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Abstract - The capability to track and monitor a vehicle is very vital in many applications especially in terms of detecting suspicious 
activity within a given vicinity such as in exclusive subdivisions.  Homeowners, as well as security officers in an exclusive 
subdivision, would always prepare a system that can help strengthen the security of their vicinity. Hence, this paper proposed the 
design and implementation of a vehicle tracking system using GPS with web-based monitoring capability. The system provides a 
way for security officers to have a real-time tracking and monitoring of vehicles within the given vicinity.  The system continuously 
monitors a moving vehicle and the route patterns are saved, which may be used for future reference if needed. The system was 
evaluated based on its functionality, reliability, usability, efficiency, maintainability, and portability. Overall, the results indicate 
the feasibility and effectivity of the system for this specific application. 
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I. INTRODUCTION 
 

Vehicle tracking and monitoring systems are generally 
used by administrators for management functions such as 
routing, dispatch, security, on-board information monitoring 
or even monitoring driving behavior [1]. In some cases, such 
system is utilized as a theft prevention and retrieval device 
[2]. For example, a security officer can simply follow the 
emitted signal by the tracking device and locate the vehicle. 
Nowadays, with the rampant suspicious happenings within a 
given vicinity, security is at most important. For instance, in 
an exclusive subdivision, homeowners, as well as security 
officers, would always prepare a system that can help 
strengthen the security of their vicinity. 

This project involves the development of a system 
capable of maintaining vicinity invulnerability through a 
vehicle monitoring and tracking system using GPS 
technology with a web-based application. The project spans 
for one year from inception up to evaluation. This work is 
conducted in a private residential village in the Philippines, 
residing in the City of Biñan, in the province of Laguna. 
Thus, village security officers, homeowners' association, 
homeowners and village visitors are involved in the entire 
research project. 

The project utilizes a tracking device that transmits its 
data location. Hence, real-time monitoring is possible. 
Furthermore, the system saves vehicle routes and generate 
patterns which can be analyzed and utilized as security 
reference. Thus, this study is essential for security 
enhancement, vehicle monitoring, and continuous 
improvement of the vicinity. 

For the system testing and evaluation, a total of 150 
respondents are asked to evaluate using the ISO 9126. The 
respondents are composed of 6 security officers, 13 
association officers and 131 homeowners which answered a 

set of questionnaires to evaluate the quality of the system. 
ISO 9126 a quality model based on international standard 
and used as the main tool to evaluate the different type of 
software across the world. It is used to assess the quality of 
the system utilized by developers [3]. 

The paper is organized as follows: Section: 2 introduces 
Related Technologies while section 3 is System 
Development. System Output is presented in section 4 & 5 
is system evaluation. The conclusion is presented in section 
VI. 
 

II. RELATED TECHNOLOGIES 
 
A. Vehicle Tracking Technology 
 

Vehicle tracking system became important these days, it 
allows the user to track the vehicle and observe its 
movements. It also grants the user to review movements and 
past activities done by the vehicle. Thus, the system proved 
that it ensures the security of the vehicle [4]. Tracking 
devices are essential in a vehicle tracking system, which is 
utilized in determining the location of the vehicle through 
the use of Global Positioning System. Tracking Device can 
easily calculate and retrieve the current location the vehicle 
accurately. Details like vehicle locations, speed, and 
location traveled can be monitored with the use of digital 
mapping [5]. 

GPS and GSM based system is considered the most 
important system that integrates both GPS and GSM 
technologies which is necessary for various applications and 
wide usage of many people around the world [6]. In [7], it 
presents the use of an embedded system in tracking the 
vehicle positioning using GPS and GSM which uses a 
microcontroller that sends the current position of the 
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vehicle, incorporating both technologies are used in creating 
a tracking device.  

In [2], vehicle tracking provides extra security for the 
vehicles by incorporating a locking system, wherein once a 
vehicle is identified as stolen, the owner can remotely 
prevent the vehicle from moving by sending an SMS 
message to the device and it slowly stop and locked its 
doors. The location of the vehicle will be tracked and 
identified. While, the study conducted by [7] also improves 
vehicle security, when the vehicle is flagged as stolen, the 
user can send an SMS to the device, wherein the device will 
send its GPS data in terms of longitude and latitude back to 
the user. The system can provide real-time vehicle tracking 
by continuously sending GPS data to its user. 
 
B. Vehicle Monitoring Technology 
 

Vehicle monitoring system is a high technology system 
that includes geographical information system (GIS), global 
positioning system (GPS) and modern communications 
technology. Its main aim is to monitor and deploy accurate 
vehicles position with communication and digital maps [8]. 
In [9], the study shows the importance in monitoring vehicle 
and enforce weight limits for road vehicle in all aspects of 
transportation and pavement engineering. The integration of 
vehicle load monitoring systems with wireless sensors 

network (WSN) into the vehicle can determine the weight 
loaded to vehicle together with the exact location where the 
load will be transferred to.  

One way to monitor vehicle is through the use of Web 
GIS and GPS. Vehicle logistics and multipath planning can 
be seen with the aid of the Internet of Things [10]. Another 
method of monitoring is through the aid of positioning 
systems, combined with inexpensive communication 
technologies, with real-time applications that monitor 
vehicles and support decision making. Using the aid of geo-
reference unstructured text information available on the 
internet, monitoring can be done easily [11].  
 

III. SYSTEM DEVELOPMENT 
 
A. System Architecture 
 

Figure 1 presents the system architecture for vehicle 
tracking and monitoring system. The system process starts 
upon getting data from the visitor using its license. The 
visitor will be assigned with a tracking device based on its 
requested visit. The tracking device will continuously send 
data into the cloud storage and reflected by monitoring 
system using the Google Map API. Using the computer, 
movements inside the vicinity can be tracked and monitored.  

 

 
Figure 1. System Architecture 
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B. Software and Hardware Requirements 
 

Tables I and II show the software and hardware 
requirements used in the full development of the system. 

TABLE I. SOFTWARE REQUIREMENTS 
Requirement / Item Version Licenses 

Arduino IDE 1.8.4 or Newer Open Source Software 

Apache Server 2.0.0 
Apache Software 

Foundation 

PHP 7.0.0 or Newer 
PHP License 3.0 PHP Group

Open Source License 
MySQL Community 

Server 
5.7.19 

 
Oracle MySQL open source 
software under GPL License

TABLE II. HARDWARE REQUIREMENTS 
Requirement / Item Version Licenses 

Arduino Uno 
 

R3 
 

Open Source Hardware 
by Creative Commons 

GSM + GPRS + GPS 
Shield 

NA 
 

Open Source Hardware 
by Creative Commons 

SIM808 with 
Leonardo Mainboard 

NA 
 

Open Source Hardware 
by Creative Commons 

PKCELL LP 3.7 
2000mah Battery 

NA 
 

No license 

Local mobile sim 
card 

NA No license 

Desktop Computer 
Windows XP or 

Higher with latest 
Browser version 

Microsoft License 

 
C. Data Requirements 

C1. Interview: An interview was conducted to gather essential 
information from the respondents. A guide was prepared to 
serve as a guiding principle in asking relevant questions during 
an interview. A formal letter of request to conduct an interview 
was sent to the person involved with the study to have an in-

depth understanding of the current business process. Security 
procedures and policies were given. Respondents also provided 
a vicinity map, population and the total size of the vicinity. 
Issues and problems regarding vehicle security are discussed 
during the interview.  

C2. Survey: A survey was also conducted to explore the 
respondent's point of view and insights with respect to the 
proposed project. Thus, fifty (50) respondents were asked to 
answer ten (10) close-ended questions pertaining to the current 
problems and procedures. Questions composed of statements 
regarding the system and answered using Likert's scale. 
Respondents chose from Highly Acceptable, Acceptable, 
Moderately Acceptable, Slightly Acceptable, and Not 
Acceptable which points ranges from 5.00 to 1.00. 

C3. Observation: The study observed how monitoring of 
vehicle that goes in and out at in the vicinity. For the accuracy 
and reliability of output that will be integrated into the system, 
the researcher went to different subdivision within the area to 
compare how monitoring of vehicle took place. The 
observation found out that there are different policy and 
procedure that govern from a different subdivision. 

D. Context Flow of the System 

Figure 2 shows the context flow of the system. Four entities 
Security, Visitor, Device and the homeowners’ officers in the 
project each provides IPOs for the system execution. Security 
provides entry and issue of a device for the visitors and the 
system will provide vicinity monitoring. Visitor requests entry 
into the system and gains access inside the vicinity. The device 
transmits the current location into the system and movements 
monitored by the system. The Homeowners officers will be the 
admin of the system has access to user accounts and gets 
reports from the system.  

 

 
Figure 2. Context flow of vehicle tracking and monitoring system 
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IV. SYSTEM OUTPUT 
 
A. GPS Monitoring System 
 

The research developed a web-based vehicle monitoring 
system. The system monitors movements using a tracking 
device which sends GPS data. The data sent will be 
presented using the Google Map.  

Figure 3 shows the information registration page for 
incoming visitors. This page contains the visitors' 
information like driver's license number, name, expiration 
date, vehicle model and plate number. The device is also 
selected and so as the homeowner to be visited. A route is 
assigned in the device based on the given address by the 
selected homeowner. 

 

 
Figure 3. Visitor Registration Page 

 

Figure 4 presents the dashboard of the system. In this 
page, transactions are created, and vehicle movements are 
monitored through the Google Map. After creating a 
transaction and registration of visitor, a route is generated 
based on the homeowners’ registered address. The red car 
(visitor) represents the current position of the device while 
the line shows the correct route.  

 

 
Figure 4. Dashboard Page 

 
After creating a transaction, the tracking device 

continuously sends data of its current location. Any 
movements of the visitor inside the vicinity are sent and will 
be visible inside the google map (see Figure 5). It shows the 
assigned route and the movements made the visitor inside 
the vicinity. The system can check and monitor if the visitor 
is going in a different direction by comparing the assigned 
route. Any diversions or suspicious movements by the will 
be marked by the system. 

 

 
Figure 5. Google Map Route Screen 
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Figure 6 shows every homeowner registered inside the 
system. Information is gathered like two authorized names, 
mobile numbers, phone numbers, and complete address. 

Routes are also assigned based on the location of the 
homeowners’ address. 

 

 
Figure 6. Homeowner List Page 

 
Figure 7 lists all the transactions which are done. This 

shows the visitors details like license number, name, vehicle 
type, plate number, address, and its assigned device during 
the transaction. The system also records its date & time 

entered and exit. Duration of the transaction is also 
computed and saved. In this page, the route of the previous 
transactions can also be accessed and reviewed.  

 

 
Figure 7. Transaction List Page. 

 
B. Tracking Device 
 

The project assembled a tracking device which can 
transmit data continuously to provide its current location. It 
is used to track the visitors’ movements inside the vicinity 
and presented using the web-based monitoring system. 

Figure 8 shows the actual device used in testing the 
project. It consists of different hardware such as a 
microcontroller, screen, GPRS, GSM, GPS shield, battery, 
and SIM card board.  
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Figure 8. Tracking Device 

 
V. SYSTEM EVALUATION 

 
For the system testing and evaluation, a total of 150 

respondents are asked to evaluate using the ISO 9126. The 
respondents are composed of 6 security officers, 13 
association officers and 131 homeowners which answered a 
set of questionnaires to evaluate the quality of the system. 
ISO 9126 a quality model based on international standard 
and used as the main tool to evaluate the different type of 
software across the world. It is used to assess the quality of 
the system utilized by developers [3]. Description of each 
criterion is depicted in Table 3 below. 
 

TABLE III. ISO 9126 CHARACTERISTICS AND SUB-
CHARACTERISTICS 

Characteristic Sub-characteristic 

Functionality 

Suitability 
Accurateness 

Interoperability 
Security 

Reliability 
Maturity 

Fault tolerance 
Recoverability 

Usability 

Understandability 
Learnability 
Operability 

Attractiveness 

Efficiency 
Time Behavior 

Resource Utilisation 

Maintainability 
Analyzability 
Changeability 

 

TABLE IV. OVERALL MEAN OF SYSTEM EVALUATION RESULT 

Indicators 
Overall 
Mean 

Descriptive 
Meaning 

FUNCTIONALITY 4.46 Agree 

RELIABILITY 4.34 Agree 

USABILITY 4.42 Agree 

EFFICIENCY 4.38 Agree 

MAINTAINABILITY 4.42 Agree 

PORTABILITY 4.53 Strongly Agree 

Overall Mean 4.42 Agree 
 

Table IV presents the tabular summary of the ISO 9126 
Software evaluation results. It shows that among the six 
main characteristics, portability obtained the highest 
weighted which is 4.53 with a verbal interpretation of 
STRONGLY AGREE. This simply denotes that the 
software evaluation respondents strongly agreed that the 
system can be easily installed and transferred from different 
platforms with all its features and design. 

On the other hand, the five (5) other main characteristics 
namely: functionality, reliability, usability, efficiency, and 
maintainability obtained a descriptive meaning of AGREE 
having a weighted mean of 4.46, 4.34, 4.42, 4.38 and 4.42 
respectively. This means that the respondents agreed that the 
system has good functionality, reliability, usability, 
efficiency, and maintainability. 

In general, the system obtained an overall mean of 4.42 
which is interpreted as AGREE. This signifies that the 
respondents agreed that the system was able to meet and 
conform to the standards set ISO 9126 Software 
International Quality Standards. 
 

VI. CONCLUSION 
 

The study shows that creating a vehicle tracking and 
monitoring system brought a significant improvement in 
terms of security services in the vicinity. Implementation of 
the system revealed that monitoring vehicular activities 
inside the vicinity improved security by recording each 
transaction and movements of the visitor. 

Evaluation results show that the system will be feasible 
and effective to be used in the area. Overall mean score 
results show that the system can provide improvements 
needed in the area in terms of security. 
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