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ABSTRACT 

Internet of Things (IoT) will bring a paradigm shift in technology that will potentially change the behaviour of things 

in our daily lives. It has been shown by current technology like smart devices, are starting to adopt sensors to enhance 

the experience of the users. This research aims to improve the efficiency of the process of paying for outdoor parking 

and reduce the effort of paying manually at ticketing booth. This research will also discuss samples collected based on 

college students and working adults and their opinions of the system. It is to evaluate the technology exposure and 

knowledge of the user in order to be comfortable with using the system. This research will be contributing to the 

development of smart city by integrating IoT technology into parking system in order to improve the experience and 

future research is needed to enhance the security of the system.  
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1. INTRODUCTION 

Parking payment system behaviour has been 

influenced by the Information Technology on how it 

operates and provide services to its user. With the digital 

payment being on the popular trend, there is no doubt that 

every existing system will be digitalized. [1] However, 

the people in Malaysia are one of the populations that are 

still paying with parking ticket with self-service machine. 

[2] When system is fully digitalized, it will be easier to 

connect things together with the emerging IoT 

technology. The solution proposed in this research does 

not modify the parking behaviour of users, instead it will 

enhance the experience of the overall process of payment 

for parking. Thus, proposed system will be utilizing the 

IoT technology in order to improve current parking 

payment system [16-21]. 

2. RELATED WORKS 

This section reviews past researches in order to come 

up with this topic. Several domains are identified and 

these domains are Internet of Things, Internet of Things 

in Malaysia, Outdoor Parking, Payment and Outdoor 

parking payment.  

 

 

2.1. Internet of Things 

The unique thing about IoT is that it is made with low-

power concept in mind so that the design of the devices 

can be small, reliable and low cost [3]. A notable example 

of achieving the low-power usage is by using the MQTT 

protocol which is a messaging protocol for low 

bandwidth environments. According to [4], experiment 

of size payload to energy consumption has been 

conducted using MQTT protocol which shows that it 

consumes less energy as the payload sizes increase. 

References [5] had recently made a breakthrough on 

enabling IoT systems to operate without batteries that 

instead harvest energy through other sources such as 

radio waves, light sources and vibrations. When low-

power devices become popular, society will be ready to 

embrace the IoT technology. 

2.2. Internet of Things in Malaysia 

Smart meters have been implemented as an 

alternative to traditional electric meters which uses IoT 

technology helps consumers to monitor and regulate 

energy consumption remotely [6] [24-28]. According to 

[6] study, one of the factors that influence consumer’s 

acceptance to smart meter is greatly increased when 

consumers are educated with environmental awareness 

and electricity-saving knowledge. Another recent IoT 

technology RFID tag [22, 23] linked with E-wallet 
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account is also utilized for paying e-toll on toll plaza 

where the sensor can pick up signal from the RFID tag 

placed on windscreen or headlamp of the vehicle [7]. 

From the study by [7], it is discovered that RFID usage 

on tolling and parking is preferred by users as high as 

93% and 91% compared to RFID usage on electronic 

road parking where only 45% of users show willingness. 

2.3. Outdoor Parking 

References [8] stated that vehicle population is 

increasing over the years thus the increase of demand of 

space for parking. From the study, it is discovered that 

development of multi-level parking provides ample space 

for drivers. However, people are having tendency to park 

as close to the destination as possible which encourages 

on-street parking either legally or illegally. References 

[9] stated that curb parking in cities is hard to find due to 

several reasons such as required to pay at meters, 

confusing regulation like permits required, fees charged 

at weekday but not weekend and so on. 

2.4. Payment 

Payment has also come a long way where dealings no 

longer need to be dealt with physical cash anymore. 

References [10] stated that payment has been 

revolutionized and have different methods of payment 

such as online mobile banking, mobile payment using QR 

pay or NFC payment, and mobile money which is linked 

to a mobile phone number. References [10] mentioned 4 

factors, perceived usefulness, perceived ease of use, 

performance expectancy and social influence which 

influence people to lean towards to digital currency as it 

gives them the flexibility in payment methods. 

2.5. Outdoor Parking Payment 

References [11] and References [12] stated that 

method of payment for parking is still utilizing parking 

tickets. Parking payment machine is still used in current 

parking system in order to validate their own parking. 

References [13] found that pricing policy heavily 

influenced the number of vehicles at on-street parking. 

Nanning, an urban city in China has been using on-street 

parking system but struggle to accommodate increasing 

parking demand. It is overcome by the adjustment of 

price policy increase, where people with high income are 

not affected by the price policy change while the low-

income people does not have the tendency to park which 

leads to the decreasing of the vehicles at on-street parking 

so that overall, the people with high income has higher 

satisfaction. 

 

 

 

2.6. Similar System 

This section will discuss the similar systems which 

focus on various design of parking system and parking 

payment. [11, 14, 15] 

2.6.1. System 1 

This system consists of 3 hardware components, 

Raspberry Pi camera, ultrasonic sensor and GPS module 

which are connected to the Raspberry Pi. ultrasonic 

sensor is used for detecting parking slot, Raspberry Pi 

camera is used to support the detection of the sensor by 

identifying the presence of vehicle and GPS module is to 

locate the current location of the parking slot. When 

parking slot is empty, LED indicator will be off and send 

status update to Blynk application and location of the 

parking slot. 

 

Figure 1 Raspberry Pi Based Smart Parking 

Management System Architecture 

2.6.2. System 2 

In this car park system, entry and exit is checked 

using RFID tag to prevent vehicle from re-entering the 

car park. The Android application is connected to cloud 

via Firebase database. When a booking is made, the 

information is stored and updated in real time to Firebase 

and payment is made online. Upon arriving the spot, the 

Raspberry Pi (RPi) will retrieve the information from 

firebase to verify the vehicle and allow for passing 

through the gate. IR and ultrasonic sensors are placed at 

parking slot to check the presence of vehicle. IR sensor is 

also used to check the height of vehicle to prevent it from 

entering car park if it reaches above a certain set value. 

Cost is calculated based on the stored database 

information of entry time and exit time. 
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Figure 2 Cloud-Based Smart Parking System 

2.6.3. System 3 

RPi is implemented to manage the data input and 

output from the cloud database, Firebase. Upon entering, 

users need to scan QR code to access the barrier and timer 

will be logged. Parking spot is automatically provided 

and user can choose to accept or reject the parking slot. 

Ultrasonic sensors are used to detect and change the LED 

light based on the presence of vehicles. The status of 

parking spot is updated to database in real-time whenever 

the LED light changes. Fees are calculated based on timer 

and payment is made through mobile application. 

 

Figure 3 Architecture of the proposed system 

2.6.4. Comparison of Similar Systems 

Table 1 Comparison between Similar Systems 

Criteria/System System 1 

(S1) 

System 2 

(S2) 

System 3 

(S3) 

IoT Sensors / / / 

Notification    

Database/Server / / / 

Real-time 

information 

/ /  

Payment  / / 

 

Based on Table 1, it shows that S2 has most of the 

criteria like IoT sensors, database, real-time information 

and payment while S1 does not have payment and S3 

does not have real-time information. Thus, the proposed 

system will integrate all 5 features like IoT sensors, 

notification, server database, real-time information, and 

also include an automation payment method. 

2.7. Overview of the Proposed System 

In order to use NFC, it must be closed range and 

attach on a unique object that does not require to be 

change often. In the case of vehicle, the object will be the 

car plate. It is also in a perfect position to be read by a 

reader. It is also noted that NFC plate must withstand 

washing and water resistant since vehicles are under 

outdoor environment. In each of the parking spot, it is 

fitted with a reader that is able to detect and read NFC 

devices. These readers are connected to a server to keep 

log information such as time, car plate info and fees 

charged. It can be stored on cloud in order to backup that 

log information. When a car is approaching the parking 

spot, it will not charge immediately. The NFC device and 

NFC-enabled reader will constantly log the information 

and keep track of the time. Users are also able to track the 

status of time through their mobile phone. After a certain 

period of time, the server will send notification to the user 

to indicate the number of hours parked and the 

accumulated fees charged. Since it is in an outdoor 

parking, the following rules of payment must be listed, 

under 15 minutes no fee charges will apply while more 

than 30 minutes’ fee charges apply. In order to address 

the issue where the NFC cannot be read properly, there 

will be sensor indicator to show the user if such problem 

arises. (LED light) On the user-end, user does not have to 

deal with machines anymore and only interact using 

mobile client. After the vehicle is parked, there will be an 

app in mobile phone that receive the logged information 

from the server based on their car plate. The charge can 

also be accumulated and paid later at the end of the 

month. 

 

Figure 4 Process of payment 
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Figure 5 Overview of the system 

3. METHOD 

Judgment sampling is used by carefully choosing the 

respondent that are eligible for the research sample. The 

targeted sample in this research will be college students 

in Malaysia and the sample size taken will be 8 people. 

The chosen respondents must currently pursue in the field 

of IT. This is because they are mostly tech independent 

and the sample will be able to provide reliable data. 

4. DISCUSSION 

Parking meters are becoming obsolete in the public as 

it is time consuming and difficult for the people to use. 

Thus, automated payment will bring a huge impact to the 

design of IoT smart city. The solution proposed will 

improve the payment process to become more efficient 

for the people in the outdoor parking environment and 

reduce the hassle of dealing with machines by using the 

NFC technology for payment. 

5. CONCLUSION 

It has been discussed integration with IoT technology 

might enrich the experience depending on the knowledge 

of the user. Users in these days are heavily dependent on 

smart services such as e-payment, real-time tracking, 

intelligent personal assistant and so on. Therefore, 

existing physical robust systems should be replaced and 

users need to be educated in order to catch up with the 

digital trend in the society. The change in technology and 

methods will definitely advance our country further into 

the vision of smart city. The building of smart city does 

not happen overnight; small steps are taken to change the 

city infrastructure. The current limitation is that sensor 

that are placed in the public may be damaged by weather 

such as rain thus it will require constant maintenance by 

the relevant personnel to ensure it is working in good 

condition. Future works and research should be focusing 

on how to enhance the system with a better security 

protection against NFC eavesdropping. 
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