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Abstract. Efficient management of parking spaces is a critical aspect of urban
mobility in large cities, particularly in Bulgaria where rapid urbanization poses
significant challenges. In this paper, we propose a novel approach utilizing intu-
itionistic fuzzy estimates within the framework of a smart city intelligent
transport system (ITS) to optimize the utilization of parking spaces. Leveraging
real-time data from sensors and 10T devices, our system employs intuitionistic
fuzzy logic to model the uncertainty and imprecision inherent in parking demand
prediction. By integrating multiple sources of information, including historical
usage patterns, traffic flow data, and external factors such as events and holidays,
our approach enables more accurate estimation of parking space availability. Fur-
thermore, the intuitive nature of intuitionistic fuzzy estimates enhances the inter-
pretability of the system, facilitating decision-making for urban planners and
transportation authorities. Our research contributes to the advancement of smart
city initiatives by offering a practical solution for optimizing parking manage-
ment in large urban centers, thereby promoting sustainable and efficient urban
mobility.
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1 Introduction

A Smart City Intelligent Transportation System (ITS) [5, 6, 11, 14] is a comprehensive
and advanced system that uses technology and data driven solutions to improve trans-
portation and mobility in a smart city. The aim IS to create a more efficient, sustainable
and user-friendly transport network.

ITS uses real-time data from a variety of sources, including traffic cameras, sensors and
GPS devices, to monitor traffic and congestion. Traffic lights and road signs can be
adjusted in real time to optimize traffic flow. Smart City ITS [4, 12] can offer optimized
route planning based on real-time traffic conditions and can suggest alternative routes
to avoid traffic jams. Smart City ITS to reduce congestion and emission’s, making
transport more sustainable and environmentally friendly. The ultimate goal of ITS for
a smart city is to create a seamless, efficient and sustainable transportation network that
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improves the quality of life in urban areas while reducing the negative impact of con-
gestion and pollution [8, 17]. It is an integral part of the wider concept of smart cities,
which use technology to improve urban life and sustainability.

On the Other hand, an Information System (PGIS) is a technology designed to help
drivers find available parking spaces more efficiently. It typically consists of various
sensors and communication systems that monitor the occupancy of parking spaces in
real-time and private drivers with information about where they can find open parking
spots.

PGIS uses various types of sensors, such as ultrasonic or electromagnetic sensors,
placed in individual parking spaces or at entry and exit points of parking lots. These
sensors detect whether a parking space is occupied or vacant [8, 9]. The sensors con-
tinuously collect data about the status of each parking space, sending this information
to a central control system. The central control system processes the data and calculates
the availability of parking spaces. It then communicates this information to drivers
through various means, such as electronic signs, mobile apps, or websites [11, 15].
Some PGIS systems integrate with navigation apps or GPS devices to provide turn-by-
turn directions to the nearest available parking spot. PGIS also can help reduce traffic
congestion and air pollution by minimizing the time spent circling parking lots in search
of open spaces. It can also optimize the use of parking facilities [10, 16].

The evaluation of a smart intelligent system should be able to do with intuitionistic
fuzzy evaluations. They allow the use of intuitionistic fuzzy logic, which allows judg-
ments of belonging, non-belonging, and uncertainty.

2 Intuitionistic fuzzy sets

Intuitionistic fuzzy sets (IFS) are sets whose elements have degrees of belonging and
not belonging. They are defined by Krassimir Atanassov [1, 2, 3] (1983) as an extension
of fuzzy sets of Lotfi A. Zadeh [13]. In the classical theory, element belongs or does
not belong to the summary. Zadeh defines membership in the interval [0, I]. The theory
of intuitionistic fuzzy sets extends above concepts by comparing belonging and not
belonging real numbers in the interval [0, I] and the sum of these numbers must also
belongs to the interval [0, I].

Let the universe is E. Let A be a subset of E. Let us construct the set

A*= {(X, pa(x), va(x))IxeE},
where 0 < pa(x) + wa(x) < 1.

We will call A* an IFS.

The functions wua(x): E—[0, 1] and wa(x): E—[0, 1] set degree of membership and
non-membership.

It is defined the function za(x): E—[O0, 1] through 7za(X) = 1-ua(X)- va(X), correspond-
ing to the degree of uncertainty.

In this paper, we also introduce an intuitionistic fuzzy estimation of parking area
utilization efficiency. On the first step we have to obtain the values of minimum and
maximum values of the interval [0, I]. We calculate m and n as follow:
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where:

- S is the number of parking places;

- Ky is the number of sensors (parking places) that are used

- Kz is the number of sensors (parking places) that are not used

The degree of uncertainty also represents as a 7=1- u-v.

At the beginning is done statistics of the 70 values that we used for learning the
neural network. Initially when still no information has been obtained, all estimations
are given initial values of <0, 0>. When k > 0, the current (k+l)-st estimation is
calculated on the basis of the previous estimations according to the recurrence relation

mk+m v k+n

where {(u, w) is the previous estimation, and (x, v) is the estimation of the latest
measurement, form,n € [0, IJand m+n <1

I addition to our preceding paper here we are going to use four additional ways to
assess other Intuitionistic Fuzzy Estimations in intelligent transport system. They are:
Optimistic formula:

< M1, Vie1>=<max foan, min v a>
Where:
Man=(to ..., 1K), ke[O,...|—l]
var=(Vo vVi...,v«) Kk E[O,' —1]
Strongly optimistic formula:
S Uk, Vi1 =< Ui+ U= Hr - Ui, V. Vil >
Pessimistic formula:

< Uk, Viar>=<min U an, Max v an>
Where:
Man=(o H1..., 1K), ke[O,...|—l]
var=(Vo Vi...,v«) K E[O,' —1]
Strongly pessimistic formula:

S Uk, V> =< U1 . Uk, Vi TV k- V. V>

3 Conclusion

In conclusion, our study demonstrates the efficacy of integrating intuitionistic fuzzy
estimates into smart city intelligent transport systems for optimizing parking space us-
age in large cities of Bulgaria. By harnessing the power of real-time data and intuition-
istic fuzzy logic, we have developed a robust framework capable of accurately predict-



ing parking demand and efficiently managing parking resources. The utilization of mul-
tiple data sources and the consideration of uncertain and imprecise information enable
our system to adapt to dynamic urban environments and effectively address the com-
plexities of parking management.

Moving forward, our research lays the foundation for further advancements in smart
city initiatives, emphasizing the importance of data-driven and adaptive approaches for
addressing urban mobility challenges. Future work could explore additional factors in-
fluencing parking demand, enhance the scalability and interoperability of the system,
and investigate the integration of advanced technologies such as machine learning. By
continuing to innovate and collaborate, we can foster sustainable and resilient urban
environments that enhance the quality of life for residents and visitors alike in Bulgar-
ia's large cities.
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