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Abstract: The number of accidents in the campus of Suranaree University
of Technology (SUT) has increased due to increasing number of personal
vehicles. In this paper, we focus on the development of public transportation
system using Intelligent Transportation System (ITS) along with the limitation
of personal vehicles using sharing economy model. The SUT Smart Transit
is utilized as a major public transportation system, while MoreSai@SUT
(electric motorcycle services) is a minor public transportation system in this
work. They are called Multi-Mode Transportation system as a combination.
Moreover, a Vehicle to Network (V2N) is used for developing the Multi-Mode
Transportation system in the campus. Due to equipping vehicles with On
Board Unit (OBU) and 4G LTE modules, the real time speed and locations
are transmitted to the cloud. The data is then applied in the proposed
mathematical model for the estimation of Estimated Time of Arrival (ETA).
In terms of vehicle classifications and counts, we deployed CCTV cameras,
and the recorded videos are analyzed by using You Only Look Once (YOLO)
algorithm. The simulation and measurement results of SUT Smart Transit
and MoreSai@SUT before the covid-19 pandemic are discussed. Contrary
to the existing researches, the proposed system is implemented in the real
environment. The final results unveil the attractiveness and satisfaction of
users. Also, due to the proposed system, the CO2 gas gets reduced when Multi-
Mode Transportation is implemented practically in the campus.
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1 Introduction

The Suranaree University of Technology (SUT) is located on the northeastern part of Thailand.
Moreover, SUT divide the areas inside its campus into different zones as per the master plan of SUT.
The dormitories of students locate far from the academic zone, and 8,550 students live inside the
campus area, especially the first-year students, as they mostly occupy the campus dormitories. Thus,
it is required to have a proper transportation system. The public mass transportation plays a big
role in large urban communities. Most students use personal motorcycles and campus bus service for
commuting from the dormitory area to academic areas as depicted in Fig. 1. The chances of accidents
occur due to large number of personal motorcycles during the rush hours. The statistical data related
to the increment in the number of accidents from 2017 to 2019 are also shown in Fig. 1. Moreover,
the delay of the campus bus in terms of approaching to bus stop is the major factor, which reduces the
attractiveness of users. Hence, an inconvenient public transportation system contributes in increasing
the number of personal motorcycles. According to the Fig. 1, more personal motorcycles lead to the
congestion in traffic during the rush hours along with increasing the chances of accidents.

Figure 1: Mapand accidents statistics (before Covid-19 pandemics) of Suranaree university of technol-
ogy, Thailand

The accidental statistics reported by the hospital of university hospital unveil that the inconvenient
public transportation system is the root cause of accidents in the campus. Thus, the Intelligent
Transportation System (ITS) is selected as a tool for reducing the number of accidents. Moreover,
integration of ITS with the campus bus service as a new system is called the SUT Smart Transit
system. The ITS uses an appropriate communication technology for the dissemination of messages
(safety and non-safety) to drivers. Moreover, the ITS separates communication formats as Vehicle to
Vehicle (V2V), Vehicle to Infrastructure (V2I), Vehicle to Pedestrian (V2P) and Vehicle to Network
(V2N). The main goals of ITS are to improve the capability of road traffic, enhancing the safety of
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humans along with limiting the construction of new roads. The V2N was selected for developing the
Multi-Mode Transportation system between the public transportation and electric motorcycle services
in campus. Actually, the V2N is equipped with On Board Unit (OBU) along with the communication
devices. Also, the 4G Long Term Evolution (LTE) modules are selected to utilize in the V2N. The
real time location and real time speed are transmitted to the cloud, and then the Estimated Time of
Arrival (ETA) can be computed from these data. Also, the ETA appears in both server and on user
applications. Utilizing ITS on the campus bus service seems to provide more attractiveness to users
along with having the potential to help in reducing the number of personal vehicles in the campus area.

Most of personal motorcycles in the campus are fueled by the fossil fuels, such as gasoline or
other alternatives like gasohol. Hence, they also emit CO2 as the result of combustion from their
engines, which increases the emission of CO2 by 115 g/km/person [1]. Actually, all over the world,
researchers are aiming to reduce the foot prints of carbon from different technologies, such as internet
technologies [2–6], construction, electronics, power generation technologies etc. Furthermore, an
electric motor cycle service is introduced in the campus, named as MoreSai@SUT, with mobile phone
application having the same name. By using this electric motorcycle services, we can help reduce
CO2 because electric motorcycles do not emit any CO2 gas from the vehicle, which reduces the air
pollution. This electric motorcycle service is a type of sharing economy model. Actually, the sharing
economy is one of the most famous and interesting topics these days. Moreover, users scan QR code
on their bicycles and then can ride bicycle around the service area. However, the model still has some
drawbacks, such as requiring more management system in terms of gathering all the bicycles back
to its station. The operational teams have to travel around the service area for moving all bicycles
back to their assembly points. These activities require more operation time. With the help of the
latest electronic devices [7,8] to reduce the size of batteries, electric motorcycles can be used with
small batteries along with the high efficiency. They can be used around 40–60 km per one fully charge.
Moreover, electric motorcycles have lower maintenance cost and do not require frequent maintenance
comparing to conventional motorcycles, as they have less components. According to these reasons,
the electric motorcycles are more attractive to be used. The communication devices can be installed
on the electric motorcycles. So, the services providers can control, manage, setting up services area,
motorcycle speed via communication modules [9,10]. Thus, V2N technology influents the operation
of electric motorcycle service conveniently. The Fig. 2 unveils the Multi-Mode Transportation tools
and applications for SUT Smart Transit and MoreSai@SUT.

Figure 2: SUT smart transit and Moresai@SUT applications
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In this work, the Multi-Mode transportation system via SUT mass transportation system (SUT
Smart Transit) and smart electric motorcycle-sharing (MoreSai@SUT) are presented. The contribu-
tions and novelties in this paper are summarized as follows:

1) We applied multi-mode transportation system by using public mass transportation system via
campus bus service and smart electric motorcycle sharing by using the V2N technology. The
CCVT cameras are deployed in the main service routes with the aim of classifying vehicles by
using the You Only Live Once (YOLO) algorithm. Furthermore, the 4G LTE modules and
OBU are used in V2N to send the real time speed and location to the cloud. The received
data is then applied in the proposed mathematical model to compute the Estimated Time of
Arrival (ETA). Also, the ETA appears in both server and on user applications. Utilizing ITS
on the campus bus service seems to provide more attractiveness to users along with having the
potential to help in reducing the number of personal vehicles in the campus area, as unveiled
in the final experimental result.

2) The Multi-Mode Transportation was applied in the real-world scenarios for comparison and
passenger statistics in terms of reduction in CO2.

3) The introduced Multi-Mode Transportation model helps to reduce the number of accidents in
large urban communityin the future.

The remainder of this paper is organized as follows: Therelated works in ITS and multi-mode
transportation system are discussed in Section 2. System infrastructures are introduced in Section 3.
The proposed multi-mode transportation system is described in Section 4. The statistical data of real-
world implementation and experimental results and discussions are described in Section 5, and the
conclusions are summarized in Section 6.

2 Related Works

The public transportation system in large urban communities is an important issue for govern-
ments in many countries. However, in some areas, people found the way to improve the transportation
issues by using the Intelligent Transportation System (ITS). ITS is equipped with new communication
technologies, such as transmitting significant information from roadside devices to vehicles or trans-
mitting information from vehicles to servers. It can improve road traffic capability, enhance road safety,
convenience, and limit new road constructions [11]. The service time of public transportation system
is a major factor that introduces the attractiveness or unattractiveness to users [12]. The Estimated
Time of Arrival (ETA) is a performance parameter of public transportation system [13] that shows
the expected arrival time of the transportation system, and it can be computed from real-time data
by using Global Positioning System (GPS) modules [14]. The average delay per person, delay due
to traffic, number of intersection and weather situation and other unexpected factors are the main
causes of ETA error, and the ETA calculation depends on the distance between bus stops. The accurate
latitude and longitude of bus stop location can improve the accuracy of ETA computation [15]. We
used the haversine formula according to [16] to identify the ETA in this work. Also, the real-time data is
utilized with this calculation, which leads to the increase in the attractiveness of public transportation
system in the SUT campus [17]. However, if users do not want to wait for the next service bus, they can
choose another choice of transportation service from the campus such as sharing electric motorcycle
service. This scenario calls as “Multi-Mode transportation system”. The sharing economy in particular
area is introduced as a bike sharing system [18]. In this system, it consists of operation area, bicycle
model, communication devices and the operation staffs [19,20]. However, bike sharing model is not an
appropriate system for SUT campus since the campus has many small and long hills. Most students
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do not want the bicycle service due to this problem, and they need more convenient service. Hence,
the electric motorcycle might be a key technology for the campus [21]. The electric motorcycle sharing
services are implemented in small cities of many countries, such as Germany, USA and China. The
electric motorcycles have the capability to travel through small and long hills in the campus. Thus, by
using these two combined services between the public mass transportation (bus service) and the sharing
electrical motorcycles, we can improve the ETA computation for users along with proposing new
sharing economy with more environmental-friendly vehicles. Actually, the accidental statistics reduces,
when passengers decrease the usage of personal vehicles. Moreover, CO2 reduction is another goal of
this Multi-Mode Transportation system [22,23]. The combustion of gasoline fuel used in medium-size
car emits about 173 g per passenger-kilometer, while gasoline-fueled motorcycle emits 115 gram of CO2

per passenger-kilometer. Using electric motorcycle, we can reduce this level of CO2 footprint. Hence,
the implementation of this Multi-Mode Transportation system can help reducing accident statistics,
improving the convenience of users along with reducing the amount CO2 emitting in a large urban
community. In [24–30], the authors explain the recent work on internet of vehicles.

3 Problem Formation

The public mass transportation system consists of bus stop location, service format, service routes,
type of bus and the schedule timing of departure and arrival. The bus type in the campus was voted by
students. In the past, electric bus served the students in the campus, but as the SUT terrain has small
and long hills, the electric bus could not provide the convenience and satisfaction. The zhongtong low
floor diesel bus is used for the bus service nowadays. Also, the fix service routes and bus schedules
are also re-established. The bus stop locations are collected through GPS, such as the Latitude and
Longitude of each service route. Actually, the development of public mass transportation system in
SUT campus started with the ARCGIS simulation. The location of bus stops and service routes are
taken to investigate, and the six bus service routes separated by bus color are also used in ARCGIS
simulation. These have been adopted practically in the real world after the simulation was done.

Another transportation service in the campus is the sharing electric motorcycles, which are Deco
Sofia Direct Current (DC) Motor 1 kw @60 V 20 Ah voted by SUT students. The speed of motorcycle
is limited at 45 km/h, and the battery levels are always kept more than 50% due to safety reasons.
However, users are requested for the driving license before accessing to this sharing electric motorcycle
service. These motorcycles are monitored and serviced by staffs. So, the users do not need to worry
about the maintenance. The cost of the service will be clarified in the next section. Moreover, the service
provider also provides the accident insurance to all users in the system.

The multi-mode transportation system between the bus service and the sharing electric motor-
cycles is presented in Fig. 3. The simulation accuracy from ARCGIS is contributed by the collected
data with the help of service route surveys. The number of intersections, road infrastructures, traffic
congestion in rush hour increase the delay of public mass transportation service. Thus, the bus schedule
and stops of each service route are the significant parameters to observe. The survey of service route
in real locations provides the accurate bus stop GPS positions, and the bus schedule in each route are
set to be the major service standard. The bus drivers drives follow the standard schedule time, and the
delay of service time is reduced as a result. The standard bus time is then selected for the observation of
difference between the ETA model and the real-world measurement, and the Proof of Concept (POC)
period of the standard bus time is operated for four months. The passenger satisfaction scores from
SUT dormitory students, which are the main group of users, increase to 4.3 out of 5. The campus
bus service with six routes and the fix bus schedule increase the attractiveness of public transportation
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system for SUT students in the campus. The development of POC then moves to the next step. The
proved concept of the bus schedule is now set as the standard time in the Smart Transit creation. The
smart transit with ITS utilization is created and named as SUT Smart Transit. SUT Smart Transit
system has three major components according to Fig. 6:

1. The eight low floor buses with 4G/LTE communication devices and GPS module installed.
2. Mobile phone applications for users that present Estimated Time of Arrival (ETA) according

to the proved standard time. The ETA is presented in the bus stop menu. The live map
introduces the real time position of buses, and the feedback menu will allow the users to request
or complain the service (Fig. 5).

3. Smart bus stops are equipped with smart TVs and the installed 4G/LTE devices. The ETA is
also presented on the screen of smart TVs at bus stops.

Figure 3: SUT smart transit routes and parking point and charging station of Moresai@SUT

The ETA computation is presented in Eq. (1) and the commuted time is represented as DC. The
distance between bus stops is calculated by real time GPS position from GPS modules, and the real
time speed of bus (v) is fed into Eqs. (1)–(3). Next, the delay due to traffic (DT) is investigated, and n
represents the number of intersections on service routes. More intersection in service routes introduces
high ETA error, and μ represents average service rate of service road, and λ is the average arrival
rate of service road. This work installed CCTV in main service routes according to POC, and the
recorded videos are analyzed using artificial intelligence technology with vehicle type classifications
via YOLO. YOLO algorithm is a real time accurate object detection method. YOLO produces a fast
and accurate object detection. YOLO determine the center of object. Then, bounding box is created.
Vehicle types with BUS-Truck, Car and motorcycle were trained. Also, average service rate of the road
and Average arrival rate of the road were collected using YOLO algorithm (Fig. 8). In terms of results,
μ is 47 veh/min, and λ is 34 veh/min. N represents the number of passengers (users) according to the
capacity of the bus, and the delay per passenger will be represented as DN. Actually, 40 passengers are
the maximum capacity of Zhongtong low floor bus (Fig. 4), d is average delay per person. Passengers
are requested to scan student ID card (RFID) before getting into the bus. This delay was collected,
and it was about 2.7 s of average delay per person. The query time (DQ) is default at 10 ms. These
parameters are collected and presented in Tab. 1. Finally, the total time trip with ETA in each hop are
calculated according to Fig. 6.
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Figure 4: Bus and electric motorcycle models

Figure 5: SUT smart transit system infrastructures

Figure 6: Total ETA concept



5852 CMC, 2022, vol.73, no.3

Table 1: ETA parameters

Parameters Mean Value Unit

N Number of passengers 40 person
d Average delay per person 2.7 s/person
v Average speed of bus 40 Km/h
s Distance between bus stop Depending on bus stop and GPS

positioning system
m

n number of intersections Depend on bus routes intersections
μ Average service rate of the road Rush hour = 47.80 Veh/min

Normally hour = 60.89
λ Average arrival rate of the road Rush hour = 30.25 Veh/min

Normally hour = 44.18
Query time Delays in retrieving data from

server
10 ms

ETA = DC + DT + DN + DQ (1)

ETA = Distance between bus stops
Realtime Speed

+ n
(

1
μ − λ

)
+ (N × d) + DQ (2)

Total Time Trip =
N∑

i=1

ETAi (3)

where N is number of hops.

Moresai@SUT consists of three parts:

3.1 Charging and Stopping Stations

The significance issue is the locations of charging and stopping stations, which are required to
be convenient in terms of the need of students. The Moresai@SUT team surveys the campus area,
especially the area that is in close proximate to SUT Smart Transit bus stops. The possible area was
proposed and voted by SUT students. In Fig. 3, the charging stations are depicted as orange color
symbols on the map, while the blue color represents stopping points. The twenty-two stopping points
and four charging stations are established.

3.2 Electric Motorcycles

Deco Sofia DC Motor 1 kw @60 V 20 Ah is selected by SUT student volunteers. Motorcycle
speed is limited at 45 km/hr, and the battery level are always kept being more than 50% due to safety
reasons. The driving license is requested before accessing the service.

3.3 Moresai@SUTStaff

The default number of the electric motorcycle are configured according to the students proximity.
During every morning, Moresai@SUT staffs will place more electric motorcycles at the main areas
of both male and female student dormitories, which are called S7 and S4, respectively. This is due to
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the fact that students have to travel to study buildings in an academic area during the morning rush
hour. The parking station at each study building is also a charging station. The users can charge the
electric motorcycles by plugging to charging ports. The percentage of battery is configured to be more
than 50% to avoid the user complaints about the low battery level of the sharing electric motorcycle
services.

The communication devices and GPS modules are also installed inside these electric motorcycle,
and the real-time speed, real-time position of the electric motorcycle are transmitted to the center
server. The staff members of Moresai@SUT monitor the parameters of service status, such as battery
percentage, current position, real time speed. Also, the geo-fencing technology is also applied to
prevent theft and other accidents outside the campus, as the Moresai@SUT backend system will notify
users when a motorcycle travels outside the geofences.

4 Implementation and the Measurement Setup

The practical implementation in the SUT campus depends on many parameters. SUT Smart
Transit can service on time, when bus drivers arrive at the bus stop according to the POC standard bus
schedule.

As a result, the passenger satisfaction score gets increased due to timely services. The convenient
and on time services attract more students to use this public transportation. As a result, the number
of personal motorcycles will be reduced. The accident statistics in campus will also be decreased.
The other option, such as sharing electric motorcycle platform, is another key for the reduction of
personal vehicle policy. Additionally, personal vehicles cost more maintenance service and more fuel
consumption. The sharing service can eliminate these issues, since students do not have to buy any
motorcycle in this service. However, student must possess riding license. Students with riding license
can access the pool of sharing electric motorcycles by using the Moresai@SUT application. The user’s
riding license is requested to be approved from the service provider.

Since the location of the bus stop and parking station of sharing electric motorcycle is near to each
other, the students who use SUT Smart transit service can access to Moresai@SUT service, when they
cannot wait for the next service bus. With this accessible Multi-Mode Transportation, the accidents
in the SUT campus statistically show the trend of reduction, which is the main purpose of utilizing
Multi-Mode Transportation system.

4.1 Implementation
4.1.1 SUT Smart Transit

The POC bus schedule with the service routes is separated by its color, and seven buses serve the
students in the dormitory area during the rush hour period. The service bus No.8 is configured as blue
route services that will go to the university hospital and will be in service from 07.10 am. to 06.30 pm.
The rush hour period started from 07.10 am. to 09.00 am. The Six services buses are separated into
two service routes: green routes for male student dormitory zone and purple route for female student
dormitory zone. The time interval between the current service bus and the next service bus is about
seven minutes during the rush hours. The green and the purple routes stop at the study buildings 1
(B1) and then go back to the student dormitory. The service bus No.7 or the orange route is created
for transferring student from the B1 study building to laboratory buildings and then stop at the bus
station. Moreover, students from the dormitory can change from orange route to blue route at the
bus station for travelling to the university hospital. The normal service period starts at 09.00 am. and
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ends at 09.00 pm. During this period, the SUT Smart Transit system will change green, purple and
orange routes to red route with seven service buses. The red routes will be in main service with 15 min
of service bus interval and takes 45 min for one trip. The blue route will be in service from 07.10 am.
to 06.30 pm.

4.1.2 Moresai@SUT

Electric motorcycles are located around the male and female dormitory zone. Ten electric
motorcycles with fully charged are located at male dormitory zone (S7-S8) and three for the female
dormitory zone. The students with the riding license can access Moresai@SUT service. Actually,
users need to open Moresai@SUT mobile phone application to register and confirm the payment,
and the registration approval method is approved by Moresai@SUT administration team. Student
will be allowed to ride the electric motorcycles after finishing the registration process. The payment
method uses electronic QR-code, which can be paid through mobile banking services. The cost of
Moresai@SUT for students are 5 Baht for starting, 1.5 Baht per kilometer and 0.5 Baht for pausing.
Fleet management is studied for the reduction of Operating Expenses (OPEX) issues according to [22].

4.2 Measurement Setup
4.2.1 SUT Smart Transit

The performance measurement of SUT Smart Transit is conducted. The measurers are located
according to Fig. 7. The first measurer will record the average delay per person, and the second
measurer will measure the ETA and compare the result between SUT Smart Transit application
and POC standard bus schedule. The third measurer will log the number of passengers on the bus.
The measured data are compared with the proposed mathematical model according to Eqs. (1)–(3).
Moreover, this work presents the difference between the measurement and proposed mathematical
model with tuned ETA parameters according to the Tab.1. The CCTVs are installed at the main
route for the determination of average service rate of the road along with the average arrival rate
of the road. The average delay per person are measured and resulted in 2.7 s/person. Hence, the
maximum capacity of 40 passengers produces 108 s of delay or ETA error. The Root Mean Square
Error (RMSE) is selected for the declaration of the proposed model and measurement values. The
SUT Smart Transit service has already served 119,611 passengers (not include special service 30,000
passengers in commencement day ceremony) from June 2020 to March 2021 before the Covid-19
pandemic when the university was locked down.

4.2.2 Moresai@SUT

The Moresai@SUT service started in June 2020 with 796 approved users, 4,254 trips and
14,161.65 km of total travelled distance. During the service period, from June 2020–March 2021, the
statistic of user number gets increased. The travelling heat maps are applied for recording the travelling
trip, and the high proximity in heat maps of electric motorcycles presents the most frequently used
route, which actually is the route that students travel from the dormitory area to study buildings.
The measurement of fleet management is collected by Moresai@SUT staffs. The numbers of electric
motorcycles that are on move in terms of their status from one station to another station are collected.
Also, the battery usage and charging data are collected and are monitored via Moresai@SUT system
database. The real time positions, percentage of battery and real time speed are recorded. Also, the
heat maps of electric motorcycles travelling around SUT campus are plotted. The real environment
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dataset depends on student and the government policy. Thus, collecting fleet management dataset is
the group of parameters which needs to be improved and updated after every service period.

Figure 7: Measurement setup of SUT smart transmit

Figure 8: Vehicle count and vehicle type classification using YOLO

5 Experimental Results and Discussions

The experimental results and discussions are explained in this section. The total time trips are
shown in the Fig. 9 and results indicate about 2.99 min as the difference between the measured and
proposed model. This is due to delays because of traffic, such as the number of vehicles on the road
during the service period vary according to the timetable of students. Some bus drivers might take
unexpected longer time since they waited for students who were running into the service bus at the bus
stop. The delay might also come from other situations, such as traffic guards were on duty to control
the traffic situation on the service route. The maximum RMSE between the measured and proposed
mathematical model is the yellow route. The students from the dormitory area take service bus to
market in front of the university.

The bus driver also waited for the passengers who took a yellow route services bus when going
back to the dormitory. Also, the waiting of passenger introduces more ETA error. However, the orange
services route data does not appear in these results due to Covid-19 pandemic. Most students use
personal vehicles for travelling to the laboratory zone. In the Fig. 10, the time between bus stops of
green service route is also presented. The maximum RMSE occurred at the final hop (Sport Complex-
B1 Building) because the bus stop is far from the sport complex. Then, bus driver must wait for the
passengers approaching to the bus stop. As result, ETA error is occurred due to such problems. The
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purple service route is presented in Fig. 11. The passengers took a service bus with longer period and
introduced more ETA error. The Fig. 12 shows the data from the blue service route. The Surawiwat-
S17 measured value is less than the model due to the fact that low number of students lives in the
S17 dormitory. The yellow service route data is depicted in Fig. 13. The S16-S1 produces maximum
RMSE due to the bus stops that are far from the dormitory building. The bus drivers waited for the
passenger when passengers were running to the bus. Moreover, the delay due to the traffic is another
issue in these hops. This route is in the main traffic of the campus. As a result, the yellow route bus
drivers will be more aware by considering the safety issue, when the bus crosses the main traffic. Also,
the measured result is higher than the proposed model due to the real situation on the service route.
The red service route is shown according to the Fig. 14, and the seven buses serve from 09.00 am.
to 09.00 pm. The service interval time is 15 min between the current and next service bus. The red
service route is a long distance with 45 min to end the trips. The difference between the measured and
proposed model is 0.45 min. The comparison of red service route is significant due to the long service
period. Another parameter which affects the ETA is the average delay per person, which is collected by
measurers on the bus. The average delay per person of purple service route is more than green service
route because purple service route serves for female students from the female dormitory zone. The
male students have more flexibility for self-preparation and travelling by the bus than female students
due to their uniforms. The blue service route produces maximum average delay per person due to the
passengers being sick or have some abnormal symptoms and need to travel to the university hospital.
Moreover, a long service period in red service route produces the delay of 2.7 sec per person (Fig. 15).
Also, the maximum capacity of passenger is 40 passengers. Then, the total maximum delay is 108 s
which affect the ETA error and on time bus services. However, smart transit can reduce average delay
per person with new passenger counting method, such as passenger counting with CCTVs on the bus.
Finally, the measurement results and the proposed system results introduce ETA error depending on
the delay due to real environment traffic, number of intersections in service routes, average service
rate of the road, average arrival rate of the road and passengers’ behavior with average delay per
person. The measurement results of Moresai@SUT as shown in Fig. 16 afer the three months of the
project. The top five parking positions are B1 study building, S4 dormitory, S7 dormitory, Gate4
market and the Gate1 market. Also, the heat map data in January 2021 shows high usage rate at
the SUT reservoir running park. The orange color increases in the SUT Technopolis zone, which is
near to the university bus station. The Moresai@SUT usage is presented in the Fig. 17. However, the
government made lock down policy in Covid-19 pandemic, and most of the students went back to
their hometown. As a result, the statistic of new users get reduced. The high usage Moresai@SUT is
shown in orange color compared to the early state of this MoreSai@SUT project. This work proposes
Multi-Mode Transportation system in SUT campus. The sharing economy is presented as a minor
transportation system. Major transportation system, the campus bus service is still running on time.
Moreover, the causes of ETA error are introduced in this work. The utilization of ITS technology, new
electronics device and electric vehicles increase the convenience of passengers with more choices of
transportations. Moreover, the reduction of CO2 per passenger-kilometer with the help of the proposed
system is shown in the Tabs. 2 and 3.
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Figure 10: Comparison of green line ETA between measurement and proposed model
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Figure 16: Moresai@SUT heat maps

(a) Before 2nd Wave of Covid-19 Pandemic

(b) Before 2nd Wave of Covid -19 Pandemic
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Table 2: Gram of Co2 per passenger-kilomet rereduced by MoreSai@SUT

Parameters Values Unit Gram of CO2 per passenger-kilometre

Total trip 5,430 Trips 115 g/pkm × 14,161.64 km
Total user 758 Users = 1,628,900.6 g
Total distances 14,161.65 Km = 1.63 metric ton

Table 3: Gram of Co2 per passenger-kilomet rereduced by MoreSai@SUT

6 Conclusions

This work proposed Multi-Mode Transportation system with the ITS technology. Actually, we
effectively applied multi-mode transportation system by using public mass transportation system via
campus bus service and smart electric motorcycle sharing by using the V2N technology. Also, the
CCVT cameras were deployed in the main service routes with the aim of classifying and counting
vehicles by using the YOLO algorithm. Moreover, the 4G LTE modules and OBU were used in V2N to
send the real time speed and location to the cloud. The received data was then applied in the proposed
mathematical model to compute the Estimated Time of Arrival (ETA). Using ITS on the campus bus
service provided more attractiveness to users along with having the potential to reduce the number of
personal vehicles in the campus area, as unveiled in the final experimental result.

Moreover, the real environment implementation of SUT Smart Transit and Moresai@SUT model
were presented. The Multi-Mode Transportation system provided more choices of transportation
service. The experimental results showed that the reduction in CO2 of about 13.75 metrix ton
before the Covid-19 pandemic. The statistical data showed that the number of accidents in the
campus got decreased, when this Multi-Mode Transportation was used, as the usage of personal
vehicles got reduced. Hence, this transportation system has more attractiveness to users compared
to the conventional transportation system. However, reducing of ETA error, passenger feedbacks
improvement and API development between SUT Smart Transit and MoreSai@SUT application will
be created. An accurate ETA introduces on time services, which increased the number of passengers.
Moreover, with the recent developments in AI [31–34], the performance of the system will be further
improved.
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