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Abstract: This study focused on the use of technical solutions for automated parking for urban needs
with regard to energetic self-sufficiency, balancing the price and usability of the building area for the
optimal number of parking spaces and the goal of the maximum use of the building surface for green
areas that provide not only oxygen production but also filtration of dust particles and appropriate
water management.
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1. Introduction

Nowadays, vehicle parking is a problem in a number of global urban agglomerations;
on the other hand, the demand (developers and municipalities) for the implementation
of projects in accordance with the Smart City concept is growing [1,2]. The solutions
discussed in the Czech Republic and in the Moravian–Silesian Region, respectively, are
aimed at constructing new car parks in brown fields, or the use of existing built-up areas, or
their extension to parking spaces, especially in densely populated areas, typically in urban
housing estates [1,3]. The presented solution of the study is in accordance with this concept
(as well as in accordance with the concept of Industry 4.0) and enables an increase in the
concentration of the number of cars (including electric cars) on the minimum area [4].

2. Materials and Methods

The automated parking system is relatively complex in terms of various connections.
In addition to the control system itself, it is necessary to solve communication, location,
optimization of the movement of handling trucks, solution of critical situations, etc. The
model of the control system was realized on the basis of the actual construction design of a
real parking lot. The model is designed primarily to verify the correctness of the assump-
tions and found optimization algorithms, as well as to verify the available technologies.
The complete control will be applicable in real time both to the real issue and to the scale
model of the parking house and its other components (elevators, AGV, pallets).

Control methods can generally be limited to finding ways of communication and
finding sequences that will lead to rapid parking or parking of the vehicle. Due to the
concept of the system as autonomous, the aim of the work was to find a suitable opti-
mization algorithm and a method of communication with vehicles. Many solutions for
the optimal operation of the parking system were discussed, which lead to the essence
of logistics systems. In general, linear or nonlinear programming, dynamic or stochastic
programming, multicriteria decision making, etc., may be mentioned. The main goal is to
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minimize the purpose function, which in our case strongly depends on the parameters of
the whole system.

3. Discussion and Conclusions

For the first implementation of AGV, a LiIon battery with parameters of 48 V/104 Ah
was installed, which is approximately 5.24 kWh. Due to the price and relatively large
capacity, the research aims to ensure under what conditions the capacity can be reduced
so that the system is able to charge individual AGVs while fully maintaining the planned
functionality. For these situations, several studies, respectively, variants and summations,
were performed with the results in Table 1 with AmeriSolar AS-6P30 cells with an installed
power of 285 Wp.

Table 1. Analyzed variants.

Variant A Variant B Variant C

Installed power (kWp) 6.84 17.95 31.35
Number of PV panels (pcs.) 24 63 110
Annual production (kWh) 6472 16,926 29,349

Yield (kWh/kWp) 946 943 936

The most powerful variant would therefore be able to supply an average of 63 kWh
per day, which, with the number of planned seven AGVs per parking module, means
enough energy to maintain the proper operation of the parking lot under specific operating
conditions.

The main advantages of this green building include environmental (positive effect
on air quality), economic (ability to accumulate water, increased utility values), adaptive
(improving water management and increasing share of areas with predominantly natural
components) and social (noise reduction, calming importance of greenery) benefits.
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