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Abstract- This paper demonstrates a way to establish automation friendly smart parking systems in already existing 

parking lots by installing on field sensors. It also focuses upon utilizing this data collected from these sensors, as well as any 

historical data available in order to analyse and forecast parking behaviour. This result of the forecasting can then be refined 

and presented to the user via a smart phone application. The application will not only allow the user to determine the 

availability at a particular time and location, but will also provide them with the ability to book/reserve a parking slot in 

advance.  

Keywords-smart parking; internet of things; parking guidance and information system; parking reservation system; 

predictive analysis; data analytics; machine learning; smart city  

 

I. INTRODUCTION 
 

Over the past few years, several cities in India have rapidly been advancing towards the nation’s unified vision of a 

smart city. An essential desideratum that is often overlooked, keeping this vision in mind, is the lack of a convenient parking 

system that can save a whole lot of time and effort, while also reducing the fuel consumption. The proposed system, a real-

life automated and prognostic parking solution, collects different lot occupancy data such as parking lot occupancy, peak 

parking Hours, frequently used parking slots, and user preferred parking timings and other relevant data using certain on 

ground sensors. This procured data, along with the historical data will then be sent to the back end servers for further 

processing and usage for our application. The objective is to create an intelligent system that provides for a simplistic and 

seamless user experience, by making the data useful to the end users, (primarily, the parking managers and the citizens), just 

through an application on their smart phones. This will allow them to find parking lots easily and park vehicles as simple as 

driving in and walking away or reserving a parking spot in advance. It is not just another simple automation of a real world 

problem, but its scope of scaling raises the bar, as even in a unplanned and scarce parking cities, the user will have the option 

to get their desired parking slot effortlessly. This paper focuses on how we can collect data from these smart parking lots 

and feed this data into a machine learning model that will be trained using this data and will also be utilized in an algorithm 

to efficiently allocate slots to a user. 

  

II. MOTIVATIONS FOR SMART PARKING SYSTEM 
 

The motivation behind the proposed system stems from the need for the following: 

1. Efficient Parking: Currently systems utilise human resources and random parking slots allocation without any quick 

real-time access to available number of slots. Also, there are about four parking slots per vehicle in the United 

States[1]. Most parking lots remain empty most of the time due to unavailability of proper information regarding 

available parking lots, leading to urban environments congested with poorly accommodated vehicles. Using the 

proposed system, users can conveniently find their desired parking spot while saving time, efforts and resources. 

The parking spaces can thus be used efficiently by commercial and private lot owners. 

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 4, APRIL/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/395



 

 

 

 

2. New Avenues for Revenue: Parking lots are currently only known in a local area or limited users. It isn’t globally 

known unless a user isn’t frequently using the parking lot. Smart Parking opens new avenues for lot owners for 

increased revenue by broadcasting their lot to wider range of users. This benefits users as well as parking lot owners 

by helping generate more revenue. For example, lot owners can use a charging scheme that varies depending upon 

the parking time and location. Also, credit/discount programs can be added to encourage repeat users. Moreover, 

since a wider region of users is exposed to this lot, it guarantees flow of customers to the lot. 

3. New Avenues for Revenue: Parking lots are currently only known in a local area or limited users. It isn’t globally 

known unless a user isn’t frequently using the parking lot. Smart Parking opens new avenues for lot owners for 

increased revenue by broadcasting their lot to wider range of users. This benefits users as well as parking lot owners 

by helping generate more revenue. For example, lot owners can use a charging scheme that varies depending upon 

the parking time and location. Also, credit/discount programs can be added to encourage repeat users. Moreover, 

since a wider region of users is exposed to this lot, it guarantees flow of customers to the lot. 

4. New Avenues for Revenue: Parking lots are currently only known in a local area or limited users. It isn’t globally 

known unless a user isn’t frequently using the parking lot. Smart Parking opens new avenues for lot owners for 

increased revenue by broadcasting their lot to wider range of users. This benefits users as well as parking lot owners 

by helping generate more revenue. For example, lot owners can use a charging scheme that varies depending upon 

the parking time and location. Also, credit/discount programs can be added to encourage repeat users. Moreover, 

since a wider region of users is exposed to this lot, it guarantees flow of customers to the lot. 

5. Decreased Management Costs: There isn’t good resource utilisation in currently implemented systems. More 

automation and less manual activity saves on labour cost and resource exhaustion. 

 

III. RELATED WORK 
 

There have been several smart parking solutions proposed, based on different technologies such as radio frequency 

identification (RFID), bluetooth, wireless mesh networks, image processing, etc. Among these, a RFID-based smart parking 

application is proposed [2], implements automated check-in and check-out process of the vehicle from parking lot area by 

using RFID reader. RFID readers require installation of RFID tags by users. There is increased overhead of new users 

entering the system. Hence, such a solution was discarded. A system based on wireless mesh network of sensors has been 

proposed [3]. The proposed system deploys a sensor at each parking lot to detect and monitor the status of each parking lot. 

The detected status of various parking lots is periodically reported to a database via WSN gateway deployed at the parking 

field. Other systems proposed [4] to integrate Wireless Mesh Networks of Sensors and RFID technology. It was inferred 

from these systems that a wireless mesh of sensors connected to a local communication hub was an efficient solution. There 

also is an automated parking system proposed, that uses Bluetooth technology as a means of communication [5]. But it was 

inferred that bluetooth technology was not an economical solution for the use cases that this paper tries to address. There 

is an ultrasonic sensor node based parking system proposed[6], that provides various functionalities such as vacant parking 

space detection, detection of improper parking, display of available parking spaces, payment facilities etc. It was inferred that 

ultrasonic sensors could be an economical and efficient hardware for slot detection sensors. An intelligent parking guidance 

and information system that uses image processing to detect free parking slot and provides SMS based reservation service 

to the driver is proposed [7]. Image processing requires camera installation, lots of computing power and optimal lots with 

proper angles for wider range coverage through camera installations. This all increased overhead for access or easy 

transformation to smart parking lots. 

 

A smart car parking system based on efficient resource allocation, reservation and pricing is proposed [8]. This 

system attempts to provide guaranteed parking reservations with lower cost and smaller searching time for the drivers 

whereas higher revenues and resource utilization for the managers of the parking area. An energy efficient automated car 

parking system that allocates some free parking slot nearest to entrance of the parking area in order to save parking time as 

well as to utilize parking space efficiently, has been proposed[9].  

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 4, APRIL/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/396



 

 

 

The proposed system saves energy by switching the lights on only when some car is in motion within the parking 

area. A neural network based idea is proposed that takes in several different parameters, such as time, day, weather etc. in 

order to predict parking availability. These papers gave the motivations for using optimised algorithms for efficient parking 

reservations 

 

IV. PROPOSED ARCHITECTURE 
 

Parking Systems can be divided into Parking Guidance Systems, Parking Information and Parking Reservation 

Systems [10]. Parking Guidance and Information (PGI) systems provide a way for the users to efficiently ease the process 

of parking by locating slots in a parking lot or providing a guided path to a slot using sensors or other digital means. And 

then use the data obtained from sensors to provide users with information regarding current parking availability. PGI system 

consists of 3 main components, parking monitoring, a communications network and a control centre. Sensors for parking 

space can be classified into on road and off road sensors. On road sensors include magnetic sensor, acoustic sensor, 

piezoelectric sensor, loop detector, pneumatic tube and RFID. And off road sensors include ultrasonic sensor, infrared and 

CCTV. From this study, it is observed that each of these sensors has its own limitations such as constraints in installation, 

maintenance, cost etc. The study concludes that IR and Ultrasonic sensors are the most suitable for indoors since they are 

the sensors having minimal limitations. On the other hand, CCTV is recommended for outdoor monitoring. 

PGI systems provide information about vacant slots and may provide routes to these slots but Parking Reservation 

Systems (PRS) on the other hand focus on trying to reserve a vacant slot for a user to park, at later point in time. The system 

tries to guarantee a slot to a user. The system may simply allocate a slot to the user and blocks it till the user comes, parks 

and vacates the slot in the future. PRS system help in reducing traffic congestion, maximise parking resource utilisation and 

minimise the driver’s cost function, or any one of these[10]. 

The proposed system is a prognostic parking system that is a combination of a PGI and PRS systems providing a 

real-world automated and intelligent parking solution. This is in collaboration with the aim to create and provide a 

customized and personalized parking experience to the user/citizen by implementing a system whereby, the process of 

finding a parking slot is completely automated. The user will be able to check for the availability, reserve and book a parking 

slot well in advance. They may also search for all the nearby available parking slots, from their current locations, using only 

their smart phones. 

In the proposed system, parking guidance and parking reservation is all provided using a simple smart phone 

application. The user may open the app on their smart phones, and then look around for the available parking lots. On the 

system side, we will install sensors in the parking lot. These sensors will detect the presence of a vehicle, and will also help 

us determine the number of parking slots available. A map of the parking lot will also be provided within the application 

depicting exactly which slots and are vacant and how are they reachable. This map is updated in real-time. They will also be 

intimated to pay the fare at the end of their parking session, the system will also be able to calculate the fare. This is parking 

guidance and information proposed in the system. Once they find their desired lot, they may select it and if they choose to, 

they may also book a slot well in advance using some online payment methodology. This is parking reservation in the 

proposed system. 

Parking reservation is handled based on the obtained data from the sensors. The data will also be used in order to 

carry out predictive analysis. Predictive analysis will be used to predict the chances of getting the desired parking slot at a 

particular time, well in advance. The system collects the data such as parking lot occupancy, peak parking hours, user 

preferred parking timings etc. The lot occupancy data, will be obtained from the on-field sensor devices and his data will be 

used alongside any available historical data in order to create a robust machine learning based predictive model. The objective 

is to create an intelligent system that provides for a simplistic and seamless user experience, by making the data obtained 

from the aforementioned model useful to the end users, primarily, the parking managers and the citizens), just through an 

application on their smart phones. 
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Fig. 1. System Architecture Block Diagram 

There are different modules of the architecture as mentioned above which are essential and have core importance 

to hold the system together: 

 

A. Smart Parking Lots 

Parking lots will be fitted with on-field sensors to detect the occupancy statistics of the parking lot. There need not 

be any kind of infrastructural remodelling but retrofitting of our sensors in any parking lot can be done easily. The 

existing parking lots can easily be converted into a smart and automated parking where in the user can easily drive in 

and out without any kind of human intervention. This model ensures that the system is capable with more and more 

parking lots being connected to system and creating a network of smart parking lots. 

 

B. Sensors 

We have used to a combination of two sensors as described below. 

1) Ultrasonic Sensor: The HC-SR04 is economical ranging ultrasonic sensor uses the principle of sonar to determine 

distance to an object. It provides efficient and accurate non-contact range detection from 2cm to 400cm and 

stable readings which is very easy to use and an error of up to +3mm or -3mm. It is impervious in operation 

to sunlight or black material like sharp range finders. Although it may be difficult to detect acoustically soft 

materials like cloth. But such materials are not a part of our system and would help in detecting legitimate cars 

and not some bogus objects. 

The HC-SR04 is economical ranging ultrasonic sensor uses the principle of sonar to determine distance to 

an object. It provides efficient and accurate non-contact range detection from 2cm to 400cm and stable 

readings which is very easy to use and an error of up to +3mm or -3mm. It is impervious in operation to 

sunlight or black material like sharp range finders. Although it may be difficult to detect acoustically soft 

materials like cloth. But such materials are not a part of our system and would help in detecting legitimate cars 

and not some bogus objects. 
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Fig. 2. How the Ultrasonic Sensor works? [11] 

 

2) PIR Motion Sensor: PIR sensor can sense motion, whether an object has moved in or out of the sensors range. 

It is small, economical, efficient, easy to use and durable. This sensor is basically made of a pyroelectric sensor 

which can detect levels of infrared radiation. Each object emits some low level radiation. The hotter something 

that, the more radiation is emitted. The sensor in a motion detector is split in two halves. The reason for that 

is that we are looking to detect change in IR levels i.e. motion and not average IR levels. The two halves are 

wired up so that they cancel each other out. If one half sees more or less IR radiation than the other, the output 

will swing high or low. 

The working of the PIR is dependent on the sensor itself having two slots in it, each slot is made of a special 

material that is sensitive to IR. When the sensor is idle, both slots detect the same amount of IR, the ambient 

amount radiated from the room or walls or outdoors. When a warm body like a human or animal passes by, it 

first intercepts one half of the PIR sensor, which causes a positive differential change between the two halves. 

When the warm body leaves the sensing area, the reverse happens, whereby the sensor generates a negative 

differential change. These change pulses are what is detected[12]. 

 
Fig. 3. How the PIR Sensor works? [12] 

 

3) Uses of these sensors in the architecture: Ultrasonic Sensors along with PIR motion detecting sensors for parking 

detection and guidance is proposed. Ultrasonic sensors typically have a range of about 5 meters, and can be 

used to detect whether a slot is vacant or occupied. 

The use of PIR sensors is multipurpose and can be used for determining:  

1. whether a car has already parked and is in the process of parking. 

2. whether a car has parked in its designated lot. 
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C. Nodes - Cluster of Slots 

In the wake of reducing wires and to allow the model to be easily installable in a parking lot of any shape 

and size we are connecting clusters of easily accessible slots to a wireless module. All these clusters of slots will 

become a node within a lot. Finally, all these nodes will communicate in a wireless manner, sending data to the Local 

Area Server Handler. 

 

D. LASH 

The Local Area Server Handler, LASH, collects data from all the nodes in the parking lot and combines it 

to sends it to the cloud server. The Lash exists as a single gateway between each parking lot and the cloud server. 

This ensures hierarchy and scalability. 

 

E. Cloud Server 

The cloud server hosts the database of the system and also houses the processing power house for the 

Machine Learning Algorithms. The user application is connected to the cloud server and this is how the user and 

system is connected. All the data that is collected by the LASH is used for handling the requests of the users as real-

time sensor data is available now on this server, and this massive amount of data collected from numerous LASHs 

are also used to reinforce the trained ML model. This makes our system efficient and increases the accuracy of 

prediction continuously. 

 

F. Data Analytics 

The core of the system that distinguishes it from any pre-existing systems is its ability to predict various 

parking trends and behaviours, giving a personalised experience to the user. 

Several different machine learning models were tested that were already available in order to determine the 

one that best fits the system’s use case. A Simple Linear Regression approach, could directly be discarded as the 

observations made showed lack of multi-collinearity, while having a high level of dependence between the 

independent variables (i.e. Lot, Day and Time) and the dependent variable (i.e. Occupied). Then, a Multiple Linear 

Regression model was used, which yielded better results, confirming the dependence between the variables. 

However, this method returned a Root Mean Square Error of 9, which is considered to be just below par according 

to generic machine learning standards. The accuracy of the multiple linear regression was further refined using the 

k folds cross validation technique, whereby, 10 folds were used in an attempt to improve the accuracy of the machine 

learning model. The accuracy was improved, albeit not substantially, to an RMSE value of 7. 

 

 
Fig. 4. Coefficients Correlation 
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The next model that was taken under consideration was the polynomial regression. In the given use case, 

the independent variables were indicated to not have a polynomial relationship with the dependent variable, resulting 

in the model being discarded from further consideration. 

After multiple comparisons and tests, a model based on Support Vector Regression was found to satisfy 

the desired use case with maximum accuracy. A traditional SVR approach will not suffice based on the fact that the 

dataset under consideration is neither linear nor linearly separable. Thus, a straightforward SVM approach cannot 

be used to obtain the results/predictions. Thus, in order to extend the application of SVM to our use case, the 

concept of the hinge loss function was made use of,  

 

max (0, 1 − ��(���⃗ ∙ �����⃗ − �)) 

 

The resulting model is further refined using k-folds cross validation method. The resulting model returns a 

favourable RMSE value, at 3. The prediction model will be located at the Cloud Server and is integrated with the 

mobile application using APIs that are written for handling the same. 

 

 
Fig. 5. Residuals vs Fitted 

 

G. Mobile Application 

The React Native Framework and Redux Library [13] has been used to develop a cross platform application, 

in order to ensure maximum reachability to the end users. This application is main interface between the user and 

the system and is the only way to interact with the system. The user can view the parking information such as nearby 

parking lots, vacant slots in a parking lot including a real-time map of the same. The application can also help the 

users pay for the service provided by the service provider through the system. It also provides a way for the user to 

reserve slots for a later period in time. It would display a percentage of availability to the user for a given slot at 

particular time in the future helping user choose the best possible slot. 
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V. CONCLUSION 
 

The aim is to design a system that is feasible not just for the users looking for parking resources, but also for the 

parking lot owners, in whose lots the system will be implemented. Therefore, the system caters to or benefits two groups of 

user. When it comes to the user, all they will have to do is open their application and book a slot at a desired time and place 

without having to worry about any of the technical details, just as easily as booking a movie ticket. They not only save time 

but also save fuel as no time will be wasted in search of a parking lot. Parking lot owners are provided with a way of 

connecting their lot in our system so as expand their business. This in turn opens a whole new, future considerate avenue 

for lot owners to increase their revenue. They may choose to enrol for different discount schemes, a tiered payment approach 

based on the location of the lot assigned, etc. 

The primary outcome expected to be satisfied on a successful implementation of the proposed system is to create 

a network of users and lots which will eventually expand, and the data from which, can be collected and used for further 

analysis as well as to obtain region specific data which can further be used to refine the learning algorithm and incorporate 

a robust feedback mechanism, that will not only improve the accuracy of the overall predictions but will also allow the system 

to obtain data regarding different types of users that are present in different regions. This in turn, will allow the system to 

have a user database with a wide coverage, which can then be used to obtain a correlation between the different types of 

users and their parking behaviour. 
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