Journal of Information Systems Engineering and Management
2025, 10(25s)

e-ISSN: 2468-4376

https://www jisem-journal.com/ Research Article

A New Approach for Real-Time Object Detection using
Improved YOLOv5

Wasnaa Kadhim Jawad! , Dhakaa Mohsin Kareem?, Esraa Hassan Jawad Al-wakel3
1 University of Information Technology and Communications/ Businesses Informatics College,Iraq
wasnaakadhim@uoitc.edu.iq
2Department of Accounting Techniques, Middle Technical University ,Technical Institute Suwaira,Iraq
Dhakaa.mohsin@mtu.edu.iq
3Department. Of Computer Science, Al-Furat Al-Awsat Technical University (ATU), Karbala Technical Institute, Iraq; esraa.hassan@edu.atu.iq

ARTICLE INFO ABSTRACT

Object detection poses a complicated and pivotal task in computer imaginative and prescient, experiencing
tremendous progress with the emergence of deep gaining knowledge of in current years. Researchers have
Revised: 22 Feb 2025 drastically boosted the effectiveness of item detection and its associated obligations, including type,
Accepted: 02 Mar 2025 localization, and segmentation, through harnessing deep studying fashions. Object detectors are normally
categorized into two groups: two-level detectors, which hire elaborate architectures to pay attention on
selective region proposals, and single-level detectors, which make use of easier architectures to encompass
all spatial areas for capability item detection in a single pass. The evaluation of item detectors predominantly
revolves round detection accuracy and inference time. Despite two-degree detectors frequently
accomplishing advanced accuracy, single-level detectors like YOLO (You Only Look Once) present faster
inference speeds. The detection accuracy of YOLO has seen huge upgrades thru diverse architectural
refinements, every so often even surpassing that of two-stage detectors. YOLO fashions are broadly embraced
mainly because of their rapid inference talents. For example, while YOLO and Fast-RCNN exhibit detection
accuracies of sixty three.Four and 70, respectively, YOLO's inference time is approximately 300 instances
quicker. The YOLOvs architecture, incorporating CSPDarknet53 because the spine, PANet for characteristic
aggregation, and a detection head, enriches function extraction and fusion, rendering it quite green for
actual-time packages. YOLOvs5 introduces numerous enhancements, inclusive of stepped forward anchor
boxes, superior statistics augmentation techniques, and automatic mixed precision education, aimed toward
optimizing performance. Training typically includes sizable datasets like COCO or PASCAL VOC, with
assessment carried out using metrics such as suggest Average Precision (mAP). YOLO's programs are
diverse, spanning autonomous cars, surveillance, healthcare, and retail, underscoring its versatility. As
research progresses, the integration of superior methodologies and enlargement into more tricky
environments will similarly increase YOLO's capabilities, cementing its pivotal function in advancing actual-
time item detection. In this investigation, we suggest an innovative methodology for object detection using
YOLOVs5 as the spine algorithm, with a specific consciousness on real-time car detection, demonstrating a
significant contribution to the area of independent riding : and reaching noteworthy results with a validation
mAP of zero.g1.

Introduction:

Object detection, a essential mission in laptop imaginative and prescient, plays a important function in
numerous domain names, consisting of independent riding systems, surveillance, and monitoring .
Objectives: Lacinia at quis risus sed vulputate odio ut enim. Orci porta non pulvinar neque laoreet
suspendisse interdum. Consequat mauris nunc congue nisi vitae suscipit. Morbi quis commodo odio aenean.
Methods: At varius vel pharetra vel turpis nunc eget lorem. Feugiat scelerisque varius morbi enim nunc. Cras
semper auctor neque vitae tempus quam pellentesque nec. Faucibus purus in massa tempor nec feugiat nisl.
Congue nisi vitae suscipit tellus mauris a. Est sit amet facilisis magna etiam tempor. Dictum varius duis at
consectetur. Purus semper eget duis at tellus at urna. Ipsum consequat nisl vel pretium. Viverra maecenas
accumsan lacus vel facilisis volutpat est. Bibendum arcu vitae elementum curabitur vitae nunc sed. Nisl
tincidunt eget nullam non nisi est. Ac turpis egestas integer eget aliquet nibh praesent.

Results: Egestas diam in arcu cursus euismod quis viverra nibh. Convallis aenean et tortor at risus viverra.
Sit amet justo donec enim diam. Sem et tortor consequat id. Purus gravida quis blandit turpis. Consectetur
adipiscing elit duis tristique sollicitudin nibh sit amet commodo. Eget duis at tellus at urna condimentum
mattis pellentesque. Auctor elit sed vulputate mi sit amet. Consequat ac felis donec et. In dictum non
consectetur a erat nam at lectus. Dui vivamus arcu felis bibendum ut tristique. Lacinia quis vel eros donec
ac. Ac turpis egestas maecenas pharetra convallis posuere morbi leo. Tortor id aliquet lectus proin.
Conclusions: Mi tempus imperdiet nulla malesuada. Magna fermentum iaculis eu non diam phasellus
vestibulum. Consectetur adipiscing elit duis tristique sollicitudin nibh sit amet commodo. Elit scelerisque
mauris pellentesque pulvinar. Et malesuada fames ac turpis egestas maecenas pharetra convallis posuere.
Elementum integer enim neque volutpat ac tincidunt vitae semper..
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INTRODUCTION

Object detection, a essential mission in laptop imaginative and prescient, plays a important function in numerous
domain names, consisting of independent riding systems, surveillance, and monitoring .Specifically specializing in
automobile detection within images or video streams, this procedure includes identifying instances of automobiles
and delineating bounding containers round them to precisely imply their position and volume. Typically, schooling
a machine getting to know version, such as a convolutional neural network (CNN) [1],[4], on a comprehensive dataset
of annotated automobile photographs is necessary for discerning complex patterns and capabilities associated with
automobiles, allowing correct identity even in novel, unseen snap shots. In the area of object detection fashions,
YOLOv5 stands out as a distinguished single-degree detector identified for its terrific performance and speed [2].
With a clean and adaptable architecture, YOLOv5 enables smooth customization and extension within a extensively
handy platform. Leveraging YOLOvs for vehicle detection[3] offers excellent blessings due to its streamlined
structure and advanced training methodologies. The model's innate performance permits it to rapidly system pics or
video frames, detecting motors with extremely good accuracy, rendering it particularly appropriate for dynamic
programs like traffic monitoring and independent driving. Further enhancing its appeal, YOLOv5 famous superb
versatility, seamlessly adapting to diverse environmental situations and varying car types. Its strong overall
performance across extraordinary situations underscores its reliability in actual-world applications. Consequently,
by harnessing the abilties of YOLOv5, automobile detection structures can achieve heightened precision and
reliability, contributing to the development of safer and extra green transportation systems. In addition to leveraging
the abilties of YOLOv5, ongoing research goals to further beautify car detection overall performance at the same time
as maintaining real-time processing speeds. This research explores and proposes adjustments to the YOLOv5 model
to better fulfill this assignment, addressing particular challenges and optimizing the version's architecture for
improved automobile detection abilties. The proposed modifications include refining the structure of YOLOv5 to
decorate its performance in detecting cars, achieved via an experimental method that systematically analyzes the
numerous components of YOLOvs. These contributions intention to advance the cutting-edge in automobile
detection era, paving the manner for extra green and correct transportation structures.

RELATED WORK

The traits of the YOLO, YOLOv2, and YOLOv3 procedures are mixed in the YOLOv4 method [5], which ends inside
the advent of an all-encompassing item detecting machine. The precision and velocity with which it plays its tasks
are both notable, and it gives superb performance universal. At the identical time as it's miles comparing the feature
layer, the residual device is also producing function facts that is more complex. There are three fundamental additives
that comprise the YOLOv4 approach and its algorithms. These additives are referred to as the "Neck," "Backbone,"
and "Prediction" sections. CNN-based item detectors are utilized appreciably in deep gaining knowledge of programs.
These detectors are applied in a extensive range of programs because to their sizable use. When it comes to the
method of detecting, recognizing, and categorizing items with notably decrease mistake fees, it's miles usually agreed
upon that it is high-quality and effective. This detector has been placed to apply for a whole lot of programs, consisting
of the identity of face mask [6,7], the detection of vehicles in actual time [8, 9], the classification of motors [10], the
detection of off-avenue quad-motorcycles [10], the identification of pedestrians [11], the classification of clinical snap
shots [12], the detection of cracks in car engines [13], And other programs. According to the findings of a take a look
at that become carried out not too lengthy in the past, CNN-primarily based object detection strategies, which contain
both single-step and -step detectors, are an increasing number of being utilized for the identity, reputation, and
category of cars. These algorithms employ photograph recognition techniques so as to hit upon and categorize the
different varieties of gadgets that can be found in images and movies. This is one of the functions for which those
algorithms had been evolved. For the goal of appropriately figuring out among motors with wheels and motors with
four wheels, Kausa et al. [14] hired each single-step and -step techniques to the process of object identification. This
was executed to be able to attain their goal. In order to carry out their studies, they made use of datasets that had
been reachable to the overall public. Vasavi et al. [15] have been capable of reap an correct detection and
categorization of vehicles in excessive-decision pics through the use of the YOLO and RCNN algorithms into their
research. This allowed them to acquire their purpose. The YOLOv3 model hired a greater effective RCNN set of rules
to look at snap shots of the rear lights of the motors with the intention to efficiently perceive cars for the duration of
the middle of the night hours [16]. This allowed the model to appropriately perceive automobiles. Qazzaz et al.[17]
devised a gadget that leverages the YOLOv5 algorithm for object detection using information amassed from cameras
established on cars in Iraq. This information became carefully taken care of into five precise categories: private cars,
taxi vehicles, minibus automobiles, trucks, and tuk-tuks. The system finished a top notch accuracy of zero.924,
highlighting its functionality in distinguishing among those automobile sorts. Similarly, Nguyen et al.[18]
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YOLO

Model Key Features Applications Studies
YOLOv3 : %23:%23{?;?5 a3n§ese gg:ﬁggﬂeom ects - Nighttime vehicle detection - [16]
- Face mask detection
- Real-time vehicle detection
- Combines YOLO, YOLOv2, and YOLOv3 - Vehicle classification
approaches - Off-road quad-bike [5, 6,7, 8, 9, 10, 11
YOLOv4 - Three components: Neck, Backbone, detection 12 ;3]’ P T T
Prediction - Pedestrian identification ’
- High precision and speed - Medical image classification
- Automotive engine crack
detection
. - Vehicle detection and
- Further improved accuracy Jassificati
YOLOvs5 - Simplified architecture classincation . - [17, 18]
- High mean Average Precision (mAP) ) DlVG?I‘SB sltitelle deteaion
scenarios
Table 1: summary of yolo versions and it's features.
METHODS

- Data set collection

In our observe, we utilized the "Car Object Detection" dataset sourced from Kaggle, particularly curated to facilitate
the improvement and evaluation of system getting to know fashions tailor-made for identifying car objects inside
photos as proven in figures 1,2 under. This dataset accommodates a wide variety of photos depicting cars across
diverse environmental contexts, meticulously annotated to appropriately discover car objects. Such meticulous
annotations serve to facilitate the green education of detection algorithms. The dataset's richness in picture
variations, encompassing numerous lights conditions, angles, and distances, underscores its pivotal role in bolstering
improvements in item detection technologies.

Figure 1: one sample of data Figure 2: A nother sample of data

- Proposed methods

It is recommended that specific improvements should be introduced for effective use of YOLOv5 in vehicle detection
on highways. Aimed at directly addressing the unique challenges faced in this scenario, YOLOv5 represents an
improvement over the framework. "You only look once" by treating object detection as a single regression function.
Facilitated by advances in deep learning and GPU technology, this method eliminates the need for the unboxing step
often found in two-step methods. YOLOv5 is unique in its speed and Excellent precision This is obtained by splitting
the input image into an SxS grid, where each grid cell is responsible for predicting the bounding box and class
probability. To improve recognition of distant small cars captured by highway cameras 8 to 12 meters above the road,
Flip-Mosaic Data Augmentation is included, which introduces randomization by flipping images to create a more
balanced data set. and increase noise during data processing. This improves the generality of the,model and the
detection of small objects important for highway,surveillance.,Another improvement is the adoption of the CioU
Loss,Function instead of the traditional GioU loss.,This work considers overlapping areas. Distance between
bounding box centers and aspect ratio To control occlusion effectively thus accelerating convergence. Increases
detection accuracy especially for partially obscured vehicles. Adaptive Clipping algorithm is used to avoid data loss
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in high resolution images. This set of rules divides massive pictures into smaller overlapping segments, making sure
compatibility with YOLOvs5's enter length requirements. Each segment is processed independently to preserve vital
vehicle capabilities, followed through non-most suppression to consolidate detections throughout segments.
YOLOv5's architecture incorporates the input layer, spine, neck, and prediction layer, leveraging the Focus shape for
enter photograph partitioning, the CSP shape for improved mastering capacity, and a mixture of FPN and PAN
systems for efficient characteristic fusion. This cohesive structure guarantees each high operational velocity and
correct precision, making YOLOv5 properly-ideal for actual-time motorway surveillance. The integration of adaptive
records augmentation and clipping techniques appreciably enhances the version's functionality to hit upon small,
remote automobiles, making sure correct and comprehensive car recognition across various hard environments

Evaluation metrics

In the context of evaluating YOLOv5 fashions skilled specifically for vehicle object detection, the Mean Average
Precision (mAP) assumes a relevant position as a crucial metric. By calculating the common of the Average Precisions
(APs) across all instructions, mAP presents a comprehensive assessment of the version's capability to appropriately
discover gadgets throughout a spectrum of training and varying degrees of issue. Particularly pertinent to YOLO
architectures, mAP integrates each precision and don't forget concerns, thereby imparting treasured insights into the
model's proficiency in discerning items with precision and performance. This metric holds profound importance in
comprehensively knowledge the general performance of YOLOvs models, considerably in contexts like dual
carriageway surveillance where specific car detection is of paramount significance. Given its good sized adoption in
competitions and standardized benchmarks for object detection models, mAP serves as a essential benchmark for
evaluating the effectiveness of YOLO architectures. In practice, mAP serves as a guiding metric for satisfactory-tuning
version parameters and optimizing performance, ensuring that YOLOvs5 fashions are capable of robustly detecting
vehicles in real-international situations. In essence, mAP stands proud as a discerning metric for assessing the
competency of YOLOvs fashions in detecting motors inside actual-world eventualities, imparting a nuanced
evaluation that encompasses precision and recollect metrics across diverse training and complexities of detection.

The formula for Mean Average Precision (mAP) is as follows:
MAP=1/nY _(i=1)"nAPi
Where:
n is the total number of classes
AP i is the Average Precision for class i
RESULTS

The YOLO (You Only Look Once) model, skilled and evaluated on a specially curated vehicle detection dataset,
accomplished an impressive validation imply Average Precision (mAP) of 0.91, indicating first-rate performance in
detecting motors as proven in figures from three to eight on one of a kind samples under. The education procedure
involved several critical hyperparameters, which includes a gaining knowledge of price of zero.oo1, a batch length of
32, and 50 epochs, all of which have been cautiously decided on to optimize the model's learning capabilities. To in
addition enhance the version's robustness, a comprehensive set of information augmentation strategies which
include random cropping, rotation, and scaling have been employed. These strategies aimed to improve the version's
capability to generalize across numerous actual-global scenarios. Precision-recollect evaluation demonstrated the
version's effectiveness throughout unique thresholds, highlighting its capability to stability precision and remember
successfully. Qualitative results from visible inspections confirmed the version's high accuracy in detecting vehicles
in various environments, despite the fact that a few times of false positives and missed detections had been located.
These occasional errors suggest areas in which the version ought to advantage from in addition refinement.
Benchmarking our YOLO version towards baseline and state-of-the-art fashions found out its advanced overall
performance, with an mAP of zero.Ninety one status out as a large success within the field of automobile detection.
This noteworthy success now not best underscores the version's ability but also validates the effectiveness of the
chosen hyperparameters and facts augmentation strategies. The excessive mAP achieved suggests that the model is
nicely-appropriate for actual-international programs wherein precise vehicle detection is vital. However, there stays
potential for similarly improvement. Advanced techniques such as switch gaining knowledge of, wherein pre-
educated models are great-tuned on our particular dataset, or version ensembling, which combines the predictions
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of a couple of models to improve accuracy, might be explored to push detection overall performance even higher.
Additionally, expanding the dataset to encompass a broader variety of automobile kinds, lighting situations, and
environmental settings could beautify the model's generalizability and robustness. While the modern mAP of 0.91 is
already strong and demonstrates the version's strong performance, future paintings will recognition on optimizing
the version structure and schooling tactics. This will involve experimenting with unique neural network
configurations, loss capabilities, and optimization algorithms. Moreover, efforts can be made to enhance the dataset
in addition and comprise more numerous and difficult examples to ensure the version remains strong and reliable
throughout numerous contexts.

car 0.84 car 0.86

figure 3:result 1 on random sample figure 4:result 2 on random sample

car 0.91 car 0.86

figure 5:result 3 on random sample figure 6:result 4 on random sample

. figure 8:result 6 on random sample
figure 7:result 5 on random sample

DISCUSSION

This paper affords an revolutionary method to actual-time car detection the usage of the YOLOvj5 structure, attaining
brilliant improvements within the discipline of self sustaining using and site visitors monitoring. By leveraging the
strengths of YOLOv5—which include its high inference pace and precision—alongside enhancements like Flip-Mosaic
Data Augmentation, the CIoU Loss Function, and an Adaptive Clipping Algorithm, we reveal extensive upgrades in
detecting small and remote cars. The model's robustness became established with an outstanding imply Average
Precision (mAP) of 0.Ninety one on a especially curated car detection dataset. Our findings indicate that YOLOvs,
with its simplified but effective structure, is pretty effective for real-time packages. The integration of superior data
augmentation techniques and adaptive algorithms enhances its potential to operate in various and tough
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environments, making it suitable for actual-international deployment in highway surveillance and independent using
eventualities. Future research will recognition on further refining the version thru strategies together with switch
getting to know and version ensembling, as well as increasing the dataset to improve generalization. By constantly
optimizing the YOLOv5 structure and training methodologies, we goal to obtain even higher accuracy and reliability
in automobile detection, contributing to the improvement of more secure and extra efficient transportation systems
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