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Abstract: The purpose of this article is to provide an overview of current parking system management issues as well as support for
effective object identification in circumstances of autonomous parking. In particular, we will look at existing solutions and patterns
that have the most immediate use in automobiles and other businesses that rely on these technical approaches. The question arises
as to the effectiveness and expense of existing solutions during various times of day (rain, fog, snow) and weather conditions,
which can significantly alter the visibility of any systems that use cameras for object detection. This is applicable to parking lots
that use cameras and a computer system'’s integrated capabilities to detect and classify items using a machine model that makes
certain decisions or suggests certain objects for object occupancy tracking. Our parking system concept proposal can be summed
up in a dozen successful implementations for autonomous vehicle (AV) control and other Internet of things (IoT) systems. Image
processing could be carried out using a mix of one or more algorithms and patterns that require specific hardware and software
in the background, such as CI/CD, HPC, edge, cloud computing, and cluster microservices. Key contributions and findings can be
given in the form of a novel pattern method known as combined detection of parking occupancy on chip (ComDPOCh), which can
be applied in a real-world setting using appropriate hardware and software.

Keywords: Machine learning and computer vision, parking lot occupancy, watershed segmentation algorithm, object detection in
autonomous vehicles, image processing, autonomous vehicles, artificial intelligence, Internet of things (IoT)

INTRODUCTION

A practical analytical approach to solving the
current problem related to the best possible man-
agement of the parking system requires a more pre-
cise determination of the number of vehicles in the
parking lot or during vehicle movement. Cameras
that constantly monitor the required terrain, com-
bined with advanced software inside the vehicle,
can detect the availability and number of parking
places. Each research requires certain funds for in-
vestment into new technology, as well as its mainte-
nance [1, 2, 3, 4]. In company which deals with in-

novative research and creation of new technologies
it is also important to have certain knowledge, with
the help of which competitiveness on the market
can be achieved using SEO, SEM, CI/CD, Cloud and
Edge technologies [5, 6, 7, 8]. External influences
can create reduced sight, making it difficult to oper-
ate these devices in case of problems with logistics
organization and product availability on the market.
All this together affects the economic profitability
and delays in the delivery of the final product, such
as a complete vehicle that can be partially or fully
automated.
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Improving software technologies and security is
a prerequisite for improving hardware solutions to
common challenges with different power sources [8,
9, 10]. In other words, we have reached a point where
a software system can surpass a hardware solution
in all aspects [10, 11]. That is why algorithms are uti-
lized for the identification and classification of move-
ments in the continuous monitoring of parking lots
and points of interest, based on which the machine
model makes certain conclusions or suggests specific
items.

Detection model training processes in most situa-
tions need the application of HPC, cloud computing,
cluster microservices [12], edge or a development
process that uses CI/CD atits core [13, 14, 15, 16], to
successfully obtain an efficient and applicable detec-
tion module inside the vehicle or camera itself.

There are many methods that deal with image
processing, motion detection, and object classifica-
tion using cameras and IoT devices, but the challenge
of accuracy and speed remains. In this case, image
processing can be performed using a combination
of one or more algorithms to improve visual content
under low visibility conditions. These algorithms can
also be applied in the field of parking management
[17]. The lack of object detection support under night
conditions is evident in existing systems. In general,
in difficult conditions, all solutions give significantly
worse results.

Computer assistance is gradually improving, and
there is still space to upgrade existing surveillance
camera systems and solve difficulties with limited
visibility utilizing patterns and algorithms. However;
all possible solutions are better or worse than others
in individual scenarios and produce different results.

Existing solutions use only one method with
only one approach, but no implementation is robust
enough to be used for several different scenarios
(parking schedule, car position, camera angle, etc.)
and temporal and spatial conditions [18, 19]. The
work is intended for readers who have a certain
knowledge and experience in the field of machine
learning (ML), artificial intelligence (Al), computer
vision (CV), autonomous vehicles (AV), along with
other interconnected technologies and hardware ap-
proaches [20, 21, 22]. Considering the intended use,
itis important to choose the algorithm best suited for
the serving the purpose.

The main contributions within this paper relate to
the presentation of the idea proposal of implement-
ing a technical solution for parking occupancy. This
proposal relies on the possible application of several
different algorithms for detection in mixed lighting
and weather conditions. While within the concep-
tual proposal, the contribution is providing a better
understanding of the computationally efficient ap-
proach and the complexity of the future computer
system with the required number of components for
successful implementation by using video surveil-
lance systems and cameras in the vehicle.

The research is divided into the following sections:
introduction, materials and methods, cost of automo-
tive sensors and optimization processes, related work
which include the important literature in this topic.
This section discusses the opportunities and chal-
lenges associated with existing solutions and how
some difficulties can be solved by combining multiple
algorithms based on the time of day and light intensity.
The results section encompasses solution ideas and
collected assumptions. In this section, we described
alternative methodologies and algorithms, along with
a proposal for a future solution presented in the form
of a visual representation of a computer system that
could be deployed. Additionally, the prospects for soft-
ware development and integration with CI/CD are be-
ing investigated, and conclusion summarizes the cur-
rent findings and directions of future research.

METHODS AND MATERIALS

Methods and materials were gathered through re-
search questions. The research method is based on
empirical observation and the possibility of propos-
ing future solutions. The study focuses on non-nu-
merical data and the collecting of various ideas and
perspectives on the topic of direct application, sum-
marizing the current state of affairs in this field. The
volume of literary study connected to all solutions
from 2004 to 2024. The literature is studied through
the lens of possible direct applicability in many ap-
plications and sectors. We looked at the financial im-
plications of sensors and their impact on the develop-
ment of appropriate detecting software.

Research Questions
The research framework is focused on finding an-
swers to the following questions:
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1. What are the sensor prices and total costs for a
partially or completely automated vehicle?

2. What solutions exist for object detection and
support for nighttime applications?

3. What is the optimal solution for effective park-
ing detection and application within AV and
other industries?

Related Work

The question arises as to how well existing solu-
tions perform depending on time of day (rain, fog,
snow) and weather conditions, which can have a con-
siderable impact on the visibility of any systems that
employ cameras to detect objects. In general, this has
an impact on the management of self-driving vehicles
as well as assistance for successful object recognition
in automatic parking applications. Based on all of this,
the camera is unable to acquire a sufficient amount of
high-quality data, which has a substantial impact on
the algorithm’s outcomes.

Where the details related to the existing ap-
proaches are summarized and selected based on
the possibility of obtaining certain results during
the analysis of the obtained graphic display. The fo-
cus within the related literature is on looking at the
possibility of connecting future implementations of
algorithms, technologies, software, hardware, and
the subsequent implementation of real experiments.
The planned experiments should be realized inside
the vehicle and on video surveillance systems, where
could be obtained the possibilities of application for
different purposes. Key findings and arguments on
the direct use and use of small embedded computers
inside a car or a laboratory environment that might
be used in a public free parking lot.

Within the mentioned section, we focused on al-
gorithms and their application possibilities. On the
basis of which we made the appropriate organization
in the following way: image preprocessing, Fog and
haze, Darkness, Precipitation, Motion tracking, Algo-
rithm in scene illumination, Image segmentation and
Categorization.

Cost of Automotive Sensors and Optimization

processes

Automotive sensors play an important function in
modern automobiles, ranging from improving reli-
ability towards enabling automated driving. The in-

tegration of the sensors in automobiles has become
vital for optimizing performance and costs [22, 23].
For example, the cost implications of sensors vary
depending on the level of autonomy of a vehicle. Ac-
cording to the data we collected, 9 sensors in a Level
1 vehicle add $300 to the total cost, but 28 sensors
in a Level 5 vehicle add $1,758. There is a significant
difference in adding the additional total cost of the
finished product without accounting for software
production costs [23, 24].

This emphasizes the significance of cost minimi-
zation measures in sensor integration. In the pursuit
of cost optimization, advances in the field of sensors
have been developed to improve efficiency and cut
wasteful costs. For example, the use of Al in vehicle
upkeep has been shown to minimize sustaining costs
and resources through the provision of scheduled
repairs. The new self-driving capabilities include a
wide range of sensors and autonomous characteris-
tics, and their number is projected to grow in the fu-
ture which is shown in Figure. 1.

COST ANALYSIS OF AUTOMOTIVE SENSORS
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Figure 1. Matching Sensor Cost with Automotive Disruption.
Source: [22]

Furthermore, optimizing sensor placement on
vehicles is crucial to boosting performance. In the
sphere of security, we must strike a balance between
cost optimization for automotive cyber-physical sys-
tems and security-related hardware cost optimiza-
tion. While CAN FD-based systems have highlighted
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the importance of balancing security measures with
financial costs in the event of a breach of security
[25].

Types of existing detection solutions

There are several ways to approach the solution
to this problem in the literature and related works. In
general, the solutions could be classified into 2 or 3
groups, surface-oriented and object-oriented, and the
third group would be a hybrid combination of meth-
ods from the first two.

Disruptive factors, such as bad weather, affect
more solutions in the surface group. However, prob-
lems regardless of time can be caused by shadows
or differently lit surfaces. Some of the algorithms in
these situations can scan and recognize an occupied
part of the parking lot that is in the shade, and in the
sun as free.

In the following, Daki¢ et. al [11] we discuss exist-
ing solutions that have the greatest degree of direct
application within vehicles and other industries that
rely on these technological approaches. This applies
to parking lots that rely on cameras and the inte-
grated capabilities of a computer system that detects
and classifies objects. Most solutions require the ap-
plication of appropriate standards Daki¢ et al. [26]
and their harmonization depending on the country in
which the solution is used. In most cases, Todorovi¢
et al. [26] standards compliance is monitored on ap-
propriate control panels/dashboards using analytical
software in real time.

Surface-oriented solutions

Surface-oriented implementations of the relevant
software and hardware use the parking lot’s surface
to detect whether parking spaces are free and occu-
pied. The solution of Liu et al. [27] is presented via
the use of multi-support vector machines on portions
of three neighboring parking lots to find linkages be-
tween adjacent patches. The essential parking space
is classified according to its qualities. According to the
authors of Liu et al. [28] and their understanding re-
veals that there are options based on a breakdown of
blocks of grayscale parking cell photos. The approach
is based on dividing each parking place into four
equal-sized chunks. Each of these was then evalu-
ated using particular homogeneity criteria. If the unit
in question does not match these requirements, it is

broken into four subunits, which can be represented
as a computational grid or programming code. Most
software deployments, Krocka et. al [29] necessitate
the use or the creation of machine detection models
with Al and CV application capabilities that employ
table detection approaches where direct application
can be done within the vehicle, using static cameras
in the parking lot.

Each block is split interactively until the output
passes the homogeneity condition and is consistent
with the trained recognition model. The consistency
of the parked cell (1x1) can be found by summing all
of the reinforcing blocks of one parking cell, i.e. if it
contains non-homogeneous constructions, such as
vehicles. Their presentation can be realized in a num-
ber of different ways within 2D and 3D space using
matrices. A similar approach is offered by Funck et al.
[30]. They also apply to parking areas in their group-
ing of parking cells, where an image of an empty
parking lot is used as a reference and compared to
the present status in each consecutive frame. A bet-
ter approach is Huang et al. [31], who improved this
group’s solutions by referring to the complete object
in the parking compartment as a surface. This strat-
egy may be the most productive of the entire collec-
tion of approaches.

Best possible detection and classification

The second group’s solutions are based on the
most accurate identification and classification of
items from photographs. Parking system solutions
can be summarized in a dozen effective automobile
industry deployments and highway vehicle control.
An outstanding solution using a CNN classifier of-
fered by Amato et al. [32] can work on smart cameras
with limited resources. This approach uses a 5-layer
CNN to identify both a vehicle and an empty parking
space for categorization.

The third group includes hybrid solutions that
use the background for motion detection. A very
robust solution in the field of urban traffic manage-
ment comes from Feris et al. [33] which shows the
possibilities of achieving vehicle tracking and detec-
tion from many different angles. A straightforward
rule-based vehicle classifier is used, which examines
the form and movement of foreground spots at pre-
determined time intervals. They determine if the as-
pect ratio, size, and direction of movement of specific
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foreground spots are within a predefined range of pa-
rameters that identify the vehicle.

The authors Bhaskar et al. [34] offer a unique al-
gorithm for vehicle data recognition and tracking
using the Gaussian mixture model and speckle de-
tection methods, a similar solution was proposed by
Foresti et al. [35]. Postigo et al. [36] propose an ap-
proach that allows background removal and vacancy
map analysis, which is proposed by Postigo et al. [36].
From this map, vehicles are detected and tracked to
determine their parked or abandoned status, as well
as to account for frontal and neutral occlusions. Oc-
clusions refer to changes in temperature and differ-
ences between certain objects that are detected by
rendering them through a certain color. An estimate
of free parking space is also given. Their algorithm is
capable of estimating the dimensions of a parking lot.
Mithun et al. [37] offered a similar solution to time-
Space images.

Application of various algorithms and

detection conditions

Detecting procedures can be implemented in a va-
riety of ways, and in this section, we have discovered
relevant algorithms and circumstances that can be
applied to our conceptual solution. Each phase step
and the use of various algorithms are described in
further detail and justified.

In the first phase, Chen et al. [38] It essential to
perform initial image processing from various image
sources. Most sources can be found inside the car or
in an external system. The procedure is receiving the
image from the recording device and processing it
with as much detail, high quality, and as little noise
as possible before saving it. After completing the
first storage operation, advanced algorithms can be
used to process the data for object recognition. The
approaches applied in this step shall be prioritized
in low-visibility and nighttime conditions, as well as
rain and fog. The selection of proper algorithms for
the image processing is critical, and the degree of pre-
cision of the subsequent processes is heavily reliant
on the findings.

On the basis of the knowledge gathered in this
work and the literature source [39, 38, 40, 41, 42], we
had the opportunity to become familiar with the most
common image problems that occur in conditions of
reduced visibility. All of this is represented in the im-

age’s low contrast between visible items and back-
drop, poor illumination, and heavy noise. In addition,
the way the image is processed is heavily influenced
by the conditions in which it was captured. Simply
expressed, the choice of image processing technique
is determined by the challenges to be handled, which
include reduced visibility, low detail, and high noise.
Nevertheless, a poor image might be created by the
time of day, sunlight, fog, haze, or excessive precipita-
tion. It is required to select the option that provides
the greatest score for better image quality under the
specified circumstances. This necessitates the se-
lection of appropriate image processing techniques
based on the present weather and optical conditions.
In the following, we discuss some of the essential
methods and publications that deal with applicabil-
ity under diverse weather and illumination circum-
stances [40].

Fog and haze

There are many great works in the field of image
enhancement. One of the methods for image process-
ing under fog and haze conditions is Efficient Image
Dehazing with Boundary Constraint and Contextual
Regularization by Meng et al. [43]. The advantage of
this solution is that it does not depend on knowing
the scene in an ideal state, i.e. only one image input is
sufficient which is shown in Figure 2.

Figure 2. Image Dehazing with Boundary Constraint and
Contextual Regularization. Source: [43].

When it comes to nighttime picture processing,
the most popular methods are those that use his-
togram equalization to increase the brightness and
contrast. These algorithms work on the principle that
after finding the mean value of brightness, it begins
with the lowest level and compares it to the mean
value; if it is lower, the next level is added to it and
compared to the mean again. The operation proceeds
until the value that is closest to the mean is deter-
mined. All the levels of brightness are then grouped
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together, allowing for an approximate harmonization
of the histogram [42].

We can distinguish between the following equal-
ization methods: normal histogram, adaptive, adap-
tive contrast histogram, adaptive contrast limited
histogram, and multipeak histogram. In the work of
Bhandari et al. [44] where image enhancement and
object recognition for night vision surveillance are
discussed, Contrast Limited AHE (CLAHE) was shown
to be an algorithm with extremely good results.

The GCANet solution by Chen et al. [45] Shows
excellent results in eliminating precipitation from
the scene. In this network, a smoothed dilation tech-
nique is utilized to remove network artifacts gener-
ated by extensive dilated convolution with minimal
additional parameters, and a closed subnet is used to
integrate data from different layers.

Algorithm in scene illumination

When the illumination in the scene changes, the
algorithm’s functioning may get more complicated.
The algorithm should account for variations caused
by the day and night cycle, as well as lighting changes
caused by, say, a quick change in clothing. Background
noise might also hamper the algorithm’s operation.
For these reasons, image preparation and pre-pro-
cessing are required, as shown in the example on Fig-
ure. 3 and Figure. 4. The illustration shown shows the
extraction of pedestrians within 2D and 3D space.

Figure 3. Background subtraction. Source: http://vip.bu.edu/
projects/vsns/background-subtraction/fa/.

Image segmentation entails highlighting station-
ary elements. Due to the density of parking spaces
and the usage of a limited number of cameras, vehi-
cles are frequently obscured from the camera’s view.

However, this is a considerably more complicated
issue because even the human eye cannot perceive
what is behind the item blocking our view. This issue
is particularly prevalent in computer vision. Consider
the scenario in which vehicle A arrives at a full parking
lot. Vehicle A passes past rows of parked cars, always
concealed by the camera’s eye. Watershed algorithm
created by Google is later used for image segmenta-
tion [46]. For instance, the vehicle subsequently finds
a free parking spot and halts for a moment and still
is only partially visible to the camera lens (Figure. 4).
The cameras covering vehicle begin to leave the park-
ing lot, until the detected surface becomes fully vis-
ible. The camera lens then receives new information,
but it happens that the algorithm for categorizing
the received information does not take into account
vehicle. The purpose of this method is to clearly and
precisely distinguish the contours of objects from
one another. The Watershed Algorithm views pixels
as heights, with more visible pixels on higher terrain
and darker pixels shown as gaps in the ground due to
their low visibility. They can alternatively be repre-
sented in the table using the integers 0 and 1. Water
will be injected into depressions (ground gaps) to im-
prove pixel recognition. Also, these depressions, will
be forming lakes with dams in between. The manage-
ment of the dam represents the contours of the build-
ings and the shapes illustrated in Figure. 4.

r-f_uf ;

Figure 5. Image segmentation. Source: https://mi.eng.cam.
ac.uk/projects/segnet/

Categorization operations will be accomplished
by classifying things of interest, auxiliary objects, and
vehicles. We need good recognizability and segmen-
tation of the incoming input results. Since classifica-
tion of objects comes at the end, it is evident that the
input to this method is a processed image with de-
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fined contours. Classification entails locating an ob-
ject inside the group to which it belongs. As a result,
object categorization requires the training and imple-
mentation of a neural network.

REsuLTS

Based on the defined questions, we managed to
obtain the following results in the form of a concep-
tual proposal and certain initial assumptions regard-
ing the future solution.

We developed a novel pattern method called com-
bined detection of parking occupancy on chip (Com-
DPOCh). The technique described above was created
as an outcome of the performed research, and based
on it, we can propose a solution that would consist of
four phases:

1. Image preprocessing

2. Motion tracking

3. Image segmentation

4. Categorization

The primary notion of this approach is to moni-
tor movement in the parking lot. Motion can be de-
fined as the difference between two (or more) pixels
in the same scene. The simplest method for detect-
ing motion is to subtract the modified frame from
the original one. The outlines of the moving object
can then be obtained simply by identifying the dif-
ferences between the frames. To prevent detecting
movements that we are not interested in, such as
tree limb movement or light changes in the scene, we
must first investigate and then set a suitable thresh-
old that eliminates these events. The process would
be carried out using a system that included a different
scene for every OOI (object of interest). Regardless of
the objects present, each new 00l would start with
an empty scene (empty background). It would be re-
quired to undertake research on objects that piqued
our interest. Vehicles come in a variety of shapes and
sizes, and it is not uncommon for some to hide oth-
ers’ views to the point that just the roof, front, or back
of the car is visible. Even then, it will not resemble
a biker or pedestrian. This is precisely what may be
used to improve the threshold for OOL.

A simpler visualization of the algorithm and pat-
terns that are detected is shown in Figure. 5 which
consists of 5 steps with two section parts A and B,
that are explained below. At each step, there are two
images of the scene: the color image (A - parking lot

road) is the way we see it, and the black-and-white
image (B - computer detection system) is the way the
algorithm sees it. In the color image, the vehicle can
have three colors: yellow - the vehicle is in motion,
green - the vehicle is just parked, and green - the ve-
hicle was already parked on the stage.

When the item reaches the OOI threshold, we start
tracking it to the end destination Figure. 5 (steps 1-3).
The scene in the computer’s “eyes” appears to be a
black background with a white item moving across
it. When the OOI arrives at its final destination, it fol-
lows the tracks and we save its scene (steps 3 and 4).
By integrating the scenes of all OOIs, we can obtain a
global image and hence a clear picture of the number
of vehicles parked in the parking lot (step 5). This al-
lows us to determine the vehicle’s position in relation
to the parking lot as well as its proximity to other ve-
hicles.

A - Parking lot road

=G —.T—“

Figure 5. Working idea proposal for the Method in detection of
parking occupancy on chip (ComDPOCh). Source: author’s
contribution.

It often happens that the vehicle entering the
scene, vehicle A, is not visible from the camera angle
because of the vehicle already on the scene, vehicle
B, as vehicle B leaves, vehicle A becomes visible, and
the newly discovered part of the vehicle is not always
recorded at the scene when it is parked like for vehi-
cle C. One of the ways to solve this problem is the ap-
plication of the pattern for object presence detection
and basin algorithm (Watershed Segmentation Algo-
rithm) [46], which, based on the position of the ve-
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hicle, can display the newly discovered part that has
been detected. The application can be inside the ve-
hicle, as well as in the parking lot with static cameras
or in Internet of Things (IoT) devices. After detection,
the information will be saved in a special scene that
represents the detected information in the matrix co-
ordinate system that is used to save its information
for further processing.

The detection computer system shown in Figure.
5 (B - computer detection system) could be created in
the form of smaller microservices that are located in-
side the cluster and are started depending on the load
and the demandingness of the operation itself [47,
12]. The software development itself could be real-
ized by applying a modeled business process through
which the detection model is trained and tested using
the CI/CD pipeline [15, 14, 48].

Based on the proposed solution, the planned stud-
ies show how to investigate the possibility of vehicle
detection in complete darkness, high levels of illumi-
nation, when it is snowing or raining, and combina-
tions of these situations. As a result, the experiments
themselves further processes would be mimicked in
the laboratory or in a physical setting.

Another important factor that can aid in future
detection is the usage of unique colors and road
markings. With the help of the aforementioned infor-
mation, improved efficiency may be achieved in the
identification and recognition of patterns and objects
studied by the sensor during the vehicle’s movement.
By using marking with green glow paint - photolu-
minescent show on Figure. 6 we can quickly perform
the detection process itself and reduce the time re-
quired for detection and the complexity of processing
the data obtained from the environment itself.

: =i
Figure 6. marking with green glow paint - photoluminescent/
glow in the dark road & line marking. Source: author’s
contribution.

After the successful application of the mentioned
color shown on the Figure. 6, we can see the result
during the night on Figure. 7, where they are clearly
seen and noticed by the driver himself and the em-
bedded computer system inside the vehicle.

Figure 7. highlighting the effect of photoluminescent green glow

paint, which glows in the dark for road and line marking. Source:
author’s contribution.

The effective use of various strategies improves
the success of detection alongside additional soft-
ware development techniques. So that it is easier to
digest real-world information that Al cannot under-
stand without proper visualization and display in 2D
or 3D space.

Discussion

All of this leads to a suitable conversation, which
necessitates a more in-depth examination of the true
potential and needs during software and physical
vehicle testing. In accordance with the established
research framework and research questions, we can
summarize and report the findings, we came to the
following answers:

RQ1: Referring to the studied data and avail-
able information, we found a significant difference
for vehicles ranging from Level 1 to Level 5. As we
can see, 9 sensors for the first level add $300 to the
cost, whereas Level 5 and 28 sensors may run up to
$1,758. 1 anticipate that in the future, the prices of the
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aforementioned sensors will be much lower.

RQ2: We have learned about different algorithms
and the impact in detection conditions that must be
met before starting the detection process itself. We
have seen that there is a high level of complexity
within this area and the necessity of knowing differ-
ent solutions.

RQ3: Based on the research, we came to the knowl-
edge that the best detection method is the collection
of graphicinformation reflected in the reaction during
the fulfillment of certain weather conditions, lighting,
and object detection. Which can minimize the impact
of false detection can be represented by combining
the positive aspects of each of the solutions and ap-
plying them under certain favorable conditions.

CONCLUSION

In low-light settings, simpler visibility enhance-
ment strategies can improve motion detection, com-
plementing efficient classification methods and other
object detection systems. These improvements allow
for more reliable performance of the proposed solu-
tion under low-visibility conditions. Motion tracking
can alert the system to activity in the parking lot and
around vehicles, while accurate image segmentation
will further enhance vehicle detection.

We developed a novel pattern recognition method
called Combined Detection of Parking Occupancy on
Chip (ComDPOCh), which offers a promising solution
for efficient parking space monitoring. This method,
the outcome of rigorous research, forms the basis of a
comprehensive four-phase solution addressing criti-
cal challenges in real-time parking management.

The implications of this research extend to both
practical applications and future studies. Practically,
the proposed method can significantly enhance the
reliability and efficiency of smart parking systems,
particularly in urban areas where such solutions are
in high demand. Integration into CI/CD pipelines will
facilitate seamless implementation and thorough test-
ing under diverse environmental conditions. Howev-
er, legal and ethical issues, such as the suppression of
personal data throughout picture processing, remain
significant obstacles that must be solved to maintain
compliance and create user confidence.

To increase system robustness, future research
should focus on enhancing the reliability of occu-
pancy detection in tough settings such as low visibil-

ity or weather-related issues. Furthermore, a more
thorough examination of security and privacy of data
standards would assure regulatory compliance while
also enabling new applications. Addressing these is-
sues will refine the proposed solution and contribute
significantly to advancements in intelligent transpor-
tation systems.
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