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Abstract. Smart parking is becoming more and more an integral part of smart city initiatives. Utilizing and managing parking
areas is a challenging task as space is often limited, finding empty spaces are hard and citizens want to park their vehicles close
to their preferred places. This becomes worse in important/posh areas of major metropolitan cities during rush hour. Due to
unavailability of proper parking management system, citizens have to roam around a lot in order to find a suitable parking area.
This leads to the wastage of valuable time, unnecessary fuel consumption and environmental pollution. This paper proposes a
smart parking management system (SPMS) based on multiple criteria based parking space reservation algorithm (MCPR) that
allows the driver/owner of vehicles to find and reserve most appropriate parking space from anywhere at any time. The system
also considers the concept of dynamic pricing strategy for calculating parking charge in order to gain more revenue by the
government agencies as well as private investors. The system employs sensors to calculate concentration index, average inter-
arrival time of vehicles of a parking area for better parking management and planning. The simulation results show that proposed
system reduces the average extra driving required by the users to find a parking area and hence it will reduce traffic congestion,
which in turn reduces air pollution caused by unnecessary driving to find a proper parking area.

Keywords: Smart cities, smart parking, traffic congestion, IoT, sensors, dynamic pricing

1. Introduction

Due to the increase in population in the cities there is a need to utilize available resources in a better way. City
dimensions are increasing day by day throughout the world and 70% of the population will live in cities by 2050
[3]. At the same time the number of registered cars are also increasing due to rural to urban migration of people and
socio-economical growth. In [33] recent studies show that a car is parked 95% of its lifetime and run only for the 5%
on an average in a year. Finding a proper parking space in a major metropolitan area becomes more and more chal-
lenging day by day. The users are forced to park their cars on the roads which hampers the ongoing traffic. In cities
like Nagpur, Pune, Amritsar etc. in India more than 40% of the road network is being used for on-street parking
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[33]. Illegal lane blocking and double parking have several negative impacts, like it further increases traffic conges-
tion in residential areas, increases the risk of accidents for pedestrians and also raises pollution levels [15].Traffic
congestion causes billions of monetary loss to the world economy according to statistics (http://www.transport2012.
org) presented in a study [9]. Car should be parked in a dedicated car parking infrastructure, however the demand
for parking infrastructure will continue to grow as the number of cars in the city is increasing continuously. Hence,
effective use of scarce parking space has gained paramount importance in smart cities [4,10,11,14,24,26].

For better parking management, a proper system is needed which will utilize the available parking resources in
a smart way for fulfilling ever increasing parking demand and assisting the users to find a proper parking space.
Finding a suitable vacant parking space in a major city is a big concern for citizens. The situation becomes worse in
those areas near offices, hospitals and market places in peak hours. Without any information, drivers use so-called
blind search techniques. In blind search technique [38], the drivers keep searching for a vacant parking space within
a certain distance to their destination, as they have no prior parking information. They will stop searching once they
find the vacant parking space otherwise continues to search. This kind of searching is time consuming and results
in more fuel consumption, air pollution and traffic congestion within the city. A better approach is the informed
approach in which parking information is shared with the drivers through smart parking systems where the system
publishes the information regarding space availability of parking areas so that the drivers can decide which parking
area is most suitable. This kind of system faces problem when number of free parking spaces are limited in rush hour
and hence most of the drivers will drive towards these available parking areas. This leads to high traffic congestion
and is termed as “multiple-car-chasing-single-space” phenomena [38].

To overcome the problem of “multiple-car-chasing-single-space”, a buffered parking information sharing sys-
tem(BPIS) [38] is introduced where the system intentionally publishes a lesser number of free parking spaces than
the actual number to keep a buffer. Hence the system has some extra spaces to deal with the situation when many
drivers are looking for these free spaces. But this is not a feasible solution as it is very difficult to determine the
number of buffer spaces [38].

Keeping the loopholes of the above mentioned techniques in mind, this paper develops and implements a smart
parking management system (SPMS). The proposed SPMS incorporates dynamic pricing technique for determin-
ing the cost of parking and it is an important aspect of revenue management [23,30]. The proposed system helps
to reduce traffic congestion while searching parking areas, the operational cost of parking and at the same time
it increases resource (parking area) utilization. The proposed system assists the drivers/users to search and book
a suitable parking area based on users’ preferences seamlessly. The user has to pay a certain amount for parking
his/her vehicle. Dynamic pricing is a technique which adjusts the price of the product with respect to time according
to the demand and supply of the product for more revenue [30]. As compared to fixed pricing scheme, dynamic
pricing technique [8] generates more revenue as it will adjust the price of parking slot in a parking area time to
time as per demand of parking and availability of the spaces. The owner of these parking areas may be government
or private agencies. The proposed system also does the parking surveys by using ultrasonic sensors to track down
concentration index, average inter-arrival time of vehicles for efficient management and planning of parking ar-
eas. The proposed system relies on IoT and ambient intelligence which can be used for better management of public
resources and enhances the quality of services provided to the citizens [7,40]. IoT is a new computing and communi-
cation paradigm in which the objects of everyday life are equipped with sensors, micro-controllers and transceivers
to sense the surrounding environmental parameters and communicate the sensed data with one another or user and
it becomes an integral part of the Internet system [1,5,16]. Ambient intelligence is a multi-disciplinary approach
that brings intelligence to our surrounding environment and makes the environment sensitive and responsive to the
citizens [12].

The remainder of the paper is organized as follows. Section 2 presents related literature of parking management
system. In Section 3, detailed description of the system design of smart parking management system is given.
Improved MCPR algorithm is discussed in Section 4. Implementation and evaluation of the system are discussed in
Section 5. Finally, the paper is concluded in Section 6.
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2. Related work

Car parking problems associated with the growing urbanization have gained considerable attention over the past
two decades. Most of the existing researches have focused in the proper reservation of the parking lots and thus
mitigates the delay and traffic congestion related to the finding a parking area. Pham et al. [28] introduced a smart
parking system which is based on IoT. The system maintains a network of car parking area where each car parking
area is treated as a node. Each node maintains the information of neighboring nodes so that it can forward the vehicle
to other neighboring car parking area with minimum value of cost function if the current car parking area is full.
The system uses the RFID technology in the parking area to monitor car parking status. Another similar work is
carried out in [17] where a cloud based car parking system is developed and implemented in a university campus of
a smart city. The proposed architecture consists of three layers: sensor layer, communication layer and application
layer. In the application layer different types of business services like car parking locator, car tracking service etc.
are deployed in the cloud. The deployed sensors send the updated parking information to the information station
which is installed in the car parking lots and in turn it sends the data to information centre in the cloud. In cloud
tier a number of maps/reduce algorithms are used like recommendation algorithm for suggesting best parking lot.
User can interact with the system through corresponding car parking application on their mobile devices and gets
the best available car parking lots. In other studies [18,38], it is found that drivers look at the LED display board
to check availability of vacant spot and reserve the free parking space. The LED display board shows how many
vacant spaces there are and the type of those vacant spaces. The display board is set up in the entrance of a parking
lot.

In contrast to the above systems, in [13] the authors designed a smart parking system framework which guides the
users to find and reserve optimal resource based on user objective function using mixed integer linear programming.
The intelligent parking assistant (IPA) [15] is proposed to manage the off-street public parking spaces and system
ensures that the parking spaces can only be used by authorized users after reservation at IPA website. The reservation
will be held for a grace period (e.g. 15 minutes) and if the user is not able to come to the spot within that period,
an SMS will be sent to the respective user about expiration of reservation. This IPA system is based on wireless
sensor network like other intelligent parking management systems [21,25,27,34,36,37,39]. In a similar vein, a smart
car parking system-iParker [20] proposed an intelligent resource allocation and reservation model. The authors
used mixed integer linear programming (MILP) mathematical model to maximize the resource utilization whereas
minimizes the total price of parking for the users. The paper also presented dynamic pricing policies to increase
the revenue for parking managers. In another study [35], the authors proposed smart parking architecture based
on fog computing. The system consists of fog nodes those are deployed in parking lots to collect the parking lots
information. These fog nodes collaborate and share the parking data with each other to generate proper parking
information of the parking area. These fog nodes disseminate parking lot status to the users and interested ones can
send parking requests back to the fog nodes. Fog nodes then process the parking request based on Greedy allocation
technique. Apart from finding a parking area for the users, some researchers focused on parking survey in intelligent
parking system [6]. They used magnetic sensors to obtain the occupancy status of parking lots and proposed three
different layouts of magnetic sensors in a parking lot to do the parking survey.

In all the above mentioned studies, the authors consider only dedicated parking infrastructure for car parking. In
contrast to this, a parking guidance system [22] has been presented which guides the drivers for on-street parking
spots, rather than dedicated parking infrastructure. The proposed system does not require any investments on parking
infrastructure; it only requires information about probability of finding parking spots on streets. For that, authors
used historical data those are available from smart parking meters. Based on these data, the system guides the drivers
with sequence of streets that they should look for while searching for a parking spot with high chance of finding a
spot.

Some research works also investigated the different ways to determine the parking price. For example, in [2],
the authors proposed a dynamic and demand-based pricing model to optimally manage parking resources in a busy
urban city. They explicitly addressed the interactive relationship between pricing and parking demand via a dynamic
MPEC model. Another study [29] proposed a dynamic parking pricing model to achieve optimal flow pattern in a
network.
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The above mentioned systems has some limitations like in [28], the system will forward the vehicle to another
neighbor node with minimum cost function if the current parking area is full. Hence time and fuel will be wasted
in that scenario; also it elevates traffic congestion in the roads. In [18], drivers can get the information of parking
space availability only after the user reaches the car parking spot. Hence the users have to go to other parking area if
current parking area is full which leads to wastage of time, cost and hampers traffic flow. In [38], the system suggests
the parking area to the user based only on availability factor. The system does not consider users’ preferences like
price of parking, distance of parking area from destination. In order to overcome the shortcomings of the above
mentioned systems, this paper propose a smart parking management system based on MCPR Algorithm [31] which
utilizes the available parking resources in an efficient way by considering the users’ preferences like cost of parking
and distance between parking area and the destination.

3. The proposed system framework

The SPMS consists of various elements. Figure 1 shows the proposed smart parking management system (SPMS)
framework. The users of the system i.e. car drivers have to register themselves with some information, like vehicle
no., owner name, driver name, license no. etc. Then the user can search for parking area after logging in to the
system. It may provision that the proposed system interact with the regional transport office database server for
authentication of vehicles as well as it will check vehicle tax payment status. In this way unauthorized vehicles
and drivers cannot use the system, which contributes to safety and increases the revenue of the government. After
successful authentication, the SPMS web server finds the most suitable parking area based on user’s preferences and
space availability of the parking area. Space availability status of parking slots of every parking area are automat-
ically captured by ultrasonic sensors and that information is sent to the parking area database. On the other hand,
the MCPR algorithm [31] is used to find the most suitable parking area based on user’s preference and space avail-
ability of the parking area and it is running in centralized web server. A brief discussion of the MCPR algorithm is
described in the Section 3.1. The details of parking area like parking area name, address, and price per hour decided
by the system is sent to the user and he/she can reserve the parking space. After booking or leaving the parking area,
the space availability status of that parking area will be changed and parking area database will be updated. User
has to pay the amount determined by the system which is based on dynamic pricing scheme. The interaction among
the objects of the system is shown in Fig. 2. It emphasizes the messages passed and order of interaction among the
objects.
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Fig. 1. System framework of SPMS.
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Fig. 2. Interaction diagram among the objects.
3.1. Brief overview of MCPR algorithm

MCPR algorithm [31] finds the best possible parking area amongst the available alternatives using the different
criteria given by the users. It uses the multi criteria decision analysis (MCDA) technique [19]. In MCPR, it is
assumed that each parking area has different number of parking spaces where vehicles can be parked. The registered
available parking areas have been considered as the alternatives for this algorithm.

The available parking areas (PA1, PA», ..., PA,) are considered as different alternatives where n is the number
of available parking areas. Further, in MCPR it is considered that each PA; has several parking slots. The objective
of this algorithm is to find a parking space amongst these alternatives, i.e. PA;, where 1 < i < n. MCPR considered
three criteria: i) Distance between parking area and the destination. This is considered as criteria C1. ii) Price per
hour for reserving the space, i.e. criteria C2. iii) Unoccupied space for each parking area and it is considered as
criteria C3. Here, MCDA technique has been used to choose one alternative amongst the available alternatives
based on the mentioned criteria. For that, MCDA calculates the utility factor for each alternative. The utility U for
each alternative O; is defined in the following equation as:

m
U0 =) Zi(0) x Wi, i=12,....n e
k=1

where, Z;(0;) is the normalized score of alternative O; under criterion Cy and Wy is the weight of importance
for criterion Ci. Then, these alternatives are ranked in descending order and the alternative(i.e. parking area) with
highest utility value is selected as the best possible parking area. The detailed calculations and illustrations of the
MCPR algorithm and MCDA are shown in [31].



478 A. Mondal et al. / Smart parking management system with dynamic pricing

S

Web Server (SPMS)

=
Local Data
Acquisition
System

«
Exit Entry

Fig. 3. A prototype of the parking area.

3.2. Overview of the system components

This section describes different components of SPMS system in detail. The system consists of three parts: i) user,
ii) parking area and iii) web-based decision support system.

3.2.1. User of the system:

The system is used by two types of users: vehicle owner or driver and parking owner. Vehicle owner or driver
can search and make a parking slot booking request to the server through android based hand held devices. While
parking owners can register their resources with the system and become parking resource owner after investigation
by the authorities. The contributor of the parking resource in the system may be government agencies or private
investors. The parking owners have the responsibility to setup their parking areas according to the prototype shown
in Fig. 3.

3.2.2. Parking area:

Every parking area consists of a number of parking spaces i.e. parking slots with predefined parking capacity
and state of parking area will change on either booking of space or leaving the space with respect to time. For
monitoring real time space availability status, each parking area has to be equipped with ultrasonic sensor or similar
equipment. The sensor network [32] is responsible for tracking space availability status and delivers the same to the
web-based decision support system. Ultrasonic sensors are deployed on the ground of each parking lot which detects
whether the parking space is occupied by a car or not. It also detects the event when car leaves the space. These
sensors are attached with a micro-controller which counts the number of spaces occupied and conveys the parking
space availability status to the SPMS web server. The design prototype of the parking area is shown in Fig. 3. The
system automatically calculates the concentration index and average inter-arrival time for each parking area by using
sensors for efficient parking management and planning. Parking areas of the proposed system are characterized by
concentration index and average inter-arrival time. These are used to identify the demand and popularity of the
respective parking area. These are defined as follows:

a) Concentration index: Concentration index is defined as the ratio of total number of cars parked in the parking
slots at a given time to the total parking capacity of a particular parking area. Concentration index of parking area at
any instance can be determined according to the proposed layout of parking area as shown in Fig. 3. Let us assume,
PA; is a parking area with m no. of parking slots, N, is the number of vehicles present in PA; at time ¢, C(PA;)
is the capacity of parking area PA; and OS; is occupancy status of each parking slot in a parking area. Then the
concentration index is expressed as:

8:(PA;) = N;/C(PA;) @
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where

m
Ny =) 0S; vOS;=1 (©)
j=1

and PA; = 1,2,3,...,m.

0S; = 1, if vehicle present, otherwise it is zero. The value of concentration index lies between zero to one.
Higher the value of concentration index, lesser will be the number of vacant parking slots. This means that, demand
for parking is high in that parking area and may be more number of parking areas are required. Hence, based on
the concentration index, traffic authority, and or parking area managers can devise future plans about whether more
parking slots are required or not in a particular parking area.

b) Average inter-arrival time: It is the average time between successive arrivals of vehicles over a time period. It
is expressed by the following equation:

n—1

M(PA) =) (Aip1 — Aj)/n—1 &

i=1

Where, n is the number of vehicles arriving over a time period ¢. A; is the arrival time of i th yehicle. Aj41 is the
arrival time of (i + 1) vehicle. Lesser the value of average inter-arrival time, more is the utilization of parking area
and hence higher is the demand of parking area.

3.2.3. Web based decision support system:

The decision support system is a centralized web-based system which accepts user’s reservation requests, finds
the most appropriate parking slot for the user and convey the details of that parking space to the user’s hand held
device. The MCPR algorithm [31] running in the SPMS web server is responsible for selecting the most appropriate
parking area based on user’s preference and current parking area status. The web service comprises of several
modules hosted in cloud environment shown in Fig. 4.

a) Registration module: Users have to register themselves to the proposed system before using the system. Two
types of users are there: car driver or owner and parking area owner. Car drivers or owners have to provide detailed
information about vehicle and driver for registration. Also parking area owners have to register themselves into the
system to become a part of it.

Web Server
(Smart Parking Management
System)

Resource
Registration Authentication | | Allocator Module | | Dynamic Pricing
Module Module (MCPR Module
Algorithm)

Resource
Management
Module

Fig. 4. Modules of SPMS web server.
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b) Authentication module: This module is responsible for the authentication of vehicles. When the users register
their vehicles in the system, they have to provide details like vehicle no., license no. of driver, etc. During registration
procedure, the system will interact with the regional transport office (RTO) to check whether vehicle no. is valid
or not. Regional transport office maintains a database for all the registered vehicles and their corresponding tax
payment status. If a vehicle is not in the RTO database or tax payment is due, then the system will not allow the car
owner to park.

¢) Resource Allocator Module:  After registration and verification is done, users can now find and make a booking
request for a parking slot to the SPMS system. The Resource Allocator Module is responsible for finding the
available parking resources and so the MCPR algorithm is used here. To calculate the price of parking, the resource
allocator module invokes the dynamic pricing module. The selected parking areas are then sent to the users hand
held device. If the user is satisfied with the parking area shortlisted by the resource allocator module, then he/she can
make a booking request. Once the resource allocator module receives the parking request, it allocates that parking
area to the corresponding user. At the same time it will update the database regarding the number of available
parking slots of a parking area.

d) Dynamic pricing module: 'This module decides the amount of price user has to pay. Different parking areas may
have different parking prices per hour. But the price is not static or fixed, instead the price changes dynamically over
time based on dynamic pricing model. Dynamic pricing model is a way of increasing the revenue when demand is
high. The Price of i’ parking area P! at instance ¢ represented by Eq. (5). Here, P/ is the price of parking on per
hour basis.

P/ =0C; +(0C; xU}) + LC )

P,i has three components: i) Operational Cost (OC;) at i th parking area, ii) Utilization factor (U,i) and iii) Late_ar-
rival Cost (LC).

— Operational Cost (OC;): The operational cost includes electric cost, maintenance cost, human resource cost
etc.

— Utilization factor (U,i): The utilization factor is proportional to the parking occupancy ratio (O;) at instance ¢
and it is represented by Eq. (6). The parking occupancy ratio is the ratio of the total number of occupied spaces
at a specific instance to the total parking capacity of a parking area and is represented by Eq. (7).

Ul =kx 0, (6)
and
0, = 0CU!/C; 7

where, OCU" represents no. of occupied spaces at instance ¢ in i parking area and C; is the total capacity of
i parking area.

— Late_arrival Cost (LC): The third component effects the dynamic pricing when the user will arrive late in the
booked parking area. If the users are unable to reach within the stipulated time, an extra amount will be charged
by the parking owner due to late arrival. In this work, it is assumed that if a user is unable to reach within 1
hour of booking then, he or she has to pay an extra amount based on the parking occupancy ratio at that point
of time when reached (O, ;) with respect to the price of booking, where j is represented in minutes. Now, the
component LC is represented by Eq. (8).

. ) 8
P! % (OCU! ®

IC = 0, if reach on time
- /Ci), if reach late

t+j
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Substituting the value of (U}) in Eq. (5), P can be expressed as below:
P/ = 0Ci(1+k*OCU,/C;) + LC )

This equation calculates parking cost on hourly basis. At the time of booking, if the user books the parking slot for
n hours then the total parking cost 7P will be calculated by using the equation given bellow:

TP =n x P! (10)

If the user decides to extend the parking hour duration later on, then he/she has to pay an extended hour charge
EHC depending upon the parking occupancy ratio for the next hour (O;41) along with the cost charged for the
previous hour. It can be represented by the following equation:

n
TP = (P;' +) Plx 0,+,-) (11)

Jj=1

Here, n is the number of hours. While calculating the cost of parking, the Eq. (9) of dynamic pricing model covers
many important aspects, such as:

— It not only considers the availability of parking slots, but it also considers parking booking demand at an
instance while determining the price of parking with the help of utilization factor (U/) component. When
parking demand is high, then price will be increased based on Eq. (6).

— If a particular parking slot is booked by a user but he/she reached the parking slot late then that specific slot
remains unutilized for a long time. As the system charges the price of parking only for the duration of stay
in the parking area, not the duration from booking to leaving the parking slot, the parking owner will suffer
monetary loss apart from under-utilization of the resources. That is why the Late_arrival Cost (LC) component
is included in the dynamic pricing which will charge an extra amount to compensate for late arrival in the
booked parking slot.

— The proposed dynamic pricing model also considers the extended hour charge EHC based on demand of the
parking slot represented in Eq. (11). Higher the demand, higher will be the extended hour charge.

Operational cost (OC;) is determined by the owner of the parking area while utilization factor (Uti ) depends on
parking slot occupancy ratio represented by Eq. (7). K is a constant and value of K is also assigned by the owner
of the parking area based on trial and run. This paper considers value of K as 0.5. Table 1 illustrates the proposed
dynamic pricing model. It is assumed that capacity of i’ parking area (C;) is 200, operational cost at i’ parking
area (OC;) is Rs. 30, constant k£ = 0.5, user booked the parking lot for 1 hour and arrived on time. Table 1 shows
that as the demand increases, the price of the parking area also increases.

To demonstrate the cost of parking in case of late arrival, it is assumed that the initial cost of parking was Rs. 31.5
and O; = 0.1. Now, if the user arrives late in the booked parking slot, then the parking price depends on parking

occupancy ratio (O, ;) of the current time i.e. when the user has reached. Table 2 shows price of parking in case

Table 1
Price of parking (Reach on time)

ocUl o, U P! (inRs.)
Reach in time

20 0.1 0.05 31.5
40 0.2 0.1 33
80 0.4 0.2 36
120 0.6 0.3 39
150 0.75 0.37 41.25

190 095 048 44.25
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Table 2
Price of parking (Reach late)

OCU,; Opj  LC P (inRs)
(in Rs.) Reach late

60 0.3 9.45 40.95

80 0.4 12.60 44.10

100 0.5 15.75 47.25

120 0.6 18.90 50.40

140 07 2205 53.55

160 0.8 2520 56.50

Table 3
Extended hour charge
OCU',, 0,41 Pl (inRs) EHC (inRs) TP (in Rs. for 2 h)
for Isth 2nd h Isth4+2ndh At the time of booking

60 0.30 315 40.95 72.45 63
70 0.35 315 42.53 74.03 63
80 0.40 315 44.10 75.60 63
90 0.45 315 45.68 77.18 63
100 0.50 315 47.25 78.75 63
110 0.55 315 48.83 80.33 63
120 0.60 315 50.40 81.90 63
130 0.65 315 51.78 83.28 63

of late arrival. It shows the change in price with respect to change in O; considering the initial booking price of Rs.
31.5 from Table 1. It is also shown that if the parking occupancy ratio (O, ;) is high at the time of late arrival, the
amount of extra charge which user has to pay also increases. Table 2 shows LC and total price, P,.

To demonstrate the extended hour charge (EHC), let’s consider the scenario from Table 1: user had booked the
parking slot for 1 hour and at the time of booking OC U; was 20, O; = 0.1 and the initial cost of parking was Rs.
31.5. Later on user decides to extend the duration of booking for another 1 hour. In that case, users have to pay for 2
hours. The extended hour charge for the next 1 hour depends upon the parking occupancy ratio (O;) of that parking
slot at time ¢ + 1. Table 3 illustrates the extended hour charge for the next hour and total amount (7P) using Eq. (11)
for parking of 2 hours. From the table, it is clear that if a user initially booked the parking slot for 2 hours, he/she
has to pay Rs. 63 whereas if he/she later on decides to park for 1 more hour and at that point of time if the number
of occupied parking slots OC U;' 41 18 60, then he/she has to pay Rs. 72.45 as the EHC is also included in the total
cost.

e) Resource management module: This module manages the resources i.e. parking areas and parking slots. When
someone (i.e. private or government agency) wants to add his/her parking area as a parking resource into the system,
then this module adds the parking area after proper authentication. In a particular parking area, a new parking slot
can be added or can be removed.

4. Improved MCPR

The MCPR algorithm discussed in Section 3.1 did not consider the scenario where a user books a particular
parking slot of a recommended parking area, but didn’t reach there and hence the booked parking slot was not used.
In that case, parking owner will suffer monetary loss. Apart from that, the other users who require the same parking
area at the same point of time will not get the opportunity to park their cars as it is already booked by another user.
Hence it will lead to under-utilization of resources i.e. parking areas. To address this issue, the algorithm is improved
and shown by Algorithm 1. In the improved MCPR algorithm, it considers the time gap between parking reservation



A. Mondal et al. / Smart parking management system with dynamic pricing 483

Algorithm 1 Improved MCPR algorithm
1: procedure IMPROVED MCPR
2: calculates utility U T (PA;) of each parking area PA;
3: select PA; with highest value of UT (PA;)
if choose PA; then
A(PA;)=A(PA;) — 1
end if
if (AT — RT) > 3h then
cancel the booking
A(PA))=A(PA;) + 1
10: end if
11: end procedure

R BN

request time (R7T) and arrival time to that parking area (AT). This time gap is termed as waiting window. If the
time gap is more than 3 hours, then it will cancel the booking request. Hence, it will update the availability status of
that parking area by de-allocating that specific parking slot. If the availability of parking slots at parking area PA; is
A(PA;), then after the automatic cancellation of booking, A(PA;) will be updated as A(PA;) + 1.

5. Implementation and evaluation

In this section, the implementation of the proposed system is presented. The implementation enables the simula-
tion of the system. The simulation result is used to compare the performance of our system with other systems on
several criteria.

5.1. Experimental setup

The implementation of the proposed smart parking management system has been carried out by developing three
components 1) implementation of a prototype of parking area, 2) web-based decision support system and 3) mobile
application of SPMS for users.

To implement the prototype parking area as mentioned in Section 3.2.2, arduino uno board has been used as a
micro-controller. The ultrasonic sensor is attached with the arduino uno board and it tracks the status of the parking
slot i.e. presence and absence of vehicles in a certain parking area and sends the information to the remote parking
area database. The ESP8266 module has been used to send the information through wireless communication from
the parking area to the remote parking area database.

The Web-based decision support system of the proposed SPMS is implemented using PHP framework with mysql
database. Android SDK is used to develop the mobile application of SPMS for android platform. Using this mobile
application, car owners or drivers can search as well as make a request to book a parking slot to the web-based
decision support system.

5.2. Experimental result and simulation

Based on the implementation, an experiment is designed and simulations are run. Figure 5 and 6 represents the
serial monitor of arduino uno IDE. Figure 5 shows that a vehicle has entered a parking slot. When a car has entered,
it is detected by ultrasonic sensor by measuring the distance between the bottom of the car and the deployed sensor.
In this experiment, if the distance is within 10 inch then it is considered that a car has entered in the parking slot. The
measured distance values (two units i.e. inch and cm in two columns) are shown in Fig. 5. On the other hand, Fig. 6
shows that a vehicle has left the parking slot and that information is sent to the SPMS web server’s parking database
wirelessly through ESP8266 module. Based on the same principle, ultrasonic sensor detect whether a car has left the
parking slot or not. If the distance is more than 10 inch, sensor considers that there is no car in the parking slot. That
is how the occupancy status of each parking slot of a parking area is tracked and sent to the parking area database.
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Fig. 6. Serial monitor: sending occupancy status to SPMS server.

The database format for the detecting occupancy status of each parking slot of a parking area is represented in
Table 4. By using this data, the concentration index and average inter-arrival time are calculated using Eq. (2) and
Eq. (4). By considering the time period ¢ = 8:00:00 AM to 8:15:00 AM of a parking area PA; with parking capac-
ity = 10, the concentration index §,(PA;) becomes 0.7 and average inter-arrival time A,(PA;) becomes 150 seconds.

Table 5 shows the concentration index and average inter-arrival time of each parking area for the duration of
15 minutes. The concentration index and average inter-arrival time are used to identify the high demanding and/or
low demanding parking areas. Hence, this can help regulatory bodies to plan better parking area management strate-
gies like whether more parking areas will be needed or not on that particular area based on concentration index and
average inter-arrival time.
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Table 4
Database format of vehicle occupancy status

Sensor ID  Occupancy status In time Out time Vehicle no.
US1001 1 8:00:00AM  8:45:00AM  WB20Z8737
US1002 1 8:01:00AM  8:25:00AM  WB20Z2987
US1003 1 8:01:00AM  8:45:00AM  WB27A5437
US1004 0 - - -

US1005 0 - - -

US1006 1 8:03:00AM  9:00:00AM  WB42A1525
Us1007 1 8:07:00AM  8:50:00AM  WB20Z3467
US1008 1 8:10:00AM  9:05:00AM  WB27A1008
US1009 0 - - -

US1010 1 8:15:00AM  9:10:00AM  WBA42A1122

Table 5

Concentration index and average inter-arrival time in sample parking area

Parking area  Capacity ~ Occupied  Concentration  Avg. Inter-arrival time

index (in seconds)
PAL 100 95 0.95 37.89
PA2 85 85 1 42.35
PA3 100 80 0.8 45
PA4 70 68 0.97 52.94
PAS 50 20 0.4 180
PA6 70 50 0.71 72
PA7 80 50 0.62 72
PA8 100 70 0.7 51.43
PA9 50 38 0.76 94.74
PA10 60 20 0.33 180

The value of the concentration index ranges between 0 to 1. The value 1 represents a high concentration index
which indicates that corresponding parking area has no vacant parking slot while 0O is the lowest concentration index
i.e. all the parking slots are available for parking in the corresponding parking area. Figure 7 and Figure 8 compare
the concentration index and average inter-arrival time of different parking areas respectively. From Fig. 7, it is seen
that parking area “PA2” has the highest concentration index while parking area “PA10” has the lowest concentration
index.

Based on the occupancy status of the parking area and users’ preferences, the SPMS web based decision support
system finds the most suitable parking area for the users. Figure 9 shows some of the android application interfaces
of SPMS. Figure 9 (a) is the user registration interface. Figure 9(b) shows login interface. Figure 9 (c) shows the
interface where the user has to enter the destination address. The interface also provides users to choose parking
preferences in terms of the cost of parking and walking distance. Figure 9 (d) shows the recommended parking area
result i.e. parking area address with parking price per hour decided by the system.

5.3. Performance metrics

To evaluate the performance of the proposed SPMS, this paper employs the following two metrics and compares
the performance of it with the system proposed by Pham et al. [28] and Reservation based smart parking system
(RSPS) [38]:

— Avg. Extra Driving Distance: It is defined as the extra distance travelled by the user while searching for the
parking area from a particular parking area of his/her choice. This metric is considered as one of the important
performance metrics as it is directly related with the amount of traffic congestion generated during searching of
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parking space. Also, this metric has a major impact on amount of carbon emission in the environment resulting
in increase of air pollution.

— Avg. Walking Distance: It is defined as the average distance walked by the users from the system selected
parking area to his/her destination. In this proposed system, the user/driver has the choice to select a particular
parking area based on his/her preferences. These preferences include the distance of parking area from the
destination and the price of parking area per hour. Hence the user may choose the convenient parking area in
terms of shortest walking distance from the destination.

5.4. Performance evaluation
To evaluate and compare the performance of the proposed system with the system proposed by Pham et al. [28]

and RSPS [38] based on the above mentioned performance metrics, Python has been used to conduct the simulation.
This paper simulates parking area reservation procedure for all the systems as per the scenario depicted in Fig. 10.
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Fig. 9. Android interfaces: a) registration interface b) login interface c) request interface d) result interface.

5.4.1. Performance evaluation of the proposed SPMS

Considering there are five parking areas near a destination, each having capacity of five hundred parking spaces
and distance between these parking areas are shown in Fig. 10. The paper simulates the system proposed by Pham
et al. and RSPS based on the network model shown in Fig. 10 where different users coming to that particular
destination over a time period looking for the parking area “P1” to park their vehicles as it is the nearest parking
area from the destination. To simulate the proposed SPMS system, the same scenario has been employed.

Table 6 shows the comparison of average extra driving distance travelled by users in case of the system proposed
by Pham et al. and RSPS with respect to the proposed system. Figure 11 plots the average extra driving distance
with respect to time for all the above mentioned systems. The graph shows that average extra driving distance while
searching a convenient parking area is much less in case of the proposed system as compared to the system proposed
by Pham et al. [28] and RSPS [38]. Though, during non-rush hour (11:00 h to 14:00 h) RSPS perform slightly better
than proposed SPMS system.

This is because during non-rush hour (11:00 h to 14:00 h) when parking demand is low, RSPS reserves all the
parking slots in “P1”” which is nearer to the destination as long as space is available there. But the proposed SPMS
not only optimize the usage of all the parking areas by reserving parking slots based on the parking occupancy ratio
of all the parking areas but also keeps in mind the user’s preferences. Even if the requested nearest parking area has
an available parking slot, then also the proposed SPMS may not reserve that parking area, rather it will reserve a
slot in another nearest parking area where the parking occupancy ratio is low in order to optimize the usage of all
the parking areas.
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Table 6
Extra avg. driving distance by user
Time Extra avg. driving distance (km)
(24 hour format)  phametal. MCPR  RSPS
11 0 0.06 0
12 0.11 0.03 0.02
13 0.17 0.04 0.03
14 0.92 0.13 0.2
15 1.43 0.2 0.3
16 1.5 0.33 0.88
17 2.22 0.58 1.21
18 1.91 043 1.11
19 1.6 0.3 0.89
20 1.22 0.17 0.21
21 0 0 0
L] =8+ Pham et al
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Fig. 11. Average extra driving distance.
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Table 7
Avg. extra walking distance travelled by user

Time Avg. Walking Distance (km)
(24 hour format) ~ phametal. MCPR  RSPS
6 0.5 0.56 0.5
7 0.52 0.53 0.48
8 0.53 0.65 0.52
9 0.87 0.63 0.53
10 1.07 0.7 0.9
11 1.06 0.83 1.01
12 1.08 1.08 1.08
13 1.09 0.92 0.99
14 1.05 0.8 0.81
15 0.99 0.67 0.62
16 0.5 0.5 0.5

But during peak hour (i.e. from 15:00 h to 19:00 h) when the no. of vehicles coming to the destination increases,
the average extra driving distance travelled by the user to find a parking area is increasing more sharply according
to the system proposed by Pham et al. [28] as well as (RSPS) in [38] than the proposed SPMS system. This happens
because most of the users look for the parking areas which are nearest to the destination and during peak hour all
the nearest parking areas may already be occupied in [28] and [38]. In case the of system proposed by Pham et
al. [28], when the user searches for a parking area, the system may direct him/her to the nearest parking area “P1”
but after reaching the directed parking area, it may happen that the parking areas are already full, then the system
again redirects the user to its neighboring parking area. That is why extra driving distance is maximum. In case
of RSPS, as the system will satisfy all the parking requests nearer to the destination as long as space is there. So
during the peak hour all the nearest parking areas may already be booked. Hence during peak hour, this system will
reserve parking areas that are farther from the destination. But as this system already reserves the parking slot, so
the average extra driving distance in case of the system proposed by RSPS is less than the system proposed by pham
et al. but more than the proposed SPMS system which allocates the parking area based on MCPR algorithm. This
result suggests that proposed car parking solution SPMS helps to reduce traffic congestion as well as air pollution
which happens during searching for a parking area.

Table 7 shows the comparison of the average walking distance from the parking area to the destination by users
for the system proposed by Pham et al., RSPS and proposed SPMS system. The graph in Fig. 12 shows that the
average extra walking distance by the user is much less in the proposed system as compared to the system proposed
by Pham et al. and RSPS. In case of the system proposed by the Pham et al. and RSPS, during peak hour (i.e. from
15:00 h to 19:00 h) when the number of vehicles coming to the destination increases, the vehicles are directed to
the parking area which are farther from the destination, as the nearby parking areas may already be filled before the
peak hour and hence the users have to walk longer distance to reach the destination from the selected parking area.
In the proposed SPMS system, parking areas are allotted to the users keeping in mind the user’s preferences as well
as space utilization factor of all parking areas. Hence during peak hours, the system can allot the nearby parking
area to some of the users. That is why the average walking distance is least in case of the proposed SPMS system.
However, from 11:00 h to 13:00 h the average walking distance is slightly higher in the proposed SPMS system than
the Pham et al. [28] and RSPS [38], because the SPMS system will not reserve nearest parking area even if space is
available as it reserves the parking areas keeping in mind the user’s preferences as well as space utilization factor of
all parking areas.

5.4.2. Evaluation of proposed dynamic pricing model

This section evaluates the performance of the proposed dynamic pricing model. As discussed in Section 3.2.3,
the expectation is that the dynamic pricing model will generate more revenue as compared to fixed or static pricing
scheme. To assess the performance of the proposed dynamic pricing model, some assumptions are made as shown in
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Table 8
Simulation parameters
Parameters Value
Parking capacity 200
Operational cost Rs. 30
Duration of parking (every vehicle) 1h
Constant k 0.5
Table 9
Simulation results in terms of price/h
Occupancy status  Space availability Price/hour (in Rs)
Dynamic pricing  Static pricing
1 199 30.075 30
20 180 31.5 30
39 161 32.925 30
58 142 34.35 30
77 123 35.775 30
96 104 37.2 30
115 85 38.625 30
134 66 40.05 30
153 47 41.475 30
172 28 42.9 30
191 9 44.325 30

Table 8. The simulation result shown in Table 9 indicates that price is increasing gradually as space availability de-
creases in the dynamic pricing technique, whereas in fixed pricing technique the price remains constant irrespective
of space availability status.

Table 10 shows that government or private organization can gain more revenue during rush hour if the system
implements a dynamic pricing model than the fixed or static pricing.

Figure 13 and 14 shows the comparison of dynamic and static pricing technique in terms of price per hour of
parking and revenue gain respectively.

The price of parking increases gradually when the number of vehicles increases in a parking area in case of a
dynamic pricing scheme while the price of parking remains the same irrespective of number of vehicles present
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Table 10

Simulation results in terms of revenue

Occupancy status  Space availability Revenue/hour (in Rs)

Dynamic pricing  Static pricing

1 199 30.075 30
20 161 1228.5 1170
58 142 1868.325 1740
77 123 2535.225 2310
96 104 3229.2 2880
115 85 3950.35 3450
134 66 4698.375 4020
153 47 5473.575 4590
172 28 6275.85 5160
191 9 7105.2 5730
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Fig. 14. Profit comparison.
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in a parking area as shown in Fig. 13. As the price of parking increases in dynamic pricing scheme, hence more
revenue can be gained as compared to static pricing scheme and this is shown in Fig. 14. The price of parking can
be adjusted by the parking owner here by changing the value of constant k. With the increasing value of k, the price
of parking will also increase as shown in Fig. 15.

5.4.3. Performance comparison of improved MCPR with MCPR algorithm

This section compares the performance of MCPR algorithm and improved MCPR algorithm in terms of resource
utilization with respect to number of false booking. False booking means, a parking area is booked but not used by
the user. The MCPR algorithm has not considered the scenario when the user has not appeared and used the booked
parking slot in a parking area. In that case, the MCPR algorithm will not cancel the booking and hence other users
who want to use the same parking area will not get the space for parking. This leads to under-utilization of resources
i.e. parking areas. But in improved MCPR, this problem is addressed as discussed in Section 4 and hence resources
will be utilized in a much more efficient way. To simulate, the following scenario is considered: assume parking
area PA has 200 parking slots, at a particular time all parking slots of PA; are booked by the users and many more
parking requests are there for PA;. Also assume that, the new users who got the opportunity to book the parking
slots in PA1 due to cancellation of false bookings, 90% of them use that parking area. The simulation result shown in
Fig. 16 indicates that even for false bookings, the utilization is much higher in improved MCPR algorithm whereas
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utilization is decreasing with an increase in number of false bookings in MCPR algorithm. For example, initially all
the 200 parking slots of a parking area are booked and number of false booking is 20. So in improved MCPR, once
3 hours of waiting window is over, another new 20 users can book those unused parking slots. But assume 90% of
them use those parking slots. In that scenario, utilization will be 99%.

6. Conclusion

This paper has proposed a smart parking management system based on the MCPR algorithm to allocate scarce
parking resources. The system was implemented for enabling simulating the performance. The proposed SPMS
system guides the users to find and reserve the most suitable parking area in a fair way keeping in view to minimize
traffic congestion, excess fuel consumption and air pollution. The proposed system not only assists the drivers to
find a proper parking space but it also helps the parking owner to be a part of the system. The proposed system
outperforms the system proposed by Pham et al. [28] and RSPS [38] by considering two performance metrics:
average extra driving distance and average walking distance. It has been seen that the average extra distance that the
users have to drive in the proposed SPMS for searching a parking area is much less than the system proposed by
Pham et al. [28] and in RSPS [38] and it helps to reduce traffic congestion, excess fuel consumption and air pollution.
In the proposed system, the average walking distance from the selected parking area to his/her destination is also
less than the systems proposed by Pham et al. [28] and RSPS [38]. It suggests that the SPMS system allocates
the parking slots keeping user’s comfort in mind as well. The Dynamic pricing model is used to determine the
parking cost as it increases the revenue when the parking demand is high. The proposed system not only assists the
government/private organization to gain more revenue but also keeps in mind the user’s satisfaction and manages the
available parking resources in a fair way. The system also assists the regulatory bodies to formulate better parking
management strategies with the help of the survey data for parking areas.
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