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Abstract—Vehicle tracking has become a common practice 

for commercial and traffic monitoring purposes. The 

problem of tracking the vehicle arises in the situation when 

there are more than one vehicle in the same place and the 

order of movement is important. Also, the problem is in 

places where there is a high frequency of vehicles such as 

parking spaces or public transport stations. The authors 

solve the problem through the application of different 

wireless technologies in monitoring the position of vehicles 

and their distance from the station, by automating the entry 

and referral of vehicles to the appropriate platform. This 

paper proposes an Internet of Things solution for 

controlling the entry and routing of a vehicle through 

reliability, security, and low cost. The authors applies a 

solution based on sensors, microcontrollers and wireless 

access control using radio communication, which is paired 

with infrared technology. 

I. INTRODUCTION 

Internet of Things (IoT) is one of the most radical areas 

that are expected to change the current understanding of 

things. Its presence is increasing day by day [1]. In terms 

of standardization, the International Organization for 

Standardization (ISO) made in 2012 the ISO / IEC JTC 1 

/ SWG 5 group, which deals with standardization in the 

area of Internet of Things (IoT) [2]. This group gave the 

definition of IoT: „An infrastructure of interconnected 

objects, people, systems and information resources 

together with intelligent services to allow them to process 

information of the physical and the virtual world and 

react” [3]. 

The development of IoT increases the development of 

automated systems. Some systems were automated prior 

to this concept, but with the development of technology 

and ubiquitous computing we come to the need that most 

things can be managed over the Internet and that from 

most devices we can monitor the states by reading the 

values from the appropriate sensors. The availability of 

the Internet at all times has been contributed by 

smartphones with their information processing 

capabilities and have accelerated the development of IoT 

and ubiquitous computing [4]. Software in smartphones is 

used in a customized format in televisions, watches, etc. 

One of the frequent application of smartphones i the 

collection and processing of geospatial data, and some of 

the applications are vehicle tracking, route search, etc. 

Vehicle tracking can tell us where the vehicle is, but 

when there are more vehicles in the same location where 

the order is important, an error may occur. The problem 

dealt with in this work as an expanding example of the 

IoT relates to tracking the vehicles and their distances 

from the station, regarding to the automation of entry and 

referral of vehicles to the appropriate platform of the bus 

station. The purpose of research presented in this paper is 

developing solution without the use of active readers and 

cameras, but using technologies which components are 

not expensive and have application in the IoT concept. 

The second chapter of this paper provides a short 

description of already solving the problem of parking 

spaces. In the third chapter, authors describe wireless 

technologies for data transmitions. The proposed IoT 

solution for control of the entry and routing the vehicle is 

given in the fourth chapter. The fifth chapter describes 

the application and results of the proposed IoT solution, 

while conclusion is summed up in the conclusion chapter. 

 

II. RELATED WORK 

By researching the literature, it was concluded that the 

problem of finding free parking spaces and a smart ramp 

represent problems that are associated with this work. 

Addressing the problem of finding a parking place 

involves a great number of researchers exploring the 

application of the IoT concept. Solving the problem of 

parking spaces can be grouped into one of four 

categories: counter-based, wired-based, wireless-based 

and image-based systems [5]. 

Researchers [6] propose a cluster-based architecture 

that connects to a central silo that communicates with the 

server. Each cluster has its own RF channel, and the 

sensors are fixed to the parking spaces and communicate 

over the RF network with the main node in the cluster, 

which communicates with the central silos. Given the fact 

that radio communication is concerned, researchers have 

developed their own protocol to enable functionalities 

similar to wireless sensory networks. Protocols used as 

models are protocols used in sensor networks such as the 

Low Energy Adaptive Clustering Hierarchy Protocol 

(LEACH) proactive protocol and the Threshold sensitive 
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Energy Efficient sensor Network Protocol (TEEN) 

reactive protocol. In terms of hardware, the researchers 

used the ATMega 328 microcontroller, which was 

connected to the nRF24L01 radio module, and the 

GP2Y0A21YK Infrared Module was used to examine 

parking spaces. 

In paper [7], researchers propose a solution for locating 

parking spaces by sending information from sensors over 

the Internet to the server. A user who wants to park 

would use a mobile location-based application. The 

authors also addressed the problem of booking parking 

spaces. If somebody got the information that the place 

was free and headed towards it, it is important that 

someone else does not take that place. The hardware used 

by the researchers was the ATMega 328 microcontroller, 

the Arduino Ethernet communication board, and the HC-

SR04 sensor was used to test the site's occupancy. The 

HC-SR04 sensor can be replaced with magnetoresistive 

magnetic field sensor. This sensor would detect site's 

occupancy. Site's occupancy is detected by the changes in 

Magnetic  field when vehicle is present [8]. Experimental 

measurements [9] have shown that different brands of 

vehicles have different influence on the Earth’s magnetic 

field. Magnetic field analysis with mathematical 

expressions along with experimental study showed that a 

vehicle, which is standing over the sensor does not 

always increase the magnetic field Z component and the 

vehicle standing in an adjacent parking place does not 

always decrease the Z component. 

The solution proposed in [10] is based on RFID 

technology. Each parking area has two readers, which are 

used for the detection of vehicles entering the parking 

zone and coming out of it. This gives the information 

about how much parking space is free. The user can use a 

mobile application to find out where to park. In the 

example shown in the paper, the Arduino Uno R3 with 

Arduino Ethernet Shield was used for communication 

over the Internet, and RFID readers and RFID tags were 

used for authentication. 

In this solution, we could replace RFID by using sound 

processing architecture as described in [11]. By 

processing sound, information such as number of 

vehicles, vehicle speed, direction of movement can be 

obtained. Paper [12], by integrating technologies of 

RFID, GPS, GPRS and using LANDMARC method, an 

accurate vehicle location system in a variety of complex 

environments is proposed. This solution improves the 

precise vehicle location and get the mechanical 

information of vehicle status by the technology of 

wireless data communication. 

Paper [13] describes the software architecture with a 

focus on the gateway. Information collected from the bus 

sensor is sent via the Zigbee network, with additional 

information such as sensor ID and battery status. The data 

arrives at the gateway, which represents a connection to 

the IoT middleware. Gateway then translates the data into 

JSON format and as such sends it further to middleware. 

In the paper, Carriots was used for IoT middleware. 

Work [14] is similar to work [13], where instead of the 

gateway, Embedded Web Server is used. The problem of 

using the camera as a sensor, which increases in the price 

of the system, is observed in this paper. 

The second group of research related to this work is the 

smart ramps. Automation of ramp raising is most 

commonly encountered at toll ramps, where automation 

is performed using RFID technology, that is, the active 

reader and the tag contained in the vehicle. Identification 

is done based on the tag in the vehicle. If there are funds 

for the toll payment for this tag in the account, then the 

ramp will be opened and the necessary amount of money 

will be withdrawn from the account [15]. We also have 

smart ramps on private parking lots in automation of 

raising the ramp, where a request for opening is sent via 

the radio transmitter. 

III. WIRELESS TECHNOLOGIES FOR DATA 

TRANSMISSION 

Based on previous works we can conclude that it is 

necessary to use some wireless data transfer technology 

in order to achieve the highest degree of automation. The 

basic division of wireless communications is according to 

technology on optical and radio. 

Wireless optical data transmission can be divided into 

two groups, depending on the distance of data 

transmission, to shorter and longer wireless optical 

networks [16]. 

Infrared (IR) communication is wireless 

communication also known as „wireless optical 

communication“ because of its propagation of light 

waves in the invisible part of the spectrum (invisible to 

man). The communication works on the point to point 

principle, which means it is intended for communication 

between two points, where IR diode is used for sending 

data and the photo-diodes for receiving the data are used. 

There should be no obstacles between these diodes in 

order for communication to take place. Communication 

can be applied at a distance of up to 10 meters [17], [18]. 

The data in the form of the current is sent to the IR diode 

and is emitted in the light range from 0.78 to 1.0μm, and 

is received on the other side and translated from light to 

electrical data [19]. Data transmission is accomplished by 

using pulse code modulation (Pulse Code Modulation-

PCM), where the carrier frequency is usually in the range 

of 30 kHZ to 58 kHz [20]. Depending on the frequency at 

which it operates, the diode is switched on and off and 

sends binary values of 0 or 1. The application of IR 

communication can be seen in home and industrial 

automation, and the manufacturers proposed their 

standards for communication, and in 1993 an Infrared 

Data Association (IrDA) group was formed that has 

developed a standard in this area. Some of the protocols 

made in this standard are the Philips RC-5 and RC-6, the 

NEC's PD6122. 

Radio frequency signal (RF) refers to electromagnetic 

signals used in wireless communications. Radio waves 

188



range from 3 kHz to 300 GHz. There are radio 

technologies that represents standards and as such do not 

allow the use of other protocols above a physical medium 

such as Bluetooth, WiFi etc. while other RF modules 

allow the use of various protocols over the physical 

medium. Regarding the range of RF communications, 

they are divided into those that operate at shorter 

distances such as Near Field Communication (NFC), 

Radio-Frequency Identification (RFID), Bluetooth or 

Bluetooth Low Energy (BLE). For longer distances, 

wireless networks such as WiFi, GSM can be used [13]. 

Networks with a shorter range such as BT, BLE, NFC 

(RFID) fall into the WPAN (Wireless Personal Area 

Network) group. The overview of wireless 

communications is given in Table I. 

IV. PROPOSED IOT SOLUTION FOR CONTROL OF THE 

ENTRY AND ROUTING THE VEHICLE 

Using radio communications, we achieve a greater 

range and the car check process can go earlier. Radio 

communication has a greater degree of tolerance on data 

transmission on the move. The problem that occurs when 

there are two vehicles at same time in front of gateway or 

platform.  

The ramp does not know which vehicle is the first, and 

it checks and exchanges messages via radio 

communication and carries out authorization process with 

another vehicle, after which it raises the ramp. The first 

vehicle enters with the permission of another vehicle. To 

avoid this case, the authors purpose usage point-to-point 

optical communication, such as IR diode. In this case the 

ramp will be aware of the vehicles in front. We can place 

an IR diode on the ramp that would transmit an IR signal 

when the vehicle comes in optical visibility, or put an IR 

diode into a vehicle that would transmit an IR signal 

when the vehicle comes close to the ramp. To check the 

parking space, we can use sensors as used in [7] or some 

other, which would be connected to the gateway where 

planning and directing the vehicle to the free platform 

will be carried out. To check the parking space, an HC-

SR04 sensor or another may be used. 

TABLE I.  

OVERVIEW OF WIRELESS RADIO COMMUNICATIONS 

Technology Distance Transmission 

speed 

Frequency Network 

type 

WiFi 100 m 54 MB/s 

2.4, 3.6, 

4.9, 5, 5.9 

GHz 

star 

WiMAX 50 km 75 MB/s 3.5 GHz mesh 

LTE 30 km 75 MB/s 
2.5,5,10 

GHz 
star 

LTE-A 30 km 1 GB/s 
2.5, 5, 10, 

15, 20 GHz 
point-to-

point 

Bluetooth 100 km 1MB/s 2.4 GHz 
point-to-

point 

ZigBee 20 m 250 KB/s 2.4 GHz mesh 

Z-Wave 100 km 100 KB/s 900 MHz star 

LoRaWAN 5 km 50 KB/s 
867–869 

MH 
Star 

 

Checking the vehicle authorization is done when it 

approaches the ramp to the appropriate distance. When 

information is received that the vehicle is approaching the 

ramp, it sends a request for identification via the radio 

network. The vehicle sends an identifier (e.g. license 

plates) through the IR communication, after which, in 

order to increase the safety, additional check of the 

vehicle is requested in the form of an E-ticket. Every 

vehicle would receive from the bus station in order to 

confirm that the arrival of that vehicle is expected at that 

station. 

The e-ticket is sent to each vehicle via GSM (WiFi) 

technology and represents a series of randomly generated 

bytes of length N. The vehicle would be equipped with 

radio module and a small device that should have visible 

IR transmitter in order to establish IR communication. 

The ramp there would be an IR receiver and a radio 

module. To define communication more closely, the 

authors have developed own protocol, shown in Fig. 1. 

The use of radio communications that emits signal to 

the vehicle and IR communication through which the 

vehicle responds to the radio message would solve the 

problem of ramp awareness that the vehicle is in front 

and would dismiss the potential error of entering the 

vehicle without the right of entry.  

The case in which the ramp starts to communicate via 

IR would lead to the problem of the best position of the 

IR receiver on the vehicle and the vehicle position itself. 

When the vehicle starts IR communication, potential 

disturbance in optical visibility decreases (we would use 

a solution as we see in the remote TVs). 

 

 
Figure 1. Communication protocol for vehicle entering 
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V. IMPLEMENTATION OF THE PROPOSED IOT 

SOLUTION 

In this chapter provides an example of the application 

of the proposed IoT solution for control of the entry and 

routing of the vehicle at the bus station. 

We need to provide communication over the Internet 

for the vehicle and the bus station, in order to automate 

and ensure the implementation of the IoT concept. Buses 

and bus stations are often equipped with WiFi networks 

that have access to the Internet, so there are conditions for 

integrating the proposed solution. In our case, the vehicle 

is equipped with a GSM module that provides 

communication, while the bus station uses a local WiFi 

network. Vehicle and bus station are exchanging data 

with server, which provides E-tickets to the bus station 

for a particular vehicle as well as monitoring important 

data from the bus station and the vehicles. 

An architecture was developed to show the feasibility 

of the described solution. The device in the vehicle was 

developed using the ATMega328 microcontroller to 

which the IR emitter (IR diode), the radio receiver 

(433MHz) and the GSM module were added. With these 

modules, communication with the ramp is provided and 

the information is collected and sent to the server. 

At the bus station, there would be an ATMega2560 

microcontroller for ramp control, with an IR transmitter 

(433MHz) and a WiFi module connected to it. In this 

way, we provide communication with the vehicle and 

with the server, or we can provide communication with 

bus station gateway. With this hardware, it is possible to 

check the proposed solution.  

For testing purposes, a service that collects data and 

generates an E-ticket is implemented. 

The parts of the system shows on Fig. 2, such as: 

o Vehicle (1): the vehicle is equipped with a 

device with an IR diode (2) for sending vehicle 

data and an E-ticket, an RF receiver through 

which it receives the information on which 

station it is located, and its own GSM module 

through which Internet access is enabled. 

o IR emitter (2): the position of the IR emitter is in 

the front of the vehicle, to allow optical visibility 

with an IR receiver (5) on the ramp. 

o Sensor for detecting vehicles approaching (3). 

o Sensor which detects the presence of a vehicle in 

front of the ramp (4). 

o IR receiver (5) is located on the ramp itself, to 

allow optical visibility with the IR emitter (2) on 

the vehicle. 

o The ramp (6) is equipped with a radio 

transmitter and sends information to the 

approaching vehicle. The information relates to 

the ramp on which the vehicle is located. The 

ramp receives information from the vehicle via 

IR photo-diodes. Communication with the 

gateway (server) is realized via the WiFi 

network. Gateway is connected to a server that is 

available over the Internet. After checking with 

the server whether the vehicle is allowed the 

entrance, the ramp opens the gate, and prints a 

message to which platform the vehicle should 

go. 

o The server (7) collects information about 

platform occupancy, access rights and other 

essential data and is available over the Internet.  

o Gateway (WiFi) (8) serves to collect information 

from the sensors and to communicate with the 

server. The bus station is equipped with its 

wireless network through which it is possible to 

communicate. 

o Platforms (9) are equipped with sensors that 

serve to provide information about the 

occupation of the site or platform, and these data 

send to a gateway or server for processing. 

Components 1 and 2 are related to the vehicle, while 

components 3-7 are related to entering the bus station and 

describe the first part of the problem, 7-8 are the 

components that describe the second part of the problem. 

The E-ticket is generated on the server and is sent to the 

vehicle via the GSM network, and when entering the 

vehicle, the E-ticket sent by the vehicle is controlled, as 

well as the previously registered registration plates 

representing the vehicle identifier. In terms of the 

hardware required for the implementation of this solution, 

we used: 

o on vehicle (microcontroller, IR transmitter, RF 

receiver, GSM module for communication) 

o for ramp and platform on bus station 

(microcontroller, IR transmitter, RF emitter, 

display, WiFI module for communication, 

multiple sensors for distance) 
 

 
Figure 2. Architecture of proposed IoT solution. 
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The practical implementation of the vehicle is shown 

in Fig. 3-5. All modules and communications were 

implemented on the vehicle to check the proposed 

solution. The Fig. 3 shows vehicle simulator. 

The vehicle simulator is equipped with a GSM module 

through which it receives an E-ticket. The station 

implementation is shown in Fig. 4, where no sensors for 

detection of free platforms are shown, and the detection 

principle is displayed at the station's own reception, while 

other sensors and modules are implemented. Raising the 

ramp is represented with a yellow diode which when 

glows represents a raised ramp. The station is equipped 

with a WiFi network on which the ramp is connected via 

WiFi modules. The initial state is: displayed station name 

and diode off (Fig. 4). When the vehicle check is 

performed successfully, the diode is turned on, the 

registration plate of the vehicle and the platform to which 

vehicle should go is printed as in Fig. 5. 

 

 

 
Figure 3. Vehicle simulator. 

 
Figure 4. Simulation of smart ramp. 

 
Figure 5. Vehicle entry check 

 

VI. CONCLUSION 

The aim of the work was to show one solution for 

automating the entry and routing of vehicles at the bus 

station through the IoT concept using simple components 

which prices are not high. The paper showed, through a 

practical example, that it is possible to achieve the 

proposed solutions. In order to optimize the space on the 

development boards, fewer distances were used in the 

example, but the range of communication modules was 

tested at larger distances and the results described in the 

theoretical part of the work were achieved. In this way, a 

centralized system is developed that defines the access 

rights to the bus station and automation of raising the 

ramp, thus illustrating one of the applications of IoT. 

Further development could be in the collection of 

information from multiple vehicles and their integration. 

Also, improvement could be achieved through the 

gateway and streaming processing of data obtained from 

a vehicle or bus station. Finally, it is possible to improve 

solution in terms of communication and reception of the 

E-tickets (reception via BT from the mobile phone of the 

driver or manual entry of the E-ticket). 
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