of studies on visitors’ usage of urban public 
transportation and tourism in peripheral locations can thus benefit from a thorough anal-
ysis of tourist accessibility to peripheral urban attractions. By offering more discounts to 
regional bus operators with high demand, it will be possible to address the inadequate 
state of buses in Ubon Ratchathani. However, a management structure should be put in 
place to ensure excellent service and the maintaining of service standards, taking into ac-
count customer happiness and safety standards, in order to increase concessions for new 
operators [25]. 

The principle behind the new open innovation service design is that the service must 
be created using the demand and requirements derived from a pool of consumer infor-
mation; this information must then be utilized to create a service that satisfies the needs 
of the customers. In order to address the issue of service during COVID-19, the process 
was applied in the healthcare system [26], which offered non-bound collaboration 
amongst medical centers that share their diagnostic, treatment, and vaccine technologies. 
Ref. [27] put forth a list of guidelines for creating modular structures for new product 
designs. Ref. [28] used the open innovation concept to develop new products for elderly-
friendly food packaging that adheres to customer needs; it then created said packaging, 
and finally [29] developed platforms and channels in the hotel industry to collaborate with 
its guests in order to better understand their tastes and demands. We must thus use infor-
mation from medical tourists in order to develop the service for them, and thus implement 
the open innovation idea in our bus route design and ultimately support medical tourists 
in the target area. 

Open tourism was defined as a use of open innovation, crowd sourcing, and co-cre-
ation in tourism industries [30]. Many researchers worked in the theme of open data and 
open innovations in tourism. Watson R. et al. [31] initiated the open tourism consortium 
to promote the open tourism under the u-commerce model and enhance the tourist’s ex-
perience in the three phases of tourism including planning, touring, and reminiscing. 
Open data for tourism were also mentioned in many studies such as the Tourpedia [32], 
smart cities and tourism destinations [33], and the location-based recommendation system 
[34]. However, there are many challenges of using open innovations in tourism including 
the positive impact of open innovation in product and service development, turnover, and 
improving distinctive strength which relied on the innovation management model and 
technology adoption [35,36]. 

The following section will cover how the technology used to design the route and the 
system used to regulate the route drew from the pool of open technology that is now ac-
cessible. 

Three processes will be employed in constructing the smart bus system in this study: 
(1) using qualitative methods to survey passenger/tourist needs; (2) planning the bus 
route; and (3) designing the smart bus system. The problem statements, approaches taken, 
and outcomes of earlier studies addressing issues comparable to those in our research can 
be categorized into the following 13 groups. (1) the article’s results show that visitors pre-
ferred to use public transportation (VT); (2) the article’s results show that tourists prefer 
certain attractions (PA); (3) the article’s results evaluate the state of the existing public 
transportation (CPT); (4) the article’s conclusion tries to boost client satisfaction (PS); (5) 
the article’s conclusion tries to reduce the trip time (TD); (6) in the article, the attraction 
allocation for routing (AAR) approach is employed; (7) the geographic method is used to 
form bus routes (GEO); (8) the heuristics approach is used to form bus routes (HEU); (9) 
data mining is used to design the bus route (DM); (10) transportation outsourcing decision 
(OUT); (11) a smart bus is designed (BS); (12) whether the bus route supports medical 
tourism is evaluated (MT); and (13) whether the bus route design employs the idea of 
open innovation (OPN) is evaluated. Table 1 addresses the conclusions of all scholarly 
works. 
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Table 1. The contributions of the previous studies compared with the proposed methods. 

Relate Literatures VT PA CPT PS TD AAR GEO HEU DM OUT BS MT OPN 
[13] √   √          
[14] √   √          
[15] √   √          
[16] √ √  √          
[17]   √ √          
[18] √ √  √          
[19]    √          
[20] √             
[21]              
[22]      √ √       
[23]  √ √           
[24]      √ √  √     
[25]  √        √    
[26]    √         √ 
[27]    √         √ 
[28]    √         √ 
[29]    √         √ 

This study √ √ √ √ √ √  √   √ √ √ 

From Table 1, we can see that the research in this study collects all the necessary data 
in the same way as the previous literature, and the results are consistent with those of the 
other studies. However, we added another goal to the research, which is to take into ac-
count not only the tourists’ satisfaction, which we want to maximize, but also the travel 
distance, which is something that other articles do not do. Heuristics are used to address 
the bus routing problem, which is different from other approaches discussed in the related 
literature because the goal of our study is to reduce overall distances. The various tech-
niques suggested in the other articles are not appropriate for this. In this study, we devel-
oped a smart bus system to work in tandem with the designed transportation routes in 
order to maximize the usage of those routes. Of course, using our created routes has 
boosted medical tourism, although other related publications have not taken that into ac-
count. 

From the Ubon Ratchathani international airport to the city’s bus terminal, a service 
bus is available. It exclusively employs the five buses it has on hand to transport passen-
gers from the international airport to the bus terminal. It encourages Thai medical tourism 
in Ubon Ratchathani if these buses are designed to incorporate the other hospitals, clinics, 
lodgings, and important tourist attractions. To our knowledge, a plan to assist the medical 
tourism system has not been specified in the area of urban and bus trip planning. The 
following are gaps in the research that we will address in our study: 
(1) In order to support the medical tourism system, the key players in the medical supply 

chain are included in bus route planning for the first time in this article; 
(2) Typically, bus routes are created using tourist preferences related to the attractions. 

However, in this study, the chain actors, such as hospitals, clinics, lodging facilities, 
and attractions, will be divided into various categories, which will have a significant 
impact on bus route planning. Hospitals and lodging are preferred based on their 
level of service and popularity, while tourism attractions are drawn from typical 
tourist attractions. 

3. Research Methods 
Open innovation or cooperative innovation is only significant when it is created in 

collaboration with everyone and for everyone. We employed the open innovation design 
concept in our research when creating the bus routes and the smart public bus system. We 
developed the bus route and its control system using the information provided by tourists, 
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with tourists in mind (to cooperatively construct the route that will be used by everybody 
involved in the medical supply chain). As a result, when customers utilized our system, 
it was designed for them, and we let them respond. We derived information on how the 
participants in the medical supply chain collaborated when designing bus routes that 
would service the chain’s clients. Two groups were established in this research method-
ology. The initial survey group was used to ascertain the opinions of visitors to Ubon 
Ratchathani. This procedure will reveal what the tourists believe about the current public 
transportation and whether it supports medical tourism. In order to conduct this study, a 
sample of 400 people in this group was given a questionnaire to complete. We utilized the 
Cochran method to ascertain the sample size [37]. In the second part, we used the data 
from the first section to build new bus routes that will meet tourists’ demands. The smart 
bus system’s design will be included in this section. A smart bus system that can encour-
age medical tourism in Ubon Ratchathani can be designed using the web application plat-
form. Figure 2 illustrates the four sections of the research that constructs a smart public 
bus system. 

 
Figure 2. Conceptual framework for the smart public bus system (SPBS). 

Figure 2 shows the conceptual framework of the smart public bus system (SPBS) be-
ing developed for Ubon Ratchathani. The SPBS of the Ubon Ratchathani airport bus was 
developed in four steps, as shown in Figure 2. These four steps are listed below. 
(1) Determine the demand for, and preferences of, tourists in relation to Ubon 

Ratchathani’s public transportation; 
(2) Based on the information from the survey obtained in step 1, choose the hospital, 

clinics, lodging, and tourism attractions; 
(3) Plan a bus route using the information from steps 1 and 2 in order to minimize the 

total traveling distance while maintaining the bus’s limited journey time; 
(4) Design the SPBS for airport buses using the IOT and GPS system. 

4. Research Results 
This section will be broken up into four sub-sections that correspond to the research 

methodological phases discussed in Section 3. 
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4.1. Public Transportation Requirement 
In order to conduct this study, a sample of 400 people was given a questionnaire to 

fill out. We utilized the Cochran method to ascertain the sample size. Table 2 presents the 
survey’s findings. The table shows the total number of responders as well as the deter-
mined percentage. 

Table 2. Demographic of the people who answered the questionnaires. 

Detail Number Percent 
Gender   
Male 228 57.00 
Female 168 42.00 
Not specified 4 1.00 
Age   
Below 25 y 103 25.80 
25–39 y 218 54.50 
Over 40 y 79 19.80 
Continent of origin   
Asia 298 74.50 
America 34 8.50 
Europe 38 9.50 
Australia 11 2.80 
Africa 19 4.80 
Occupation   
Student 84 21.00 
Government Employee 100 25.00 
Company Employee 94 23.50 
Self-Employed 83 20.80 
Unemployed 15 3.80 
Others 24 6.00 

According to the demographics of the respondents, 57% of them were men, 43% were 
women, and 1% did not specify their gender. The age range with the highest percentage 
of respondents (more than 54.5%) was 29–39 years old. For America, Europe, Australia, 
and Africa, the response rates were, respectively, 74.5%, 8.5%, 9.5%, 2.8%, and 4.80%. The 
respondent’s occupations included government employee, firm employee, student, self-
employed, unemployed, and others, with respective percentages of 25%, 23%, 5%, 21%, 
20%, 8%, 3%, and 6%. Since the majority of respondents have ties to Thailand as their 
country of origin, they travel there to receive medical care because the country offers ser-
vices of a higher caliber. Table 3 shows the motivations of tourists who come to receive 
medical services in Ubon Ratchathani. 

Table 3. Details of the required medical services. 

Detail of the Medical Service Number Percent 
Annual health check up 146 37.00% 
Common disease treatment 261 65.00% 
Specified disease treatment 57 14.00% 
Chronic disease 31 8.00% 
Others 112 28.00% 

Common diseases are those that do not require serious or specialized care. Allergies, 
colds, flu, conjunctivitis, diarrhea, headaches, mononucleosis, and stomach aches are ex-
amples of common diseases. The term “specified disease” refers to conditions that require 
specialized care, such as cancer, TB, kidney disease, and neurological conditions with a 
disability level of at least 40%. The term “others disease” refers to illnesses that are not 
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classified as either general or specific diseases, such as dental care and cosmetic and plas-
tic surgery. According to the results in Table 3, general disease treatment is the top reason 
for respondents to travel to Ubon Ratchathani for medical care, while yearly health checks, 
other diseases, specific disease treatment, and chronic disease treatment are ranked low-
est. 

As previously mentioned, the respondents use private automobile services more fre-
quently than other modes of public transit such as buses, trains, and so on. Table 4 dis-
plays the findings from our investigation into why the respondents prefer not to use pub-
lic transportation, and particularly the bus. 

Table 4. Reasons for tourists to not use public transportation. 

Reason Percent 
Inconvenient 10% 
Public transportation system does not cover all areas 30% 
Number of public buses is insufficient 15% 
Long wait time for the bus 30% 
Condition of the bus is not suitable for the temperature 15.5% 
Total 100% 

The sample group was made up of foreign nationals who live in Ubon Ratchathani 
and foreign nationals who travel there for medical care. In total, 10% of the tourists and 
travelers do not choose the public bus since it is inconvenient. Other explanations given 
include that the public transportation system does not serve all necessary locations due to 
the insufficiency of buses, their lengthy wait times, and their unsuitable conditions given 
Thailand’s climate, which amount to 30%, 15%, 30%, and 15.5%, respectively. From the 
open-ended questions in the questionnaires, the following suggestions were derived. In 
the inner city, certain districts contain historical and cultural sites, museums, restaurants, 
and gift shops, and it is an old town with winding streets and no parking. Many tourists, 
both Thai and foreign, come here, but it was discovered that several locations lack buses 
along the route. The major university in Ubon Ratchathani is situated in Warin Chamrap 
district, only 20 km from the bus terminal or 15 km from the city/airport. However, there 
are only two bus lines, which are rather slow because they have to travel through the 
downtown area before reaching the institution. Because of this, students ride motorcycles 
to travel to the bus terminal instead of using the public transportation system, which in-
creases the likelihood of accidents. This route is thus crucial for Ubon Ratchathani’s public 
buses as well. The next set of questions that we asked the tourists concern what should be 
improved in order for the tourist to change their mind and use public transport. The results of 
the subsequent questions are displayed in Table 5. 

Table 5. Tourists’ suggestions as to how to make public transportation better. 

How to Improve the Public Transport Percent 
Increase public transport services to cover more locations 45% 
Increase the number of public vehicles on every bus route 35% 
Increase the number of air-conditioned buses on all routes 10% 
Increase the number of air-conditioned buses on sightseeing routes around local at-
tractions 

10% 

Total 100% 

According to Table 5, the tactics proposed by tourists include increasing the number 
of significant destinations that the bus passes through, increasing the number of buses on 
all routes, increasing the number of air-conditioned buses, and incorporating attractions 
within the bus’s route. These suggestions were raised by 45%, 35%, 10%, and 10% of the 
tourists, correspondingly. We can infer from the analysis of the open-ended surveys that 
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a long-distance bus with a small number of passengers should be switched to a van. As a 
result, there will be more vehicles traveling the lengthy route. Because all vans come with 
air-conditioning systems, they are very convenient for the passengers. Since this may be 
set up as a shuttle bus system wherein passengers purchase a one-time ticket on the day, 
vans can be used instead of buses on routes to attractions and added to the bus schedule, 
stop where the travelers would like to look, and then continue to the next location. This 
solution will increase the popularity of tourist destinations [38]. The results of this section, 
which was intended to create bus routes for medical tourists, are as follows: 
(1) The bus’s itinerary should incorporate essential destinations, such as hospitals, clin-

ics, lodging, tourist attractions, universities, and important provinces; 
(2) There should not be such a large gap between buses, nor should they be predictable 

or recognized in advance; 
(3) The bus should be in top-notch condition, including the air conditioning, the engine, 

and the seats; 
(4) There should be enough buses (equivalent to two) on each route. 

In the next section, we will discover what locations should be integrated into the 
bus’s route to support the medical tourism system. 

4.2. Determine the Locations to Be Integrated into the Medical Tourism Bus’s Routing System 
The preferred hospitals, lodging options, and tourist attractions in Ubon Ratchathani 

are questioned in this section using the same questionnaire that was used in Section 3. We 
listed the top 20 hospitals, popular hotels, and the 30 most popular attractions. As such, 
70 locations were included in the route designed for the bus. The most popular medical 
centers that the tourists prefer are listed in Table 5. The survey asked visitors whether they 
were familiar with and plan to use the hospitals, lodgings, and attractions whenever pos-
sible. The proportion of respondents who favored these locations was calculated and is 
shown in Tables 6–8. The respondents could choose more than one location. 

Table 6. Top 20 most preferred medical centers in Ubon Ratchathani. 

Medical Center Name Percent Preference 
WIND Clinic 97.65% 
Ubonrak Thonburi Hospital 94.63% 
Smile Room Dental Clinic 89.99% 
Sunpasittiprasong Hospital 87.44% 
Chiwamitra Cancer Hospital 87.07% 
Rajavejubon Hospital 86.70% 
Prin Hospital Ubonratchathani 85.07% 
V clinics Ubon 81.43% 
Skin2U Aesthetic Clinic 81.13% 
The Clinic 79.42% 
Ubon Ratchathani Cancer Hospital 79.18% 
Sunpasitthiprasong Children Hospital 78.60% 
Fort Sunpasitthiprasong Hospital 75.39% 
Dental Space 75.06% 
Ekachon Romklao Hospital 70.24% 
The 50th Anniversary Mahavajiralongkorn Hospital 61.41% 
Your Smile Dental Clinics 58.59% 
Warin chamrap Hospital 54.74% 
Ubon Ratchathani University Hospital 38.84% 
Prasrimahapol Hospital 31.95% 
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Table 7. Top 20 hotels preferred by the travelers, obtained from the questionnaire. 

Hotel Name Preferable Score 
V Hotel Ubon Ratchathani 96.51% 
Arista hotel 95.68% 
Velawarin Hotel 94.55% 
Yuu Hotel Ubon Ratchathani 90.67% 
Moon Fox Café Inn & Art Gallery 85.51% 
Luck Esan Loft—Hostel 84.93% 
De’ Proud Hotel 83.31% 
Baan Suan Khun Ta and Golf Resort 83.16% 
Excella Hotel 81.33% 
The Bliss Ubon 81.29% 
168 Studio Hotel Ubon Ratchathani 77.25% 
Rapeepan Ville Hotel 76.96% 
Sunee Grand Hotel and Convention Center 74.67% 
U Duay Gan Garden Home 72.11% 
Pen Ta Hug Hotel 70.35% 
Laithong Hotel 68.84% 
Nartsiri Residence 68.17% 
Tohsang City Hotel 61.87% 
Rapeepan Ville Hotel 61.39% 

Table 8. Top 30 attractions for travelers, obtained from the questionnaire. 

Attractions Name Preferable Score 
Wat Phra That Nong Bua 95.95% 
Central Plaza Ubon Ratchathani 92.41% 
Wat Thung Sri Muang 87.81% 
Lak Muang (City Pillar Shrine) 87.22% 
Rachabut Night Market 83.73% 
Talad Yai Morning Market 76.75% 
Ubon Zoo 76.71% 
Hat Wat Tai Beach 75.98% 
Wat Pah Nanachat 73.66% 
Ubonvej Thai Massage 68.52% 
Ubon Ratchathani Cultural Center 66.57% 
Wat Su Phatthanaram Worawihan 65.33% 
Wat Maha Wanaram 63.05% 
Wat Thung Si Muang Temple 62.98% 
Hat Salung 62.72% 
Ubon Ratchathani Cultural Center 60.08% 
Country of Arts (3D Gallery) 56.42% 
Ubon Ratchathani National Museum 55.53% 
Thung Si Mueang 52.63% 
Huai Muang 49.18% 
Wat Burapa Temple 46.15% 
Aroma in Zen Spa 44.50% 
Wat Saprasansuk 42.56% 
Wat Ban Na Muang 41.10% 
Wat Loung 39.93% 
Wat Nong Pah Pong 34.75% 
Mae Praniramol Church 32.00% 
Garden House Thai Massage 30.49% 

The WIND clinic, a center for cosmetic and plastic surgery, is the most favored med-
ical facility, as shown in Table 5. It is preferred by 97.65% of respondents. The runners-up 
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are Sunasittiprasong Hospital, Smile Room Dental Clinic, and Ubonrak Thonburi Hospi-
tal. Table 7 lists the top 20 places that tourists are familiar with and choose to stay in. 

According to the computational results shown in Table 6, V Hotel Ubon Ratchathani, 
Arista Hotel, Velawarin Hotel, and Yuu Hotel Ubon Ratchathani are the most popular 
hotels for medical tourists. The top 30 tourism locations that people know about and want 
to visit are shown in Table 8. 

Table 8 lists the top five Thai destinations that medical visitors want to visit as Wat 
Phra That Nong Bua, Central Plaza Ubon Ratchathani, Wat Thung Sri Muang, Lak Muang 
(City Pillar Shrine), and the Rachabut Night Market. Each of these locations is rated as the 
favorite by more than 80% of visitors. A map which includes all 70 places is presented in 
Figure 3. As a result, the technique presented in Section 4.3 can be used to design the bus 
route. 

 
Figure 3. The 70 locations plotted to form the bus route. 

4.3. The Bus Route Constructed to Support Medical Tourists 
Considering the data from Section 3 and the specifications derived in Section 3, the 

second step is to designate a bus route for five airport buses to support medical tourists. 
As recommended by Dechampai et al. [39], we will apply the differential evolution algo-
rithm for the vehicle routing problem in this section. Figure 4 depicts the problem state-
ment related to the bus route in Ubon Ratchathani. 
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Figure 4. Framework of the bus routing problem to support medical tourists. 

According to Figure 4, the buses will depart from the airport terminal every day at 
6:30 am to begin their route, conclude each trip at the bus terminal, and then take the same 
route back to the airport terminal. Each bus must return to the airport terminal in one 
hour, and the last bus must return to the airport terminal before 20:30. As there are five 
buses operating along this route, a bus will depart from the airport every 30 min. Addi-
tionally, all destinations need to be included in at least one bus route. The differential 
evolution (DE) algorithm’s general process consists of the following steps: (1) generate the 
initial set of solutions; (2) conduct the mutation process; (3) conduct the recombination 
process; (4) conduct the selection process; and (5) repeat steps (2) through (4) until the 
termination condition is satisfied. The DE used to create the bus route can be delineated 
step by step as follows. 

4.3.1. Generate the Initial Set of Solutions 
In this section, the proposed problem will be demonstrated, utilizing the actual num-

ber of encoding methods. The decoding method used to convert the true value into the 
suggested problem solution will then be applied. The decoding method will be used be-
fore selecting the procedure of the DE algorithm. Table 9 provides an example of a collec-
tion of vectors, wherein five vectors were generated for each iteration of the DE’s proce-
dure. Assuming there are four hospitals, five lodgings, five attractions, and one bus ter-
minal, and considering that three buses must stop at the bus terminal, it is necessary for 
the bus terminal to have three positions in one vector. Table 9 displays five vectors, each 
of which has a size of 1 × 17. In the first iteration, the initial vectors will be randomly 
generated. The results of the random selection are shown in Table 9. 

Table 9. Five randomly generated vectors with the size of 1 × 17. 

Position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Vector H1 H2 H3 H4 A1 A2 A3 A4 A5 D1 D2 D3 D4 D5 B1 B2 B3 

1 0.95 0.07 0.18 0.27 0.36 0.39 0.30 0.43 0.12 0.54 0.85 0.66 0.42 0.13 0.03 0.20 0.37 
2 0.97 0.22 0.74 0.98 0.87 0.38 0.04 0.41 0.14 0.71 0.33 0.12 0.43 0.70 0.82 0.21 0.56 
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3 0.50 0.39 0.71 0.21 0.59 0.12 0.01 0.19 0.22 0.86 0.28 0.09 0.56 0.22 0.29 0.89 0.10 
4 0.97 0.43 0.78 0.76 0.04 0.25 0.22 0.92 0.42 0.49 0.01 0.02 0.80 0.12 0.64 0.63 0.75 
5 0.01 0.78 0.41 0.18 0.58 0.34 0.47 0.32 0.89 0.43 0.44 0.99 0.47 0.40 0.31 0.69 0.03 

Five random vectors were created using the data in Table 8 as a starting point. For 
instance, the first vector has 17 positions with values of 0.97, 0.07, 0.18, … and 0.37, re-
spectively. The letters H, A, D, and B stand for the hospital, accommodations, destination, 
and bus terminal, respectively. Using the decoding approach, which will be described 
step-by-step as follows, the codes presented in Table 8 will be decoded to obtain the an-
swer to the proposed problem. 

The problem’s solution was decoded from the code generated and displayed in Table 
8 using the decoding technique. This involves three steps, as below. 

Step 1—The values are sorted into descending order. Let us define the sorting result 
as List A and the value in position j of the vector i as X_ij 

Step 2—The locations are assigned to the buses one at a time, starting with assigning 
the first place in List A to Bus Number 1, then the second location in List A to Bus Number 
2, and so on. The second round of assignment is started by assigning the following loca-
tions in List A to Bus Number 1, and so on, until all of the locations in List A are assigned 
to the buses in the first round. The assignment will be conducted continuously until each 
location is paired with a single bus. Later, if the bus’s trip duration has not yet reached 90 
min, the assignments will be conducted once more, beginning at the first location on List 
A. When it takes more than 90 min to go from the airport to every assigned placed and 
back, the assignment is terminated, and the final location that was assigned to that bus is 
removed from the route. The assignment restriction states that one bus can only travel to 
a specific location once. Other regulations for determining the bus’s route are as follows. 
1. Each bus terminal must be serviced by at least two buses. 
2. A bus cannot make a repeat trip to the same location. 
3. Each bus travels at an average speed of 50 km/h outside the city limits and 40 km/h 

inside. 
4. Several buses can travel to the same place. 

Step 3—The relevant distances are calculated for each route. 
If there are five buses and 17 destinations, as shown in Table 8, we decode vector 

number one. The first step is to sort the values into the positions of vector one. The result 
is shown in Table 10. 

Table 10. Results of step one (List A). 

Before Sort H1 H2 H3 H4 A1 A2 A3 A4 A5 D1 D2 D3 D4 D5 B1 B2 B3 
Value 0.95 0.07 0.18 0.27 0.36 0.39 0.3 0.43 0.12 0.54 0.85 0.66 0.42 0.13 0.03 0.2 0.37 

After Sort B1 H2 A5 D5 H3 B2 H4 A3 A1 B3 A2 D4 A4 D1 D3 D2 H1 
Value 0.03 0.07 0.12 0.13 0.18 0.2 0.27 0.3 0.36 0.37 0.39 0.42 0.43 0.54 0.66 0.85 0.95 

Then, the assignment step (step 2) will be executed, and the result is shown in Table 
11. 

Table 11. Result of the assignment step (the traveling time of the buses is limited to 30 min). 

Bus Number Start From Destination Assigned Last Terminal Total Distance 
(km) 

Total Traveling Time 
(min) 

1 Air port B1-H4-A2-D2-D5 Air port 21.5 24 
2 Air port H2-B2-D4-H1-H3 Air port 22.1 23 
3 Air port A5-A3-A4-B1-D2-A1 Air port 27.3 28 
4 Air port D5-A1-D1-H2-H4-A2 Air port 28.5 29 
5 Air port H3-B3-D3-A5-A3-D4 Air port 25.1 27 
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The assignment process shown in Table 11 shows how each route begins at the air-
port and ends at the airport. In this illustration, the maximum trip duration is 30 min; 
however, in the actual case study, the maximum journey time for each bus is 90 min. Bus 
number one departs from the airport, travels to B1-H4-A2-D2-D5, and then returns to the 
airport. The total distance is 21.5 km, and the journey duration is 24 min. There are five 
buses, which in this case cover 124.5 km. 

4.3.2. Perform the Mutation Process 
Vector mutation, which has an impact on other pertinent vectors, was used to execute 

the mutation process. Three random vectors—not the current vector—will be used in the 
process. The other three vectors will be chosen at random and given the names vector r, 
n, and m if the current vector is vector i. Formula (1) is used to conduct the mutation pro-
cess. 𝑉௜௝௧ =  𝑋௥௝௧ + 𝐹(𝑋௠௝௧ − 𝑋௡௝௧) (1)

where 𝑉௜௝௧ is the mutant vector I; F is the scaling factor, which is the predefined parame-
ter; and 𝑋௥௝௧, 𝑋௠௝௧ and 𝑋௡௝௧ are vectors r, m, and n, respectively. 

4.3.3. The Recombination Process 
The recombination process is used to recombine the current target vector (𝑋௥௝௧) with 

the current mutant vector using Formula (2). 𝑈௜௝௧ = ൜𝑉௜௝௧  𝑖𝑓 ℝ௜௝ ≤ 𝐶𝑅𝑋௜௝௧   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒  (2)𝑈௜௝௧ is referred to as the trial vector or the vector following recombination in iteration 
t. The current target vector (𝑋௜௝௧) will be equal to the mutant vector (𝑉௜௝௧) if the random 
number (ℝ௜௝) of vector i position j is smaller than the controlled random number (CR), 
which is the specified value. 

4.3.4. Perform the Selection Process 
The selection process aims to select the target vector for the next iteration. Normally, 

the best solution between the trial vector and the current target vector will be selected. 
This process is executed using Formula (3): 𝑋௜௝௧ାଵ = ቊ𝑈௜௝௧  𝑖𝑓 𝑓൫𝑈௜௝௧ ൯ ≤ 𝑓൫𝑋௜௝௧ ൯𝑋௜௝௧      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒               (3)

where 𝑓(𝑈௜௝௧ ) is the objective function of trial vector 𝑈௜௝௧ , and is the objective function 
of the current target vector ൫𝑋௜௝௧ ൯. 

The trial vector will be used in conjunction with the local search approach before the 
selection process is put into action. This study used the k-random-move approach as its 
local search methodology (K-RM). The following is an explanation of the K-RE method. 

4.3.5. K-RM Method 
To improve the quality of the trial vector’s solution, the K-RM, a local search tech-

nique, will be applied. The following are the three main steps of K-RM: First, a random K 
value is chosen for the current solution. Next, a random K position from all positions is 
chosen in the current solution. Finally, the selected position is cyclically moved in the or-
der of the randomly selected positions. Each answer will go through 50 K-RM cycles of 
the local search. Figure 5 displays an example of the K-RM technique. Figure 5 makes the 
assumption that K is chosen at random, and has a value of 7. The seven positions were 
chosen at random in the following order: D5, B1, H1, D1, A3, D5, and A1. Figure 5 displays 
the updated solution as a result of the local search. If the move is forbidden, the next position 
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will be chosen at random, and the location will be changed to one that is allowed. Figure 5 
shows that the new solution following the application of K-RM is superior to the existing 
solution; hence, the move is accepted; the new solution is used, and 𝑈௜௝௧ and 𝑓(𝑈௜௝௧) are 
updated. 

 
Figure 5. Example of the K-RM method. 

In conclusion, the DE pseudocode is used in Algorithm 1, as shown below. 

Algorithm 1. Differential evolution algorithm (DE) 
input: Population size (NP), number of locations (D), mutation rate (F), recombination 
rate (CR) 
output: Best_Vector_Solution 
begin 
     Population = Initialize set of Vectors 
     IBPop = Initialize InformationIB (NIB) [𝑋௜௝௧] 
     encode Population to NP 
          while the stopping criterion is not met do 
               for i = 1: NP 
                    Perform the mutation process and update 𝑉௜௝௧ 
                    Perform the recombination process and update 𝑈௜௝௧ 
                    Perform the K-RM 
                    Perform the selection process and update 𝑋௜௝௧ାଵ 
               end For Loop//end update heuristics information 
           end while Loop 
    return Best_Vector_Solution 
end 
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The case study, which comprises 5 buses, 70 sites, and a 90 min time limit, will be 
resolved using Algorithm 1. Table 12 and Figure 4 display the route design solution. On 
a computer with an Intel ® Core TM i5-2467M CPU operating at 1.6 GHz, the DE is written 
in C++. 

Table 12. The bus route plan. 

Bus Num-
ber Start From Bust Stop Number Last Termi-

nal 

Total Dis-
tance 
(km) 

Total Traveling Time 
(min) 

1 Air port D14, H17, D23, A17, A13, A1, H5, H18, H1, D4 Air port 44 52.8 
2 Air port D14, A10, D12, H11, D19, H12, D27 Air port 75 89.8 
3 Air port D14, H17, A2, D21, A11, A6, H4.A12, A16, D13 Air port 46 55.2 
4 Air port D14, D23, H17, D1, D6, A17 Air port 51 61.2 
5 Air port D14, A10, D12, H11, H12, D27 Air port 52 62.4 

Total 268.0 321.4 

According to Figure 6 and Table 11, five buses will travel 757.3 km in total. We com-
pare the outcomes of our suggested approach with Mitchell’s [40] genetic algorithm (GA), 
applied to solving the case study in Ubon Ratchathani in Table 13. 

 
Figure 6. The travel routes of the buses. 

Table 13. Compared results of the genetic algorithm and the differential evolution algorithm. 

Methods Total Distance (km) Total Traveling Time (min) 
DE 268.0 321.4 
GA 284.0 346.1 

% different 5.63 7.14 

The computational result in Table 13 demonstrates that DE provides a better solution 
than GA for both criterions, i.e., a journey distance and travel time of 5.63 and 7.14%, 
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respectively. This is supported by [41,42], who claim that DE offers a superior solution to 
GA to the transportation problem. However, depending on the circumstances and the lo-
cal search strategy we adopt, the methods may produce different results. The shorter dis-
tance traveled according to DE compared to GA not only resulted in less fuel being used, 
but also in less CO2 being released into the atmosphere. The impact on the environment 
has been extensively researched, and is of utmost significance in the modern research pe-
riod. Ref. [43] addressed how crucial it is to employ clean transportation technologies to 
reduce greenhouse gas (GHG) emissions. 

The idea of employing an efficient transportation system to lower CO2 emissions has 
been extensively debated in numerous studies [44–46]. Therefore, cutting down on the 
distance DE must travel overall can significantly cut down on the amount of CO2 released 
into the atmosphere. Additionally, the smart bus system that we will demonstrate will be 
used with an electronic bus in the following section, which will significantly lower the 
amount of CO2 released. In the next experiment, we compare the simulation result and the 
current situation of the buses, as indicated in Table 14, to determine the differences be-
tween the current situation of these five buses and the proposed traveling route. Moreo-
ver, we use 70 POIs as the normal VRP problems to solve the bus route design [47–49], 
and our next experiment is focused on how well the GA and DE perform in contrast to 
optimization tools such as Lingo V.16. For example, Lingo V.16 requires more time than 
it has to optimally handle a problem involving 70 POIs and 5 buses (240 h of computation 
time). Table 14 shows the results of a comparison between Lingo V.16, DE, and GA. While 
DE and GA only took 30 min to compute, Lingo V.16 took 240 h. 

Table 14. Comparison of the current traveling plan and the proposed bus routes. 

Methods Total Distance 
(km) 

Total Traveling 
Time (min) 

Total Number of Hos-
pitals the Buses Passed 

(Locations) 

Total Number of Ho-
tels the Buses Passed 

(Locations) 

Total Number of Des-
tinations the Buses 

Passed 
New routes (DE) 268.0 321.4 20 35 42 

Current routes (CR) 224.1 280.7 3 12 8 
Lingo V.16 (LI) 296.8 358.8 18 29 37 

% different (DE-CR) 19.59 14.50 566.67 191.67 425.00 
% different (DE-LI) 9.70 10.42 11.11 20.69 13.51 

 

% 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 = |𝑂𝑏𝑗஽ா − 𝑂𝑏𝑗஼௔௡ௗ௜ௗ௔௧௘|𝑂𝑏𝑗஼௔௡ௗ௜ௗ௔௧௘ × 100% (4)

When 𝑂𝑏𝑗஽ா  is the objective result of the differential evolution algorithm and 𝑂𝑏𝑗஼௔௡ௗ௜ௗ௔௧௘ is the objective result of the candidate, which in this case is CR and LI, the % 
difference is determined using Eq.4. According to Table 14, the new bus routes travel far-
ther and take longer to reach their destinations than the bus routes that are currently in 
use. The distance and travel time on new routes are increased by 19.59% and 14.50%, re-
spectively. The new bus routes, however, can travel via more hospitals, hotels, and desti-
nations, covering 566.67%, 191.67%, and 425% more locations than the existing bus routes, 
respectively. Comparing the best objective determined by the optimization software 
(Lingo V.16) using 240 h of computational time, we discovered that DE provides superior 
solutions for all KPIs by 9.70 to 20.69 percent. We can draw the conclusion that while 
providing medical tourists with better services will cost more time and money, they will 
be happier and more likely to use public transportation than under the current bus routes. 

We conducted a survey with another 400 respondents within the same group of tour-
ists, and revealed their satisfaction level and the likelihood of them using public transport 
if we designed the routes as shown in Figure 5; the result is shown in Table 15. 
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Table 15. Tourists’ preference scores for the new bus routes designed. 

Detail Yes (%) No (%) 
The new bus routes—do you like them? 99.1 0.9 
Do the buses go by where you want to stay? 100 0 
Do the buses pass by the hospitals you like? 100 0 
Do the busses go by the destinations you want to visit? 98.5 1.5 
Are the bus routes simple to navigate? 98.2 1.8 
Are the bus routes convenient? 98.5 1.5 
If the new routes are implemented, will you use the public buses? 99.5 0.5 
 Score  
How many points will you award the new routes? (full score is 100) 95.6  

According to the survey’s results, which are shown in Table 15, more than 98.2% of 
respondents appreciate the new bus route design, and 100% of them believe that the buses 
pass by their favorite hotels and hospitals. There are many places in Ubon Ratchathani, 
but we only chose 30 of them to include in the plan; therefore, 1.5% of respondents believe 
the buses do not pass by the tourist attractions they prefer. If we included every location, 
it might result in lengthy journey times and increased energy use. The rating that travelers 
give the new routes is 95.6%, which is extremely high. Finally, 99.5% of respondents think 
that when the planned routes are implemented, they will utilize public transportation 
more since it is convenient and simple to use. 

4.4. The Smart Bus System Design 
A smart public bus system (SPBS) will be designed to support medical tourists ac-

cording to their requirements. The conceptual framework used to design the SPBS is 
shown in Figure 7. 

 
Figure 7. Framework of the smart public bus system (SPBS). 
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All smart buses will have GPS installed for real-time location tracking. The identifi-
cation and payment system will be installed at the bus’s main entrance so that passengers 
can pay their bus fares there. The payment options include using a smartcard or an auto 
debit from one of the participating banks. The bus will also be equipped with 5G WiFi 
hotspots. These can be used to connect all electronic and sensor devices to the internet, 
not just for the benefit of the customers. The map will show the bus’s precise location and 
the expected time of arrival at each bus stop. A multi-language voice announcement sys-
tem will also be available to inform passengers of the location of the next bus stop. The 
number of people who must disembark from the bus at the next bus stop, as well as infor-
mation on traffic conditions and emergency alerts, will be sent to the drivers in real time. 
Every smart bus stop will have an electronic screen that shows bus routing details. Pay-
ment services and online top-up for smartcards will be available on mobile and web ap-
plications. Additionally, a real-time bus schedule, with smart bus positions on a map and 
passenger counts, will be implemented. The IOT components used in the smart public bus 
system, depicted in Figure 7, are compiled in Table 16. Table 17 lists the capabilities of the 
developed smart public bus system, which we designed with the needs of the customers 
in mind, with a list of tourists’ requirements regarding the bus service system, derived 
from a survey of the tourists shown in Section 4.1. 

Table 16. Details of the IOT devices used in the designed public bus system. 

Devices Aim 
IOT devices for the bus 

Payment Reader Automatic ticket vending machine in the bus 

Scanner Barcode 2D 
Scans the barcode if the customer purchased their ticket online or through a ticket machine
at the bus terminal 

ESP32 Microcontroller board Controls the SMART bus’s operating system 
GPS device Determines the satellite-based bus locations (coordinates) 
5G Sim Card Router Internet router for IoT devices on the bus 
Amplifier and speaker Informs the passengers of the stations and other details 

IOT devices for the bus stop 
Jetson Nano Board Controls the IOT equipment at the bus stop 
ESP32 Microcontroller board Controls the IOT equipment at the bus stop 
Automatic Ticket Vending Machine Sells tickets or distributes online barcodes to the passengers 
5G Sim Card Router Internet router for IoT devices in the bus stop 
Touchscreen LCD Monitor Reports bus and other information 
Solar Panel and Battery Storage of solar energy for the devices in the system 

Application 

Mobile/Web Application 
Check bus status, purchase tickets online, view bus routes, rate the bus service, and notify
administration 

Database Obtain real-time information about the quality of the service and the passengers 

Table 17. Details of the designed public bus system compared with the tourists’ requirements. 

Requirements Specification of the Bus 
The bus should include more hospitals and hotels. Yes 
There are more buses in the medical tourism system. Yes 
The bus has air conditioning. Yes 
The number of sightseeing places on each bus route is increasing. Yes 
The bus adheres to environmental protection. Yes 
The bus service is less inconvenient. Yes 
The bus tracking system is online. Yes 
The arrival time of the bus is known. Yes 
The traveling route is informed. Yes 
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Information from Table 17 illustrates that all visitor needs were considered when the 
system was being designed. The buses traveled past 425% more attractions, 191.67% more 
hotels, and 566.67% more hospitals than on the existing route. Our method uses an airport 
city bus to transport people from the airport to the bus station, in contrast to the current 
public bus service in Ubon Ratchathani, which is devoid of air conditioning. The buses all 
have air conditioning. The bus tracking system, which contains route information, and the 
payment system are both run by electronic procedures. However, the recently created bus 
transit system satisfies all of the requirements of patients. 

Figure 8 depicts an illustration of the user interface used to see the bus timetables and 
the estimated arrival times. In order to use the application as a tool and source of infor-
mation to enhance the service, passengers may also review and rate the drivers, the qual-
ity of the service, and other issues. The application enables users and passengers to view 
the current bus occupancy, allowing arriving passengers to judge whether there is space 
for them on the bus or whether it is at capacity. If the bus is full, passengers can check the 
arrival time of the subsequent bus and prepare to board it. 

 
Figure 8. Example of user interface in the smart public bus system. 

The bus schedule can be monitored quickly to ensure buses are available throughout 
the day and on time using the application connected to the GPS system of every vehicle. 
In addition, passengers can check the next buses that will arrive at their nearest stop in a 
few minutes using the same application [50]. Currently, only Ubon Ruamjai Pattana 
Muang Company Limited provides smart bus services with a system to check the availa-
bility of the next bus that will arrive in the vicinity so that we can walk to the bus stop in 
time, and the bus is connected with GPS in real time, with CCTV installed to prevent 
crimes. The CCTV can also be used when passengers forget their belongings, as staff can 
check the footage and return the items immediately. They also feature a platform for 
wheelchairs, free Wi-Fi, USB chargers, and cashless payment systems using the E-wallet 
to reduce the transmission of various infectious diseases. The smart bus service with air 
conditioning will charge THB 20/trip. 

There will be a cheaper bus service charging THB 10/tri, which will be open-air and 
of lower quality. For safety purposes, the Department of Transportation concession own-
ers should make improvements to open-air buses by equipping them with GPS, which 
will allow them to monitor vehicle speeds, route adherence, and punctuality; this will im-
prove the quality of service and ensure that the buses are available at all the same times 
as open-air buses. 

Passengers can view the bus timetable at any point via GPS, in order to improve the 
effectiveness of public bus access. With the use of GPS, travelers can plan their routes and 
decide where and when to wait for a specific bus. This will boost passenger satisfaction 
and reduce the use of personal vehicles. The use of public buses should be increased. In 
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the end, this will minimize inner-city traffic congestion, air pollution, and accidents [51]. 
Using a smartphone to access GPS is simple and practical. Additionally, it can immedi-
ately notify clients that the bus they are waiting for will arrive in a few minutes. Further-
more, it will assist passengers in preparing to board the bus. Likewise, smartphones make 
it easier to pay the fare without having to worry about having enough cash. Moreover, 
operators need not worry about their health because restricting contact between people 
slows the transmission of contagious diseases, which is appropriate given the present 
COVID-19 situation [52,53]. RFID tracking technology is another means of maintaining ser-
vice standards and customer satisfaction while ensuring safe driving and punctuality. Travel-
ers may make more considered travel plans with the use of GPS and RFID, which also allows 
those waiting to learn the status and location of the bus. This will thereby boost the effective-
ness of public transit [54]. 

E-logistics, such as RFID, assist bus operators by letting them know where a lot of 
customers are waiting during rush hour, and where regularly scheduled buses will not be 
able to provide their service. In order to quickly service people, an urgent bus can be 
added to the region. The competitive advantage is increased by this enhancement [55]. 
Estimates of the demand for buses at each time and day of travel are necessary for bus 
management during peak periods. This prediction can be formed using statistical infor-
mation. The forecast is then planned using calculations. This will make it possible to 
quickly prepare the vehicle as needed, and alter it as necessary, ultimately saving money 
on bus management and matching the fare [56]. Increasing the number of buses will result 
in more pollution when environmental protection and sustainable development are con-
sidered [57]. 

As a result, it is important to specify in the grant to new bus operators that the vehicle 
must use renewable energy to prevent pollution. Old buses are replaced with sustainable 
energy vehicles, such as electric vehicles, when they reach the end of their life. How far a 
charged battery can travel is one issue to be considered in relation to a clean-energy bus. 
For instance, running a short route in the city but stopping so frequently that the driver 
does not remember to check the distance may drain the battery. Using a smaller battery 
to match your daily trips or using a GPS to help you measure distance and know when to 
recharge the battery are two ways to avoid these issues [58,59]. 

The computation results given in Section 4.3 show that the new routes’ trip lengths 
are 11.96% shorter than the old ones. Shorter travel distances need less energy, which re-
duces the amount of CO2 emitted, hence reducing the effect of global warming that is 
brought on by inappropriate energy use in transportation. The proposed bus route can 
lower greenhouse gas emissions in addition to transportation costs. The impact on the 
environment is becoming more and more concerning today, because it can lead to a vari-
ety of problems. New technology advancements and behavioral adjustments will be 
needed to stop the effects of climate change. The world needs to move to more clean en-
ergy technologies and a sustainable economy. There are disagreements over the possibil-
ity of a significantly changed climate and the difficulties it would present for daily life. In 
this study, we seek to increase the use of public transportation by locals and medical tour-
ists alike in order to decrease the number of fossil-fuel-consuming vehicles. In an effort to 
meet their needs, we aim to employ the open innovation concept design, which includes 
designing the product from the perspective of the users. According to the research find-
ings, 99.5% of passengers would use public transportation if it were implemented. There-
fore, it is possible that CO2 emissions may drop if the number of people driving private 
vehicles decreases, which might have a positive impact on the global climate. It is estab-
lished that in addition to technological advancements that can reduce the contribution of 
public transportation to climate change, open innovation designs that can change passen-
ger behavior can also contribute to a reduction in the environmental impact of the trans-
portation industry. 

Even though human behavior has changed, which can help to properly protect the 
world from global warming, technological development is still crucial for minimizing the 
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environmental impact of the transportation industry. The need for energy around the 
world has led to extensive research in and the rapid growth of new technology to produce 
energy or green energy. Climate change mitigation strategies that are now the focus of in-
depth research across several initiatives include electrifying transportation, utilizing wind 
and solar energy, increasing fuel efficiency, and replanting. This study uses the smart bus, 
the most recent electric vehicle technology, as a component of the smart bus system. To 
reduce the negative effects of CO2 emissions on the environment, we want to deploy elec-
tric smart buses. However, we can draw the conclusion that smart energy management, 
changing human behavior, and the use of high-tech innovations (such as electric vehicles) can 
all work together to significantly minimize global warming. 

The autonomous electronic bus is a different choice for short-distance inner-city bus 
routes that can help the city clean its air. Additionally, power sources arranged as a 
straight point might help carry electricity due to their close proximity [60]. A battery for a 
long-distance vehicle needs to be considered that has more capacity and power, can travel 
extremely far, and can supply the final miles of the vehicle’s driving range. The vehicle 
must be able to quickly locate the battery-charging station [61]. However, because using 
clean energy is less expensive than conventional energy in the beginning, operators will 
be able to minimize energy expenses by investing in cars that employ clean energy tech-
nology. Our opinion is that the government may decrease spending while still adhering 
to the UN’s sustainable development goals by deploying traditional energy-saving en-
gines to minimize emissions. The government has a policy of promoting clean energy by 
keeping energy prices low. Finally, bus companies will see shorter returns on new bus 
purchases and higher profits than usual [62,63]. 

Our research shows that smart buses could improve passenger satisfaction on public 
transit systems, but implementing them is difficult. This is because the development of a 
smart city is contingent, not merely on state-of-the-art technology progress, but also on 
the decisions and actions of local communities and policies [64]. To strengthen the coop-
eration between researchers, policymakers, and the community, the transfer of knowledge 
to the community and the politician, who must have a tight relationship with each other, 
can raise the likelihood of success for the smart bus system [65]. The smart/autonomous 
vehicle and other robotic industries are the business sectors that require high and rapid 
open innovation technologies, as well as a business plan and model for success [66], as it 
is difficult to execute these technologies in the real world and achieve success. The pur-
pose of this study is to create a public bus system for one city in Thailand in order to 
encourage medical tourism, which can be understood as a public sector activity. Open 
innovation is vital not only for the public service sector, but also for all business sectors, 
including SMEs, startups, and large corporations. Entrepreneurial cyclical dynamics of 
open innovation has three sub-economies, including market open innovation by SMEs 
and startups, closed open innovation by large corporations, and social open innovation. 
They proposed that in order to accelerate business growth, all subeconomies must be well-
balanced [67]. 

The term “open innovation” (OI) refers to the process of “using external knowledge 
while making internal expertise freely available to others” [68]. Numerous channels exist 
for tapping into this pool of external expertise, from casual conversations with clients and 
research and development (R&D) partnerships to more formal contracts for inde-
pendently created technologies [69]. The term “open innovation” refers to a business strat-
egy that aims “to increase the markets for external use of invention”, which includes both 
the sourcing and commercialization of technologies [70]. To sum up, open innovation is a 
method of managing technology that benefits from the contributions of both internal and 
external stakeholders. Companies have made deals with third parties to acquire technol-
ogies for quite some time, but often these deals were one-offs with no commitment to 
further cooperation [71]. 

It is argued in this study that the availability of smart bus technology and the effec-
tiveness of bus routing design, both of which may be found in publicly accessible internet 



J. Open Innov. Technol. Mark. Complex. 2022, 8, 173 24 of 29 
 

sources, are integral to the success of the smart bus system. Without open innovation, we 
cannot claim that this study would have been a success. As the knowledge-based economy 
grows (a point [72] makes), so does the volume and speed with which knowledge is 
shared around the globe. Companies increasingly rely not only on in-house innovations 
but also on acquired expertise and cutting-edge technologies. Furthermore, the trend of 
open innovation is rapidly expanding across various sectors in around the world [73–75] 
as companies make their underutilized innovations available to third parties. Since open 
innovation (OI) relies on transfers across the borders of knowledge and technology, it will 
be used to refer to user innovation, customer innovation, collective intelligence, 
crowdsourcing, and open source innovations. New items from companies are often 
quickly duplicated by competitors, and the lifespan of even the most innovative products 
is decreasing. The commodities trap describes this trend, which is becoming more wide-
spread. As a result, OI is receiving a lot of attention because it is a process that makes 
technological innovation possible all the time [76]. 

While we do take advantage of pre-existing innovations in our research, there are 
still certain issues with the open technology’s adaptability that need to be addressed by 
its creators. In order to make the best use of the existing technology, it must be modified 
to suit the characteristics of the product. After carrying out extensive investigation, we 
determined that the present bus routing system might be adapted to meet the needs of 
medical tourists by first accounting for information regarding consumer requirements. 
These are the primary benefits of our proposed method for utilizing the open innovation 
success, and they should be applicable to various open innovation dynamics. 

According to [77], the zigzag growth pattern of the company caused by open inno-
vation dynamics based on the inter-rationality of economic actors could provide any real-
istic solution to surpass the growth constraints of enterprises or economic systems. This 
means that using open innovation strategies might boost corporate expansion, but our 
findings also suggest that, without proper adaption, such strategies can lock a company 
into a cycle of producing subpar goods at best [78,79]. This is especially true in cutting-
edge technology sectors. Another benefit of open innovation is that it can shorten the time 
and money spent on R&D when developing new products, which in turn reduces trans-
action costs [80–83]. Knowledge from outside the company, in the form of knowledge 
transfer or spillovers, has been shown to boost a company’s ability to innovate and in-
crease its productivity [84,85]. Open innovation can be very profitable for some compa-
nies, but it is not right for everyone. Creative industries have the biggest barriers to infor-
mation collaboration in both domestic and foreign markets, as shown by [86], which 
shows that barriers to open innovation vary among knowledge-intensive sectors and at 
different geographic dimensions. Consequently, before implementing open innovation, 
we must recognize that the innovation is appropriate for the current state of our firm and 
business, and that doing so would not shorten the product life cycle, which is crucial to 
our success. 

5. Conclusions and Managerial Implications 
This study aims to create a public bus route in Ubon Ratchathani that will help the 

city’s rapidly expanding medical tourism industry. In order to better understand how 400 
visitors to Ubon Ratchathani see public transportation, our first step was to poll them. 
After utilizing the survey data and the differential evolution algorithm (DE), we con-
structed bus routes. After figuring out the optimum bus routes, we designed an intelligent 
public bus system to support the use of public transportation by medical visitors. Accord-
ing to the computational results, the novel routes using DE will lead to a 5.97% reduction 
in travel distance when compared to the output of the well-known genetic algorithm 
(GA). More than 98.5% of visitors were satisfied with the new routes, and once they start 
running, 99.5% of all respondents stated a plan to use public transit. In comparison with 
the previously used bus routes, the new bus routes pass 566.67%, 191.67%, and 425.00% 
more medical facilities, lodgings, and destinations, respectively. 
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The bus routes we developed benefit both healthcare visitors and regular city tourists 
in Ubon Ratchathani. Because the bus routes encompass all of the most popular tourist 
locations, as well as the best hotels and other lodging alternatives, they can boost the com-
petitiveness of the tourism industry in Ubon Ratchathani. Every bus route also has bus 
stops at intersections. This will make it simple for guests to travel from the hotel lobby to 
the area’s key attractions. Due to the anticipated increase in tourists, businesses along bus 
routes might improve their capacity and competitiveness, and thus generate more reve-
nue. Because the current bus system offers both private and public operation options, and 
because operating costs were kept around THB 20 for the entire bus line, bus operators 
can choose to operate privately or publicly. The service cost of the bus can be decreased 
by adding more options for businesses to participate in the bus management system, such 
as placing bus stops at sponsorship areas or at suitable positions. 

The government is in charge of service quality, safety, and reductions in environmen-
tal pollution issues. Public transportation providers may also receive compensation in the 
form of service fees. A higher level of service will draw more customers, which will ulti-
mately boost revenue. This will serve as an example for supporting cross-border medical 
services in major cities such as Ubon Ratchathani, which are border cities and have con-
nections to other countries. In the wake of the COVID-19 pandemic, transportation pro-
viders are advised to expand their cleaning procedures for buses beyond what is custom-
ary and maintain safety standards to prevent transmission even after the epidemic situa-
tion has passed. This will boost passengers’ confidence in the cleanliness of their sur-
roundings. 

6. Limitations and Further Research 
The distribution of surveys was challenging during the COVID-19 pandemic, which 

was one of the study’s shortcomings. Additionally, obtaining information is too expensive 
due to the need for international communication via social media and international tele-
phones, as well as the length of time this takes. It took a while to broach the primary issue 
of language and communication problems, because some foreign nationals cannot speak 
the researcher’s language and others cannot communicate in English. As a result, we had 
to utilize an interpreter. Because it takes a while to check the accuracy of material, the 
interpreter occasionally misinterpreted the meaning. Future research ideas include look-
ing at different supply chains to support Ubon Ratchathani’s claim to medical excellence, 
and finding ways to enhance service standards and boost client happiness. 

Because we intend to create the bus route to assist medical tourism, we did not con-
sider demand for use when conducting our research. The demand of customers at each 
site of interest is determined by the results of a survey; hence, we are unable to estimate 
the number of passengers that will be present at any location. Based on the results of the 
poll, the most appealing attractions and destinations for medical tourists have been iden-
tified. This research could only be implemented when bus capacity was adequate and de-
mand was low because it failed to take into account demand for use, a key component in 
the overall planning of bus routes. As a result, this is a drawback of the study, and addi-
tional research expansion is warranted to fill in this research gap. 

This study concerns the findings of a survey that was conducted only among visitors 
to Ubon Ratchathani for medical purposes. If the poll was to be switched to Thai visitors 
or tourists who traveled to Ubon Ratchathani for other reasons, the preference scores of 
the attractions, destinations, and medical centers may radically change. However, bus 
route design can still benefit from the study’s methods. This study makes the assertion 
that the bus route design herein promotes medical tourism and increases their satisfaction 
with public buses, but other sorts of tourists may have different feelings. The whole spec-
trum of tourists must be included in the survey if we want to improve the bus routes to 
accommodate all types of tourists. Additionally, the management of must-see locations 
(bus terminals and intersection stations) and speed limits will result in the creation of dif-
ferent bus routes. Therefore, it is necessary to redesign the bus routes whenever 
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information and regulations change. However, the smart bus system that we created on a 
web platform is simple to adapt to new routes or to changes in existing routes. The flexible 
mechanism of the differential evolution algorithm (DE) makes it capable of responding to 
changes in the information and rules governing bus route planning. 
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