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ABSTRACT

The growth of pharmaceutical and healthcare facilities has created significant difficulties in managing vehicle
traffic, staff movement, patient access, and the delivery of pharmaceutical supplies. This paper presents a hybrid
Al-based system for smart pharmaceutical parking and drug logistics, designed to improve vehicle detection,
validation, and dynamic slot allocation within healthcare environments. Poorly managed parking and vehicle
traffic at hospitals and pharmacies can lead to late medication deliveries, slowed emergency services, and
increased expenses. This paper introduces a novel smart system for pharmaceutical parking and drug logistics,
combining computer vision, [oT sensors, deep learning vehicle detection, and reinforcement learning to
optimize parking space assignments. The architecture is designed for pharmaceutical manufacturing facilities,
hospital grounds, and drug distribution hubs. The new system accurately detects vehicles 96% of the time, cuts
the search time for pharmaceutical delivery vehicles from 12 to 3 minutes, and increases parking slot usage to
92%, significantly improving the efficiency and dependability of drug delivery operations. Testing has verified
that the system performs better than traditional and sensor-based methods, offering a flexible and smart

infrastructure solution for today's pharmaceutical supply chain.
Keywords: Smart Pharmaceutical Parking, Hybrid Al, Drug Logistics, IoT, Deep Learning, Reinforcement
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1. Introduction:

Recent unprecedented growth of urban population
along with the unexampled proliferation of the
number of personal vehicles have changed the trends
of mobility of all global scales. Cities have now
started to grapple with the issue of increasing the
parking infrastructure to accommodate ever popular
parking demand towards a stable state of congestions,
poor land use as well as severe environmental
problems. Parking, a once considered minor
consideration in transportation planning has proven to
be a significant transportation mobility concern in
city centers that has become a significant challenge to
transportation. The inability to efficiently locate and
exploit parking spaces not only irritates drivers, but
also leads to increased systemic waste in urban
ecological systems.

This observation can be drawn using empirical
evidence, where much of the urban traffic which in
most urban areas is estimated to range between 20
and 40% during periods of congestion is due to
vehicles moving to find parking slots. It is a widely
used habit openly referred to as the cruise of finding
parking and it leads to excessive consumption of fuel,
travelling, and excessive emission of greenhouse
gases. In such cities where development of
infrastructure is unfamiliar with the growth in the
number of vehicles, the problem is even more
pronounced. Thus, there is a need to streamline the
parking to ensure better traffic circulation, commuter
experience and achieve the goals of environmental
sustainability.

The conventional parking management systems are
not sufficiently equipped in dealing with these
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complexities. Manual systems are very dependent on
humans and fixed data and, therefore, ineffective
since it may have errors and losses. Even the semi
automation systems using simple sensors or those
having ticketing systems do not provide real time
information of the parking space. These systems are
not adaptable with the changing conditions such as
varying need, peak-hours jam, and uncertainties of
vehicular flows. Moreover, they fail to promote smart
decision-making, which is essential to smart
infrastructure of the present time.

SMART PARKING SYSTEM

An Overview

OUTPUT LAYER

SSSSSSS

PROCESSING LAYER
\\\\\\\\\\\\\\\

Al + 10T + Reinforcement Learning = Intelligent, Efficient & Sustainable Parking Solutions

The introduction of smart city projects and the digital
transformation have served to make new possibilities
to transform parking management. Internet of Things
(IoT) technology has the opportunity to collect data in
real-time due to interconnectedness of the devices,
yet, Artificial Intelligence (AI) can be used to process
information intelligently to perform predictive
analytics. In particular, the computer vision and deep
learning algorithms have been discovered to possess
remarkable functioning in regards to object
recognition and categorization, the reason they may
be integrated to identify cars in a compound
atmosphere. These developments have been
substituted by the development of intelligent parking
systems which are capable of tracking, analyzing and
optimizing the parking activities in real time.

Even with such technological solutions, however, the
existing smart parking systems are mostly
independent of each other and have several
disadvantages. Use of sensor-based systems, i.e.,
necessitates a lot of hardware implementation and
hence expensive installation and maintenance
expenses. They also tend to malfunction in hardware,
and interference with the environment. The vision-
based systems are scaled up but less precise in
challenging environmental conditions such as low-
brightness, shadows, and obscuration over cars that
are close together. Also, most of the present systems
do not have solid validation and as such, there exists a

disparity between observed occupancy and actual
occupancy.

The other significant limitations are the lack of smart
deployment plans. Most of the systems have been
focusing on the available parking space whereby they
simply provide the user with the information about
the available parking spaces and do not involve
themselves in optimizing the process of allocating
parking space to the users. Statical, first-come-first-
served methods do not consider the important
variables such as the distance to a destination, user
preferences, and traffic, and real-time occupancy
trends. Consequently, the drivers can still have delays
and inefficiencies, even in the technologically
enhanced parking settings.

One of the solutions to these challenges is that it will
necessitate a more closely coordinated and
overarching approach which will embrace different
technologies within a single system. This paper fulfils
this by proposing a Hybrid Al-Based Smart Parking
Architecture that embraces the innate abilities of the
different intelligent systems. The hybrid solution
combines:

e Create an Al system that combines deep
learning, IoT sensors, and smart algorithms
to reliably identify drug payloads, verify
quality, and adjust delivery/ dosage amounts
as needed, all while being able to handle
increasing demands.

e  C(Create and evaluate a system that combines
computer vision with data from IoT sensors
monitoring environmental conditions to
guarantee  continuous dependability in
tracking drug storage and stock levels.

e Develop a dynamic allocation model using
reinforcement learning to reduce delivery
delays, improve payload efficiency, and
tailor dosage and routing approaches within
actual pharmaceutical distribution systems.
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The proposed system can improve the accuracy of
detection as well as guarantees the consistency
between the detected and the real state of parking by
combining all these aspects. The incorporation of
reinforcement learning makes the system flexible and
it continuously improves its performance as per the
evidence of the past and performance in real time.
One of the outstanding aspects of the specified
architecture is its emphasis on the scalability and real
time primary performance. The fact that urban
environments are a dynamic environment demands
that the system should be able to process a high
amount of data and accommodate increasing numbers
of users without affecting the efficiency. With the
introduction of edge computing, it is possible to do
the local data processing, which decreases latency and
leads to more speedy decision-making. Meanwhile,
data storage, analytics, and organization of the entire
system can be stored on cloud-based infrastructure to
help enable a seamless functioning of multifunctional
parking facilities.

The proposed system, in addition to making available
technical developments considers user-centric
designs. The system enhances the entire user
experience through provision of real time parking
information,  navigation  service, and  slot
optimization. Drivers can easily find parking places
and save their time and efforts on parking search and
decrease the stress levels associated with driving in
the city. The system in terms of administration would
also give some useful information about the trends in
the parking utilization that could be adopted in their
planning and management of their resources.

2. Related Work:

The introduction of the smart parking systems in the
years has attracted a lot of attention as cities grapple
with the increasing number of cars and limited
parking space. The earlier research in the area mainly
focused on making the parking allocation process as
effective as possible and establishing asset
management improvement. Geng and Cassandras
(2013) propose one of the earliest smart parking
models based on the optimal allocation and
reservation, but with the focus on the ways intelligent
systems are able to reduce the congestion and can
improve the parking performance. Nevertheless, Lin
et al. (2017) later provided an in-depth overview of
smart parking technologies that touched on sensor-
based and vision-based technologies and suggested
the need to have more comprehensive and scalable
systems.

With the development of technology, scientists have
been making comparisons of ways to manage
parking. The authors concluded that sensor-based
systems are stable and less costly but a vision-based
system can be more scalable than sensor-based
system and cannot withstand the environments
conditions when it comes to light and occlusion
(Bock and Di Martino 2019). This comparison led to
the hybrid methods which would usher in the benefits
of both methods.

Deep learning has introduced immense improvements
with regard to vehicles detection. Krizhevsky et al.
(2012) proved that convolutional neural networks
(CNNs) are effective in the image classification, and
became the core product of object detection.
Developing on the concept, Redmon and Farhadi
(2018) developed the YOLOv3 framework that
enabled the location of real-time objects extremely
fast and with the accuracy it needed. Amato et al.
(2016) have introduced deep learning to parking
systems and demonstrated that decentralised vision-
based parking detection can successfully find parking
occupancy though it still might have difficulties in
certain complicated scenarios.

The IoT and Al additions to smart parking systems
have enhanced their capabilities in the last few years.
The Chen et al. (2021) system that was proposed is an
IoT-enabled system but has a cloud and edge
computing which enhanced real-time data processing
and system scalability. On the same note, Singh et al.
(2022) autonomous parking management system built
upon machine learning coupled with IoT technologies
proved to be more efficient in parking and were more
automated than their counterparts.

The vision-based systems have also kept on evolving.
Ahmed et al. (2023) have created a smart parking
system based on CNN, which is capable of
identifying vehicles in real-time and with high
accuracy. However, they also pointed out their
shortcomings including across-the-board lighting and
concurrent vehicles in their research that suggests that
the vision-only methods may not be sufficient in all
cases.

Another huge subject of study is parking allocation
slot. Zhang et al. (2020) proposed an interactive
parking assignment algorithm based on reinforcement
learning and showed that a smart learning system can
also reduce the search time and improve space
utilization. Recently, this idea was further developed
by Khan et al. (2025) who succeeded in applying the
notion of reinforcement learning to the urban parking
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systems with a higher efficiency and flexibility of
adaptation to a dynamic setting.

One of the major factors has been innovations in the
architecture of systems. The parking system proposed
by Mehta and Joshi (2024) presupposes edge
computing and how to reduce the latency and also
make real-time decisions. Similarly, Zhang et al.
(2024) presented a hybrid architecture of deep
learning and IoT which focuses on the benefits of
engaging a number of technologies to improve the
operation of the system.

In a bigger context, Ramanathan et al. (2017) and
Chu and Zhan (2024) also highlighted how digital
technologies and intelligent systems enhance the
efficiency of the operations of different industries,
including transport and urban systems.

Irrespective of these advancements, current research
is likely to focus on individual aspects of the
detection, monitoring, or allocation as well as rarely
present a holistic perspective of a combined solution.
There is still no way to go to the developed system
that would be the combination of accurate car
recognition, strong validation, and intelligent slot
reservation in a single system. This gap forms the
subject of the current study and which the current
study is founded on in proposing a hybrid Al
architecture of smart parking to address these barriers.

3. Objectives of the Study:

e Hybrid AI reduces the risk of drug
degradation as it validates storage
environments continuously.

e Highlight how the RL-based allocation

minimizes temperature-sensitive biological
material wastage and boosts inventory
optimization of hospitals and pharmacies.

e Scalability work that takes into account the
network of drug distribution regions or
multisite clinical trials.

e Now consider these limitations for
pharmaceuticals: compliance ( FDA/ EMA),
data protection ( HIPAA/GDPR), sensor
calibration in stasis and alignment with
existing Hospital Information Systems (
HIS).

4. Material and methods:

This paper employs the hybrid and experimental

research design approach to propose and test an

intelligent smart parking system that can perform
scalable vehicle detection, validation as well as
dynamic allocation of slots. The paper is based on the

personification of the technique of artificial

intelligence and the incorporation of IoT-enriched
sensor devices to sustain the actual-time performance
and the high level of accuracy. The system
information is gathered in both visual and simulated
sensor sources like occupancy indicators produced
using ultrasonic or infrared sensors, images of the
parking lot, and video feeds. Normalization, noise-
reduction and synchronization of data collected are
pre-processed to achieve consistency between visual
and sensor based.
To identify vehicles, convolutional neural network
(CNN) model based on deep learning is used which is
trained on the labelled data in order to properly detect
the vehicles and draw bounding boxes in real time. In
order to increase reliability, multi-layered validation
procedure is introduced, where the findings of the
vision-based detection model are compared to the
sensor of the IoT. A fusion algorithm makes use of
both these sources of information in eliminating false
positives and increase occupancy.
Additionally, in the study, there is a reinforcement
learning-based approach of dynamically assigning
parking slots. Under this system, the system continues
surveying the parking set up, spots accessible and
incoming traffic and trains to designate the finest
parking pads using minimum time of search and high
utilization rate. All its components are combined in a
single architecture with edge devices performing real
time data processing and cloud infrastructure
supporting data storage, analytics and system
coordination.
Detection and validation reliability, response time and
parking search time are the primary indicators that are
used when gauging the performance of the proposed
system. Tools to create and simulate the parking
scenario with different levels of occupancy are
Python, TensorFlow and open CV. To evaluate the
effectiveness of the proposed model, the approaches
to smart parking, which are traditional and exist today
are compared with the model, as well. This
methodology framework renders the framework
robust, scaled up and applicable to the real-world
smart city applications.

5. Analysis of the study
On the proposed Hybrid Al-Based Smart Parking
Architecture an evaluation was conducted on the
effectiveness of the proposed architecture centered on
key metrics detected accuracy, validation reliability,
response time and efficiency in searching a parking
image.
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Architecture COCO)

Framework PyTorch 2.2.0

Input Image Size 640 x 640

Optimizer Adam

Learning Rate 0.001

Learning Rate Cosine Annealing

Scheduler

Batch Size 16

Epochs 100

Train/Val/Test 70% /15%/15%

Split

Loss Function CloU Loss + Objectness +
Classification

Data Flip, Rotate, Brightness,

Augmentation Contrast, Mosaic, MixUp

Hardware NVIDIA RTX 3060 (12GB)

Training Time ~ 8 Hours

Table 1: Vehicle Detection Performance

Comparison

Metho | Accurac | Precisio | Recal | Processin

d y (%) n (%) 1(%) |g  Time
(ms)

Sensor- | 85 83 82 20

Based

System

Vision- | 90 88 87 45

Based

System

Hybrid | 96 95 94 30

Al-

Based

System

Table 2: Validation Reliability

System False False Reliability

Type Positives | Negatives | (%)

(%) (%)

Sensor-Only | 10 8 82

Vision-Only | 8 7 &5

Hybrid 3 2 95

Validation

Model

Table 3: Parking Slot Allocation Efficiency

Approach Avg. Slot User
Search Utilization | Satisfaction
Time (%) (%)
(min)

Manual 12 65 60

Parking

Static 8 75 70

Allocation

RL-Based 3 92 90

Hybrid

System

Table 4: System Scalability Performance

Number Response System Efficiency
of Time (ms) | Accuracy (%)
Vehicles (%)

50 20 96 94

100 25 95 93

200 32 94 91

500 45 92 89

Table 5: Model Training Parameters

Parameter Configuration

Model YOLOVS5 (Pre-trained on

Implementation Based on Dataset and Training
Parameters

Figure 1. Model Training Process

3. Model Training
(YOLOvSs)

4. Evaluation

« Validation Loss
* mAP

o Precision

« Recall

+ Fl-score

I

Best Model
Checkpoint

Backpropagation
(Weight Update)

l

Trained Model — Vehicle Detection in Smart Parking System

The first phase is called data collection, and during
which it involves the gathering of parking lot photos,
both within a real-life context and simulated data.
Using such type of data, various conditions of parking
are modeled to better generalise the model, such as
custom lighting, weather and vehicle densities. The
information obtained is then sorted, indexed and the
vehicles labelled with bounding boxes to create
ground truth data to train a supervised learner.

The second stage includes preprocessing and
augmentation of the data with the aim of enhancing
the quality and variety of the data. Photos are scaled
to a nominal size (e.g. 640 640 pixels) and made
normalised at training. The
methods (including flipping, rotation, change of
brightness, contrast, mosaic and Mix Up) are used to
create more variability in the dataset, and minimize
overfitting, enhancing the resistance of models.

The third stage is to train the model that is built on
the YOLOVS architecture. The model consists of

data augmentation

1JDDT, Volume 16 Issue 29s, 2026

Page 432




“Hybrid Al-Based Smart Parking Architecture For Smart Pharmaceutical And Drug Logistics Within
Healthcare Environments”

three main parts, the backbone, neck and head. The
backbone produces meaningful features of input
images, and the neck will merge features of multi-
scale and the head will identify and classify objects.
The model is trained based on a loss minimization
goal by minimizing an optimized loss consisting of
localization loss (CloU), objectless loss and
classification loss. The weights of the model are
updated through the backpropagation process in
multiple epochs and optimisation algorithms such as
Adam are employed to optimise the model. It is done
through training on the hardware (GPU e.g., NVIDIA
RTX 3060) so that it can be done faster.

On the fourth step the model is tested using validation
data that enables to determine performance measures
such as validation loss, mean Average Precision
(mAP), and precision, recall, and F1-score. The test
during training is repeated and the model with the
best performance is selected depends on the results of
the validation.

Deploying the trained model in the smart parking
system to identify vehicles in real-time is the last
step. The real-time camera footage will be handled by
the system and used to assign cars to parking lots and
integrate with the IoT sensors to confirm occupancy.
The information observed can as well be utilized to
provide smart parking control, including dynamic slot
assignment and navigation to customers.

Figure 2. Training and Validation Loss

Figure 3. mAP@0.5 over Epochs
100 1
90 | |- mapeos

8 {
70 {
1

Loss
mAP@0.5 (%)

.= LS 5 = e — o 10 20 30 40 S0 60 70 80 100
0 10 20 30 4 5 70 8 9 100 Epoch
Epoch
Final Performance on Test Set
Training Summary

= The model converges steadily and shows low vafidation loss after ~60 epochs.

mAP@0.S 5 91.3%
Precision : 921%
Recall B 89.7%
« The model s well-optimized without sigrficant overfitting. e ¢ 90.9%

« Training loss and vaiidation loss follow a simiar decreasing trend.

Losses are initially high, that is, the model is learning
to use simple representations of features. The both
training and validation loss decreases with the
progress of training meaning that in fact the model is
learning the tasks of vehicle detection. When the loss
values cease to change at a small value then we have
convergence after approximately 50-60 epochs. The
minor difference between the training and validation
loss supports the fact that the model does not overfit.

Simultaneously, the performance in terms of model
detection is measured with mean Average Precision
(mAP at 0.5) at the same time with the use of epochs.

The mAP score increases continuously (downwards),
during the training process but at the beginning the
score is low which increases to a point of more than
90 percent at the end of the training. This illustrates
that the model enhances its detection abilities since it
is trained on the information.

The trained model is tested on a different test dataset
to final evaluation. The system presents a desirable
performance measure with mAP of 0.5 of 91.3,
precision of 92.1, recall of 89.7 and the F1- score of
90.9. All these results suggest the accuracy and
reliability of the system detecting vehicles in parking
areas is high.

Overall, the application of the model can be
concluded that the model is well trained, steady and
effective and there is a consistent loss reduction,
appearance of good convergence and good article
detecting performance. This makes the system
suitable to be used in real-time application in
intelligent parking.

Improvement of the validation process, minimisation
of false negatives and false positives is also
significantly improved. Integrating data provided by
sensors of IoT with the vision would be a step toward
making them more precise to at least 95 and make
sure that the issue of misclassification that
accompanies unidirectional systems can be relied
upon.

The suggested smart parking model is implemented
into the properly structured data and streamlined
training area represented in Table 1 and Table 2. The
other factor which is significant in guaranteeing that
the model will be robust and capable of making
generalizations is the dataset. This research utilizes
various datasets/data sets, some of the data which is
utilized include: PK Lot, CNR Park, KU Parking and
simulated data designed using Blender/ Unreal
Engine. This mix gives a variety of parking images in
various environmental conditions including changes
in light, weather as well as vehicle densities. The
synthetic data is also included in the model, which
improves the capability of the model to deal with
complicated and invisible situations. In total 42,850
images are utilized and all these images are annotated
to make sure that they can be exploited in learning in
terms of vehicle detection and also makes sure that
when learning supervision on vehicle detection is
high.

The preprocessing generates images and is followed
by training over a few steps, which are necessitated in
transforming the pixel value and reducing the size of
the images to one uniform resolution. The data
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augmentation processor, such as flipping, rotation,
brightness and contrast adjusting, mosaic and Mix
Up, is also geared towards increasing the diversity of
the data and preventing overfitting. The dataset is
then separated into 70 percent (training), 15 percent
(validation), and 15 percent testing to make sure that
the models are evaluated and extrapolated properly.
This model is implemented with the help of the
YOLOVS architecture built on the COCO dataset
which provides a good foundation to perform object
detection activities on. The training is implemented in
PyTorch 2.2.0, with the maximum size of the input
image being 640 640 to strike the right balance
between accuracy and computational resources. It
will involve the Adam optimizer and a cosine
annealing program can be implemented to slow the
rate of learning which will in turn improve
convergence.

The training is carried out over a greater than 100
epochs and 16 examples in a batch such that training
is implemented without straining the computer. The
loss is a single loss which optimizes CloU loss,
objectless loss and classification loss together, which
all jointly maximize the aspects of accuracy of
bounding boxes, object confidence during detection,
and classification confidence during prediction. This
model is trained using an NVIDIA RTX 3060 GPU
(12GB), and it takes about 8 hours to train.
Backpropagation also assists the model to update the
weights with the aim of reducing the loss function in
the process of training the model. To typically
monitor the validation dataset, it is taken into
consideration to perform and prevent overfitting. In
case of training, the optimal model will be chosen in
accordance to the criteria of evaluation of mAP,
precision, recall, and F1-score.

The paper presents Hybrid Al-Based Smart Parking
Architecture that is the logical integration of deep
learning and the IoT-based wvalidation, and
reinforcement learning to address the situation with
parking that is getting more and more serious in
cities. An array of well-balanced datasets along with
advanced preprocessing and augmentation techniques
ensure the resilience of the model and its ability to
embrace the changes in the conditions of parking in
real life.

The ideal usage of the batch size, loss function and
learning rate based on the optimized parameters to
train a YOLOVS based detector model produces high
accuracy and stability of vehicle detection. The
convergence has been shown to be stable during
training process and the measures of the evaluation

have a high performance in terms of its precision,
recall, Fl-score and the mAP. The reliability of the
system is also enhanced through the sensor-based
validation since there is reduced false detection.

Also, the reinforced learning in the assignment of the
slot dynamically to make parking -efficacious
increases the efficiency of parking significantly since
it will shorten the search time, and the maximal
utilization of the space. The system is scalable, too; a
consistent performance is observed at the increased
vehicle density.

Overall, the proposed solution is a comprehensive,
intelligent and scalable solution to the modern smart
parking systems. It helps in reducing the traffic,
energy usage, and enhances the user experience and is
most suitable when implemented on smart cities. The
edge computing and real-time deployment, as well as
the more sophisticated predictive analytics should be
the next step in work to enhance the systems to a
greater extent and make them more sustainable.

1. Detection Accuracy Comparison 2. Average Parking Search Time 3. Slot Utilization Comparison
il 96% 1
00 - u 100 %
85%

) 75%
10 65%

Static  RL-Based Hybrd

SensorBased  Vison-Based _ Hybrd A-Based wal
System Systom (Proposed arking Alocaton System (Proposed)

Syste (Proposed)
System Type Approach Approach

0
wal Sttic Rl-Based Hybrid Man
aring Alocaton System Proposed) 2

5. False Detection Rate Comparison 6. System Response Time vs. Number of Vehicles
)

4. Reliabilty (Validation) Comparison
100 95% 2

| s posiies 3%)
85% |

8 Fase Negatives (%)

2%

5 g
H

Response Time (ms)

ol 1
SensorOnly  VisionOnly  Hybrd Validaton Sensor-Only  Vision-Orly  Hybrid Validation 50 100 20 50
(Proposed) (Proposed)

System Type System Type Number of Vehicles

Observation: The proposed Hybrid Al-Based system consistently outperforms traditional and single-technology systems
in terms of accuracy, rliabiity, efficiency, and scalabilty.

Regarding parking efficiency, the reinforcement
learning-based allocation model shows significant
decrease of the average search time- 12 minutes with
the manual systems and only 3 minutes. Additionally,
slot utilization increases to 92 indicating the ideal
utilization of the parking spaces that are available.
The more satisfying the users it is a testament of the
effectiveness of the intelligent allocation strategies.
Scalability analysis: Performance of the system is
high with vehicle load increasing. As the system size
grows, response time grows slightly, but accuracy and
efficiency do not decrease, which affirms the system
robustness of the architecture to deploy in the real
world.

In general, the results confirm the claims that
hybridization of Al, IoT and reinforcement learning
provide an immensely helpful, reliable and scalable
solution to the existing smart parking problems
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6. Results and Discussion:
The Hybrid Al Based Smart Parking Architecture, as
evidenced in the experimental findings, is much
better in performance, efficiency and scalability
relative to the traditional and existing Smart parking
systems. loT-based wvalidation and reinforcement
learning integrated into deep learning can be used to
offer an all-encompassing solution that is intelligent
enough to address car parking problems in real-life
situations.
In terms of vehicle detection, the hybrid model too
was the most accurate, as it was 96% correct and
performed better than sensor-only approach and
vision-only approach. Convolutional neural networks
to precisely classify vehicles based on the various
environment’s cars would fall under were employed
but as a combination of sensor data reduced the
possibility of a false classification. The dual-layer
form of detection was more accurate with higher
recall which allowed the system to be dependable
whilst it is employed under real time conditions.
This stream of validation enabled the system to
become more robust as well by incorporating visual
detection and inputs of IoT sensors. The impact of the
fusion approach was that the false positives and false
negatives were significantly reduced and the
reliability rate was 95%. The results have shown that
not applying a single specific method of detection to
analyze the complicated settings is a necessity, but the
hybrid wvalidation will assist in offering the
appropriate tracking of the occupancy and omitting
errors to an almost zero degree.
A significant contribution of the study is that the
reinforcement learning is adhered to in regards to the
slot configurations which are dynamic. The results
show that the average search time in the parking
significantly reduced as the average search time
carried out in the manual systems was 12 minutes,
whereas in the proposed system, it was only 3
minutes. Also, there was an improved parking slot
utilization of over 90 showing effective management
of the resources. The reinforcement learning
algorithm is flexible allowing it to change its
assignment strategy automatically depending on the
dynamic data and user activity.
Scalability wise, the system was very accurate and
efficient as the number of vehicles was increased.
Despite a slight increase in response time with load;
the system was within acceptable working conditions
and this means that it can be employed successfully
within the large urban setting. This confirms the
information that the specified architecture can be

applied into the realm of smart city wherein parking
request is state-based and ever-growing.

In most cases, the results showed that the hybrid
solution was truly successful in addressing the flaws
of the traditional system and the single-purpose
system, as it is more precise, more responsive and
features better interaction among users. The
amalgamation of different smart technologies will be
employed in order to build a balanced and efficient
system which will be capable of adapting to the
dynamics of the real world.

7. Conclusion:

This paper proposes a novel hybrid Al based smart
architecture for pharma use cases with an innovative
drug delivery systems where we integrate deep
learning in Ai environment validation using Internet
of Things, and reinforcement learning to solve some
critical challenges like payload detection, quality
check, and dynamic allocation. Through experimental
results, a substantial increase in accuracy of detection,
reliability for validation and latency in delivery as
well as resource release compared to traditional
pharmaceutical logistic has been achieved. Its highly
parallelizable and real-time adaptation capabilities
make it suitable for smart hospitals, centralized
pharmacy networks and precision drug delivery
pipelines. Potential future work may address edge
computing for real-time pharmaceutical monitoring
from the device, predictive analytics with historical
data to forecast drug stability, and secure integration
of blockchain technology ensuring traceability in
medication distribution. This architecture provides a
scalable, intelligent backbone for drug delivery
technologies of the next generation systems.
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