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 This paper proposed the prototype of smart car parking powered  
by photovoltaic. There is probability that cars will hit the wall or car out from 

the parking lot. The main objectives of this research are to determine the 
power rating and sizing of PV panel suitable for smart car parking system 
and design an ultrasonic parking sensor circuit to alert any obstacle while 
parking and development the prototype of smart car parking using PV. Smart 
car parking consists of distance sensors, LED, Arduino UNO potentiometer, 
resistors, and Node MCU. Where, Arduino UNO as a microcontroller was 
coding to receive the signal from the sensor and transmit signal to LED  
to display the car distance condition. To measure the distance between sensor 
positions to a car, HC-SR04 ultrasonic distance sensor is used. Whenever a 

car come near to the sensor within range specified, the red, yellow or green 
LED will light up and send the condition happening to the smartphone 
application. The application build-up can display the real situation and the 
PV system can supply enough electricity to the smart car parking.  
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1. INTRODUCTION 

Nowadays, for comfort and safety driving, the current Driver Assistance System (DAS) was 

designed. The most used DAS is the smart parking system to detect surrounding car by using sensors [1].  

The fast increment in the volume of vehicles in big cities has bring together the need for public parking 

spaces and increasing lighting to brighten the parking lot need renewable energy to cover the supply [2]. 

Photovoltaic is likely to evolve as the electrical energy source to the third generation of high-efficiency  

thin-film technology [3]. The ultrasonic sensor was needed to detect the distance between the car to barrier  
behind the car [4].  

In [5] author write photovoltaic(PV) panels that use solar energy are used in lots of domestic and 

commercial houses, such as public parking garages, commercial centers, hypermarkets, and sub-urban 

apartments. In [6] author writes if photovoltaic technology is merged into design in building, it should 

consider the PV system technology. Identically, some other aspects, such as architectural aesthetics and ease 

of use of the building should be considered as well. In [7] proposes an efficient and robust maximum power 

point tracking based charge controller, a design and implementation of a low cost, suited for stand-alone or 

backup PV applications. At present, building integrated photovoltaic system can be divided into two classes; 

roof structure photovoltaic system and wall structure photovoltaic system [5].  

In case of electrical damage or fault, the place became dark because of no electric supply. The driver 

was difficult to park cars because the loss of sign and the cars will hit the wall. Beside that drivers fail to 
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detect the presence of obstacle behind the car. These conditions lead to driver easier to hit something behind 

the car. In [8] proposed the system that can avoid all the obstacles and cars on the road from time to time. 

Input data management unit was designed as a control unit for input data sensors of input and output control. 

Furthermore, the common alarm system is not efficient. Lastly, the driver unable to determine the distance 

between the car and an obstacle behind it. In [9] proposes a simple way of smart parking system. It monitors 

cars and incorrect parking by taking a signal from Ultrasonic sensors in a Moving Arduino. Then, the 

Moving Arduino analyse the signal to be converted to code, sending it by using a wireless radio frequency to 

the Fixed Arduino. In [10] use image processing methods to control the entrance of a smart parking by 
recognize car plate by step : preprocessing, License plate detection, character extraction and recognition.  

Recently, the Internet of Things (IoT) became an emerging technology. One of the most significant 

current research discussion topics on the IoT is about the smart car parking. In [11] reveals a work-in 

progress to capitalize on private land properties for parking, in order to relieve stress on public agencies, 

create new sources of revenue, and enlist new entities in the intermediary market. The (IoT) paradigm 

expands the scope of cloud-based intelligent car parking services in smart cities, with novel applications that 

better regulate car-parking related traffic. In [12] designing the system and identifies the existing hardware 

and software automotive infrastructure that the robot first aid system car functionally use. A preliminary 

framework for the system’s internet of things infrastructure is established to facilitate the development of a 

smart robot. In [13] design, analyze and implement “IoT based sensor enabled car parking system”,  

this enables the user to pre reserve parking slot from remote place with the help of mobile application [14]. 

proposes a smart car parking system that will assist users to solve the issue of finding a parking space and to 
minimize the time spent in searching for the nearest available car park.  

This paper proposed the prototype of smart car parking powered by photovoltaic. This study 

determines the power rating and sizing of PV panel suitable for smart car parking system and design an 

ultrasonic parking sensor circuit to alert any obstacle while parking and develop the prototype of smart car 

parking using PV.  

 

 

2. RESEARCH METHOD 

2.1.   Standalone Photovoltaic System 

Stand-alone PV system is designed to be operated independently, outside from the electric utility 

grid. It is designed and sized in order to supply a certain DC or AC electrical loads [15]. These types of 
system powered by a PV array only. A direct-couple system is the simple type of stand-alone system.  

The module DC output is connected directly to load which is also a DC. As there is no batteries in this 

system, the load can only be operated within hours of sunlight. Because of this reason, direct-couple system 

designs are suitable only for applications such as water pumps, ventilation fans, and small circulation pump 

for water heating system or solar thermal [14].  

The simplest stand-alone system comprises of a module that supplies load directly, a battery charger 

controller, DC load and inverter for AC load. Figure 1 shows the stand-alone PV system configuration. When 

loads are being added, it is the task of the charge regulator to protect the battery from over-discharge. If one 

needs to power an AC appliances, inverter is needed so that the DC voltage can be converted to AC at  

50Hz, 230V [16].  

 
 

 
 

Figure 1. Standalone photovoltaic power system with battery 
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Whenever over-charge happens, the rise in voltage will control the charging by series regulation or 

shunt regulation. Shunt regulator is used in small scale PV system as well as hybrid wind-PV system.  

It works by dissipating the additional energy generated to a dump load [17]. A simple shunt regulator circuit 

is shown in Figure 2. Batteries act as a central reservoir into which electricity is placed and removed. 

Batteries will store electricity so that it can deliver the power over an extended time period. Furthermore, 

batteries provide the ability to send large amounts of current for a short time periods. Battery is a device that 

changes the chemical energy into electrical energy by putting the certain chemicals for each contact in  

specific way [18].  

 

 

 
 

Figure 2. Shunt regulator circuit [17] 

 

 

2.2   Sizing of PV System Component  
In this project, there are formulas used to obtain the appropriate value. One of the formulas to be 

used is the formula for obtaining the value of voltages required by the solar panel. Next, the formula for 

obtaining the battery value to be used in this project. Besides, this project should use the formula to obtain 

value of energy use per day. Additionally, the number of solar modules required need to be calculated to get 

enough solar modules. The required power rate for a relatively small solar system is usually calculated in 

watts unit over kilowatts [19]. Determining the value of daily power requirement is the same as the value of 

the required power load and the period of use or operation of the load in a day. (1) is the formula for 

calculating daily power requirement.  

 

𝑊 ×  ℎ =  𝑊ℎ (1) 
 

Where W is the power for load, h is the time of use and Wh is daily load requirements. This project uses 6 

Led light with 2 volts for each one with total operation current of 1.12 A. Assuming it operates for 120 

seconds each day, the daily power requirement based on (1) is 0.04 Wh. The battery is chosen  

according to (2).  

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑠𝑖𝑧𝑒 𝑖𝑛 𝐴𝐻 =
𝑡𝑜𝑡𝑎𝑙

𝑤ℎ

𝑑𝑎𝑦

0.85 ×0.5 ×𝑉𝑏𝑎𝑡𝑡
 × 𝑑𝑎𝑦 (2) 

 

As there is no battery as rated in the market, thus minimum battery chosen is 1.2 Ah. The PV cell 
required value is calculated as Watts / 4 hours of sunshine per day and that will be the panel size which is 

0.16 W. Again, for the same reason, 1 W solar panel size is used in the project [20].  

 

2.3.   Designing the Smart Car Park 

The smart car park component consists of ultrasonic sensor, LED, buzzer, MSU node and Arduino 

UNO. This is shown as in Figure 3. Car parking sensor, HC-SR04 ultrasonic distance sensor is used to 

measure the distance from a sensor position to a car [21]. Node MCU act as microcontroller to controls the 

overall parking system by communicating with the server [22]. Car moves along the path and identifies the 

obstacles around it through the ultrasonic sensor. The driver able to know the blocks it belongs to and to 

classify the vehicles around it into three types at the same time [23]. Arduino UNO store the data and sent 

data to MCU node then the data direct to database [24]. Figure 4 illustrates the process in detail.  
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Figure 3. Ultrasonic parking sensor circuit 

 

Figure 4. Process flowchart of ultrasonic sensor with 

D = Distance 

 
 

Smart parking system has a processing unit that processes the data od distance between car and wall 

and shows the parking distance to the driver [25]. When the car approaches sensor and gets in range will light 

up red, yellow or green LED depending on distance readings. The algorithm is very simple; read the value of 

the variable resistor and translate it into centimeters, check deviation and read distance from the ultrasonic 

sensor, and check whether current distance in a range and turn on corresponding led when needed. Following 

that, it will repeat the procedure.  

 

 

3. RESULTS AND ANALYSIS 

Figure 5(a) show voltage battery value is almost 12v by using multimeter. Shows that system solar 
panel is working. It is because the battery get voltage from solar panel and the battery always charging. 

While in Figure 5(b) show voltage value of output from charge controller using multimeter. The voltage of 

output was 12v because the solar panel and battery supply 12v to output. When the output get 12v it means 

the solar panel system it function from panel solar to battery and supply to output by using charge controller. 

This project is programmed based on conditions as summarised in Table 1. If the distance between 

the car and the wall is in the range of 25cm and 30cm, the green 1 LED will ON. This shows safe condition 

of the car. If the distance between the car and the wall is in the range of 20cm and 25cm, the green 2 LED 

will ON. This still shows safe condition of the car. But if the distance between the car and the wall is in the 

range of 15cm and 20cm, the yellow 1 LED will ON. This means the driver needs to beware when to stop the 

car. If the distance between the car and the wall is in the range of 10cm and 15cm, the yellow 2 LED will 

ON. The driver is now must be in alert condition. If the distance between the car and the wall is in the range 

of 5cm and 10cm, the red 1 LED will ON. Again it is not in the safe condition and driver must be extra 
careful not to go further. The last condition in when the red 2 LED turn ON. This is met when the distance is 

less than 5 cm. Figure 6 shows the screenshot of notification in the handphone application during the process.  
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(a) Measurement of battery voltage (b) Measurement of PV output voltage 

 

Figure 5. Output voltage from (a) battery and (b) PV charge controller 

 

 

Table 1. Condition of LED based on Distance 
LED From (cm) To (cm) Condition 

Green 1 ≤ 30 > 25 Safe 

Green 2 < 25 > 20 Still safe 

Yellow 1 < 20 > 15 Beware 

Yellow 2 < 15 > 10 Alert 

Red 1 < 10 > 5 Be careful 

Red 2 < 5 0 Danger 

 

 

  
(a) distance 24 cm, LED green 2 on (b) distance 15 cm, LED yellow 2 on 

 

 
(c) distance 5 cm, LED red 2 on 

 

Figure 6. Notification received in handphone when condition is met (from safe to danger condition) 

 

 

4. CONCLUSION 

This paper has successfully shown a prototype development of smart parking system powered by 

solar PV as its source. The implementation of ultrasonic is great for obstacle or object detector. When using 

LED as an indicator, it is clearly showing the use of it is very good for indicating something for the alert and 

the function of buzzer also shown there are suitable to be an alarm. It will simultaneously reduce the common 

problem like costing of product and power consumption. Node MCU also functions to connect online update 
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about the distance assign by the obstacle applied. This project is practical in daily life to monitoring the 

distance the bumper of the car to the obstacle behind to avoid accident because the rear of the car is the area 

blind to the driver. Thus, must always alert about the current situation happen before crash coming.  
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