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Abstract

In recent years, smart public transportation has become one of the most im-
portant things for developing cities and improving people’s quality of life.
Public transportation users face many problems, the most important of which
is the long wait at the bus station. The proposed system in this paper helps
users of public transportation to find public transportation, arrival times, and
other information from any place and at any time using a mobile application.
The main objective of the prototype is to reduce the wait time at the bus sta-
tion by knowing the nearest buses to a user, the real-time location of buses on
the Google map to help passengers track buses in real-time, the arrival time of
buses, and speed. The system was implemented based on Internet of Things
(IoT) technology, by using the Global Positioning System (GPS), a microcon-
troller with a built-in Wi-Fi module (ESP32), and a mobile user interface by
the Blynk IoT platform. The proposed system has been implemented and
tested in real-time, where all data obtained is displayed by the GPS sensors for
bus locations (longitude and latitude) and speed on the smartphone applica-
tion. The distance between the bus location and the passenger that will appear
in the mobile app was calculated by using the Haversine formula. It measured
the accuracy of the distance obtained based on a study of several days at dif-
ferent times on multiple roads in Mosul city and compared it with the actual
distance. The average difference between the calculated values computed by
the Haversine equation compared to the data obtained from the actual dis-
tance is (177 meters) with a minimum error of 8 meters. The arrival time of
each bus was calculated based on the distance and average speed of the bus
registered along the road.
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1. Introduction

Public transportation refers to shared passenger transportation services such as
buses, trolleybuses, trains, ferries, and expresses transportation like the metro
[1]. Intelligent Transportation Systems (ITS) has a subsystem called Smart Pub-
lic Transportation (SPT). It can intelligently monitor public transit networks to
ensure their operation and to provide clients with information on excursions
and system operating conditions [2]. Smart public Design of an intelligent
real-time Public Transportation Monitoring System based on IoT transport sys-
tems, depending on several technologies, allows SPTS to retrieve data from mul-
tiple sensor systems and to manage and control the transportation network.
There are many innovative technologies, which promoted the development and
implementation of smart public transport systems, such as Geographical Infor-
mation Systems (GIS), Automatic Vehicle Location Systems (AVLS) and Trav-
eler Information Systems (TIS) [3]. The Internet of Things (IoT) is a network of
interconnected physical objects that can be accessed through the internet. As
countries aim to improve their citizens’ standard of living, they begin to improve
the infrastructure of their cities, towns, and villages. Improving public infra-
structure would also require bettering city transit services. In cities, bus services
are the backbone of the public transportation system (PTS). Because of many
issues such as wait times, traffic congestion, etc., the reliability of public trans-
port is being diminished; SPTS is using IoT to avoid any of these issues [4].
Wireless communication is the transmission of data between two or more points
without the use of wires or cables. There are several technologies used to manage
and control public transportation systems [5].

Through combining information technology, advanced techniques, and smart
sensing systems, previous works show that different wireless technologies man-
age and monitor smart public transportation systems such as RFID, IR, GPS,
Bluetooth, and Wi-Fi, etc.

Parmeshwar ef al (2017) [6] create and introduce a smart bus transport sys-
tem using GSM, GPS and Arduino. GSM, GPS sends a message to passengers
who are waiting for the next bus to arrive. Passengers counted automatically in
this scheme.

Kiran et al (2017) [7] smart bus tracking system based on Wi-Fi and a real-time
bus tracking mobile application. The app uses the bus terminal’s address to send
data to the cloud, where it is retrieved and shown to the user in a mobile app.
Users are also told when the bus is approaching the bus station.

An Android application for vehicle tracking and monitoring [8] has the capa-
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bility of current passenger count and that count is automatically updated, as is
the location of the passengers. Passengers” wait times and other issues will be
reduced, using smartphones and technologies like GPS, public transportation,
Android, MySQL, and RFID chips.

As an Android App for tracking buses and calculating distances to stations
along their routes [9], the tracking system includes placement of GPS, RTC, and
Arduino UNO in a bus, and an Android App installed on any smartphone to
track the bus location.

The system includes a GPS and a sensor built into the bus that counts passen-
gers [10]. Obtain this information via Wi-Fi or the Internet at the bus station. A
RaspberryPi3 is used to process GPS and sensor data before sending it to a serv-
er.

The prototype collects data at the bus station, uploads the updated informa-
tion to a server via the internet, and displays the data to customers [11]. RFID,
GPS, and Wi-Fi built-in into the controller are among the main technologies
employed in this work.

A paper suggests a system for tracking public buses using GPS (Global Posi-
tioning System), GPRS, IR, and an Android application [12]. The passengers can
monitor the location of the bus by using an app installed on their smartphone to
track position, bus numbers, routes, bus stops, and bus timings.

An Arduino Uno, Wi-Fi Module, Router, and GPS are used to build and de-
velop a Smart Bus Tracking and Management System that can be controlled and
monitored from anywhere using an internet connection and a mobile phone
[13].

The system consists of GPS and the Internet of things (IoT) cloud to store da-
ta [14]. Monitoring is done by an Android application installed on the officials’
phones. If there is a delay, an alarm will give to the driver and officials regarding
the delay.

The biggest problem facing users of public transport is related to the schedule
and the availability of seats on the bus [15]. Passengers can track the bus’s
real-time location at any time using GPS (Sim808), Arduino UNO, ESP8266,
and RFID.

It is a prototype for developing a real-time system capable of monitoring ar-
rivals, departures, and bus data at all bus intersections [16]. The RFID module
can be used with the GSM module to design this system. RFID will assist in get-
ting data for a specific bus and storing it at the designated bus station.

A vehicle monitoring and tracking system was created using the Blynk plat-
form as a data transport [17]. Nod MCU ESP8266, Ultrasonic sensors, gas sen-
sors, infrared sensors, temperature sensors, and GPS modules are used. The
smartphone application notifies the driver or other passengers in the vehicle.

The system can book tickets automatically and track buses in real-time [18].
RFID (Radio Frequency Identification), GPS will help with the location of the

bus. The system will calculate the distance traveled and deduct the money from
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the passenger’s E-wallet, which can be managed through the mobile app.

The system uses Global Positioning System (GPS), Arduino, and IR (infrared)
sensors [19]. An Android app is used to track the bus’s position. The app in-
cludes details about the bus, such as its number, routes, bus stops, and arrival
and departure times.

The suggested system offers the actual position of the desired bus as well as
numerous specifics, such as access time, number of passengers on the bus, bus
speed, and departure time [20]. By using the Node MCU, GPS module, Wi-Fi
IoT module, Arduino UNO, and Android application.

The suggested proposed system in this paper is a low-cost, IoT-based,
real-time, and easy-to-use system. It consists of a GPS module and an ESP32
(microcontroller & Wi-Fi module) that will be installed inside the buses. GPS is
used to obtain a real-time bus location, as well as speed, direction, etc. All data
collected by ESP32 will be transferred to the Blynk server through Wi-Fi, then
displayed on the mobile application. The system aims to reduce the wait time at
the bus station.

The paper is organized as follows. Section 2 describes the proposed system
methodology. Section 3 presents the implement of the proposed system. Section
4 discusses the results obtained through implementing the proposed system, and

finally, the last section provides the conclusion.

2. Proposed System Block Diagram

The prototype of the proposed system is in Figure 1. It consists of an Android
application designed for users who want real-time information about the buses.
The app will display information about buses such as real-time location on
Google Maps, speed, distance, and arrival time of each bus. The proposed system
includes an ESP32 with a Wi-Fi built-in module, a GPS module, and an Android
app connected to the server. The proposed system is operated by GPS and

Inside Each bus

Figure 1. Block diagram of prototype of smart public transportation system.
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GPS Satellite Blynk server == = ks

ESP32, which are installed in each bus with a power supply that may be obtained
from the bus. GPS receives the satellite signals and then the position coordinates
with latitude, longitude and speed are determined for moving buses. After re-
ceiving the data, the tracking data can be transmitted using wireless communi-
cations systems. In this system, the ESP32 is a microcontroller with a Wi-Fi
module. All the information collected by ESP32, such as location (latitude and
longitude), speed, etc., will be uploaded to the Blynk Server. Based on IoT, the
user can access this information on a bus through the Android application. The
Haversine formula is used to calculate the distance and estimated arrival time

that will be shown on an Android application.

3. Implement of the Proposed System

The prototype of smart public transportation is in Figure 2. It consists of two
parts: The first part is the communication unit, which includes a GPS module
and an ESP32 micro-controller with a Wi-Fi built-in module. This unit is used
in the public transportation system for vehicle monitoring and tracking. With
the help of the GPS module, it can determine the current position and calculate
the speed of buses. The GPS data is transferred to the Blynk server with the help
of the Wi-Fi module for storage and analysis. Then it is displayed on the mobile
phone application. The second part is the mobile application. The android ap-
plication gets data from the Blynk server and provides the required data to the

user based on the information provided in the android application.

3.1. ESP32 Microcontroller

The ESP32 is a microcontroller with a Wi-Fi module, an open-source IoT plat-
form that is characterized by low-cost and low-power system-on-a-chip (SOC).
An ESP32 has a dual-core structure and internal modules such as Wi-Fi, Blu-
etooth, and many Peripheral Interfaces such as IR, SPI, CAN, Ethernet, and

temperature sensors [21]. The specifications of the ESP32 are given in Table 1.
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Figure 2. Prototype of smart public transportation architecture.
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Table 1. ESP32 specification.

CPU Tensilica Xtensa LX6 32 bit Dual Core at 160/240 MHz
SRAM 520 KB
FLASH 2 MB (max. 64 MB)
Voltage 22Vto3.6V

Operating Current 80 mA average Free
Programmable Free (C, C++, Lua, etc.)
Open Source Yes
Wi-Fi 802.11 b/g/n
Bluetooth 4.2 BR/EDR + BLE
UART 3
GPIO 32 pins

3.2. GPS Module

GPS (Global Position System) used for positioning and tracking buses based on
satellite communication. GPS satellites cover the entire earth at all times. To get
accurate GPS location data, there should be a minimum of three satellites. The
NEO-6M GPS module used in the proposed system is small and works on very
low power, making it ideal for tracking applications. The GPS module operates
at 3.3 V, as a result, powered by connecting the GPS module to the 3.3 V pin of
the ESP32. respectively shown in Figure 3.

3.3. Mobile Application

The Android application is critical to this system’s success. It assists passengers
by providing information about the bus they need to take. It works as a link be-
tween the user and the server. In this system, the android application is designed
by using the Blynk platform. The Blynk platform is an IoT platform, offering a
way to design wonderful applications in minutes for Android and iOS smart-
phones. It can be used to manage different controllers, such as Raspberry Pi,
ESP8266, ESP32, etc. The Blynk platform’s architecture includes Blynk libraries,
Blynk server, and Blynk apps [22]. The Android app shown in Figure 5 includes
a map that will show the passenger’s location, as well as track the present loca-
tion of the bus. It also provides the estimated time for the bus to arrive, the
speed of the moving bus, and displays the nearest bus to the user by calculating

the distance between the passenger and the bus location.

3.3.1. Distance Calculation

The Haversine formula was adopted to calculate the distance that will appear in
the Android app. It calculates the distance between the passenger and the bus
location using the latitude and longitude of the bus and the passenger who is at
home, work, or at the bus stop. The following equations can be used to calculate
the distance [23].
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Figure 3. GPS module to ESP32 connection.
a=sin’(Ap/2)+cos g, -cos g, -sin’ (A1/2) (1)
c:2-atan2(«/5~\/1—a) 2)
d=R-c (3)

where: (“¢”) = latitude;
(“A”) = longitude;
(“Ag@”) = latitude 2 — latitude 1;
(“AA”) = longitude 2 — longitude 1;
R = earth radius (6371 meters);

d = distance between the two location.

3.3.2. Arrival Time Calculation
The arrival time of each bus, which will appear in the Android app, is calculated

based on the following equation.
t=d/s*60 (4)

where: ¢ = arrival time of bus.

d = distance between the passenger and bus location that get from Equation
(3).

s = average speed of bus along route.

To convert the arrival time (7) that will be obtained from Equation (3) from an

hour into a minute, it is multiplied by 60 (one hour into a minute).

3.4. Work the Proposed System

The proposed system method is working procedure first; the user must deter-
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mine his location by activating the location feature in a smartphone. To get the
information entered the application will provide the details about buses, bus lo-
cation, bus speed, bus arrival time, nearest bus from a user by offering the dis-
tance between user location and bus. This information will assist the passenger
to select their suitable bus. In the flowchart that describes the proposed system
work in Figure 4. A GPS module connected to an ESP32 Microcontroller with a
built-in Wi-Fi module is placed inside each bus. When the power supply is on,
the GPS module communicates continuously with the satellite to get coordi-
nates. The GPS module will initialize itself, then the module will get the coordi-
nates, but if the coordinates are not received, then the module will initialize
again. Once the GPS obtains the coordinates, it sends the data, including latitude
and longitude, and speed to the IoT Blynk server through the ESP32. At the
Blynk server, the latitude and longitude are extracted and used on the visual map
in the Blynk application. The live location of the bus can be seen on the Google
map. Continuous data digital updates such as speed, distance, and the arrival

time of the bus are displayed on the mobile application.

GPS Initialize
Module

NO

Get the Location and
speed bus from GPS
Module

GPS Value send to IoT Blynk
Server through the ESP32
Using the Wi-Fi

Blynk Server Recived Data

Using internet

Display the Data on the Mobile

Application

Figure 4. Smart public transportation system flowchart.
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4. Results and Discussion

For testing the efficiency of the proposed system, the prototype has been in-
stalled (GPS unit and ESP32) inside a vehicle with supplied internet to use the
possibilities offered by the Internet of Things. That vehicle roamed through
multiple roads in Mosul city for several days and at different times, for collecting
and recording data (latitude, longitude, speed, distance, and time of arrival).
Depending on the system model, this information will be transmitted via a
Wi-Fi internet connection to the Blynk server and then to the Android mobile
application. Figure 5 represents the result displayed in the end-users mobile ap-

plication for the smart public transportation system.

4.1. Location Accuracy Analysis

The proposed system has been tested and Table 2. Display data obtained from
several streets in the city of Mosul to determine the level of accuracy of the data

obtained through GPS on several days and at different times.

4.2. Distance Accuracy Analysis

Figure 6 presents a graphic comparison of the distance level, the accuracy ob-
tained through the calculation of the great circle distance equation, and the
comparison between the total distance obtained from each of the test data and
the total distance through real distance.

The Haversine equation used to measure the accuracy of the obtained dis-
tance. Based on a study of 4 days with different times, the average difference
between the calculated values computed by the Haversine equation compared to
the data obtained from a real distance is (177 meters) with an error ratio be-

tween 8 to 225 meters. This error is due to the fact that the Haversine equation

O smartpublictransp (2 | (] [ smartpublictransp ([ | O smart public transp (9]

DISTANCE @ TIME ARRIVE  GPS-DATA DISTANCE @ TIME ARRIVE MAP GPS-DATA MAP

LATITUDE BUS1 LONGITUDE BUST DISTANCE FROM BUST DISTANCE FROM BUS2

@ 36.322853 43.185848 2858 0
o SPEEDBUS 1 DIRECTION BUST DISTANCE FROM BUS3
AL aa ® 63.450 SSE 17
=l LATITUDE BUS2 LONGITUDE BUS2 TIME ARRIVED BUS1(T) TIME ARRIVE BUS2(T)
36301556 43.202309 3988 0014
SPEEDBUS2 DIRECTION BUS2 TIME ARRIVED BUS3(T)
0074 SW 0.024
. LATITUDE BUS 3 LONGITUDE BUS3
Susl el 36301414 43202297
Q SPEEDBUS3 DIRECTION BUS3
& m 0.185 S
PASSENGER.
na
N
RN
Google
(a) (b) ()

Figure 5. Mobile app for prototype of smart public transportation (a) Buses and passen-
ger location on map, (b) GPS data, (c) Distance and arrival time of each bus.
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Table 2. Several locations from the different streets in mosul city.

No. Date Time Latitude Longitude
1 17/2/2021 10:58 am 36.316739 43.191141
2 17/2/2021 11:04 am 36.350198 43.183983
3 17/7/2021 11:10 am 36.343765 43.182983
4 17/7/2021 11:13 am 36.337387 43.162712
5 17/2/2021 11:19 am 36.310638 43.207447
6 6/3/2021 12:30 am 36.3015221 43.202267
7 8/3/2021 11:38 pm 36.30159 43.20216
8 8/3/2021 11:39 pm 36.301559 43.202206
9 8/3/2021 11:40 pm 36.310688 43.203171
10 8/3/2021 11:43 pm 36.295567 43.195332
11 8/3/2021 11:55 pm 36.389160 43.187370
12 9/3/2021 10:05 am 36.377155 43.149384
13 9/3/2021 10:07 am 36.350117 43.238834
14 9/3/2021 10:15 am 36.376621 43.153072
15 9/3/2021 10:16 am 36.379650 43.153046
16 9/3/2021 10:17 am 36.381821 43.150658
17 9/3/2021 10.19 am 36.382019 43.156296
18 10/3/2021 10:07 am 36.335922 43.202955
19 10/3/2021 10:15 am 36.310688 43.203171
20 10/3/2021 10:24 am 36.301514 43.202290
21 11/3/2021 11:32 am 36.374424 43.147087
22 11/3/2021 11:33 am 36.371513 43.136124
23 11/3/2021 11:34 am 36.370644 43.133099
24 15/3/2021 7:15 pm 36.301514 43.202446
25 15/3/2021 7:16 pm 36.302582 43.201664
26 24/3/2021 1:25 pm 36.370796 43.133259
27 24/3/2021 1:27 pm 36.365589 43.120064
28 24/3/2021 1:28 pm 36.358574 43.111202

calculates the distance between two points on the surface of the Earth, assuming
that the geometry of the earth is completely spherical (ignoring ellipsoidal ef-
fects) with a mean radius of 6.371 Km. Since the earth is not spherical, the earth
in reality is elliptical with a radius between 6.378 Km (equatorial) and 6.357 Km
(polar). This means the errors from assuming spherical geometry may reach
0.55%.
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4.3. Arrival Time Accuracy Analysis

The arrival time between two points calculated based on Equation (4) as shown
in Figure 7, where time accuracy depends on the accuracy of the distance in Ta-
ble 3.
Figure 7 shows the average speed registered along route during 13 minute.
Table 3 displays the some overall results obtained applying the Equations
(1)-(4) of the proposed system.

Distane Accurcy Dayl Report Distane AccurcyDay2Report
(17/2/2021) (8/3/2021)
6 3
s 5 4.991 2s
54 4 3775 i ) 21 207
3 3 = Real Distance g 15 u Real Distance
E ) 2 1.949 » Haversine 8§ | 0920907 1 101 ¥ Haversine
L} 2
® . . o
0 0
L 11 2 1 3 L ion 1 L ion2 L ion3
(a) (b)
Distane Accurcy Day3 Report Distane Accurcy Day4 Report
(10/3/2021) (15/3/2021)
6 8
. 51 _a.945 =7 72 G904
£ E6
£, £
§ 3 2.9 2.85 u Real Distance § 4 5 5888  Real Distance
s, 1.7 1.692 . = Haversine 83 = Haversine
k] B, 171655
58 i
. : Il
L ion1 L i L ion3 L jon1 L ion2 L o

(©) (d)
Figure 6. Graphic comparison of distance (a) Day 1, (b) Day 2, (c) Day 3, (d) Day 4.

Table 3. Results obtained applying of the proposed System.

No. Date Time Distance Average Speed Arrival Time
(Km) (Km/h) (minute)
1 15/3/2021 10:58:12 am 3.775 Km 49 Km/h 4.5 minute
2 15/3/2021 11:15:20 am 1.494 Km 59 Km/h 1.98 minute
3 15/3/2021 11:20:33 am 4.949 Km 60 Km/h 4.99 minute
4 21/3/2021 3:06:12 pm 9.450 Km 42 Km/h 11.340 minute
5 21/3/2021 3:12:30 pm 6.618 Km 40 Km/h 7.94 minute
6 21/3/2021 3:16:33 pm 5.229 Km 31 Km/h 6.275 minute
7 21/3/2021 3:19:50 pm 2.237 Km 40 Km/h 3.63 minute
8 21/3/2021 3:23:13 pm 1.928 Km 49 Km/h 2.314 minute
9 24/3/2021 1:25:15 pm 10.500 Km 59 Km/h 12.6 minute
10 24/3/2021 1:25:50 pm 10..442 Km 64 Km/h 12.503 minute
11 24/3/2021 1:26::18 pm 10.398 Km 47 Km/h 12.478 minute
12 27/4/2021 11:35:24 am 2.229 Km 37 Km/h 3.6 minute
13 27/4/2021 11:36:26 am 2.130 Km 37 Km/h 2.972 minute
14 27/4/2021 11::37:17 am 1.432 Km 45 Km/h 1.998 minute
15 27/4/2021 11:37:58 am 0.938 Km 47 Km/h 1.309 minute
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Average Speed Registered along Route During 13 Minute
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Figure 7. Graphic of average speed over the time the GPS-Data.

The proposed system is easy to use than other systems and more cost-efficient.
It also provides greater performance than RFID and GPS-GSM systems. The ap-
plication of this proposed system showed that using three GPS-Data only: lati-
tude, longitude, and speed, it is possible to find information about buses, in-
cluding arrival time, distance. This proposed system could be a valuable guide
for those people involved in the study of GPS-Data gathered from moving buses.
In the proposed system, the present location of the bus can be known by the la-
titude and longitude of the bus. The distance between the location of the bus and
the location of the passenger is calculated based on the Haversine equation. The
bus’s arrival time is calculated based on Equation (4). All information is loaded
onto the Blynk server and displayed on the mobile application.

5. Conclusion and Future Work

This paper introduces a prototype of a smart public transport system that is de-
signed and implemented using IoT technology, GPS, and ESP32. This system
shows that it can use GPS-Data only to get real-time information about buses,
such as the current location of the bus, speed, arrival time, and distance. This
system offers solutions for users of public transport who take a bus to reach their
destinations. This system will help them to reduce the waiting time at the bus
station because it provides passengers with necessary information about buses,
like the current location of buses, the speed of the bus, arrival time, and the dis-
tance. The distance between the user and the bus location, which is calculated
using the Haversine equation with a minimum error of 8 meters, and the arrival
time of each bus is calculated based on the distance and the average speed of the
bus registered along the road. The system is practical and reliable for transmit-
ting data using Wi-Fi, compared with other systems that are based on GPS-GSM
technology. Future work: The mobile application will be developed by adding
additional features, using an IR sensor to count the number of passengers on the

bus, and using RFID tags to implement an electronic ticketing system.
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