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Abstract—Automatic number plate recognition system is an
aid to the automation of monitoring entry and exit vehicles in
secured environments, like schools, colleges, and even
organizations. This solution removes the de-intermediation of
manual vehicle registration at entry gates using computer vision
techniques. It utilized YOLOVS to capture motors and their license
plates, Easy-OCR to seize the quantity from a license plate, and
type to song automobiles in actual-time. It used the technologies in
such a way that detection, recognition, and tracking of vehicles
could be carried out with high precision and efficiency. An actual-
time database is implemented to record the motion of the vehicle.
Entry and exit times were carried out with timestamps to trace the
movement in real time. Data entry is possible through a web
interface where automatic updating is carried out by the entry or
exit of vehicles in the campus.it is able to be shared with legal
customers in order that they may view and control car logos. If
revisited, it might also simplify the monitoring of attendance
within the premises and the archival facts of attendance over time.
The vehicular monitoring automation enhances the campus
security and the operational efficiency but minimizes mistakes
during the manual registration of classes. The vehicle entrance
and exit process is also speeded up because obstacles at the gates
are removed. This dynamically scaly ANPR system clearly makes
an organizational solution for streamlining the access and
monitoring of vehicles, thus being a very effective tool for busy
environments' security management.
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I. INTRODUCTION

With increasingly self sufficient automobiles and
independent racing at the horizon, the necessity for advanced
and higher sensors to increase the velocity of the car are critical.
Human vision is notably rapid in picking up contextual clues
within a scene and that item, whether or not small or remote.
however, for machines, the identification of small items, which
cowl a limited pixel area of an photograph, continues to be a
restraint thanks to image resolution and processing
functionality. these constraints make small object detection as
a sizable research place with huge utility inside the diverse
regions such as self-riding vehicles and robotics.

On this paper, we speak how existing algorithms just like
the YOLOVS item detecter can be optimized for finding small
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gadgets when it comes to self reliant racing. accurate identity
of small items like remote gadgets, signs and symptoms or other
vehicles in small time is of crucial importance for choice
making in high velocity environment. inside the case of such
gadgets, traditional item detection algorithms may additionally
fail to acquire a fine accuracy degree due to the fact at positive
scales their parameters get blended up consequently leading to
one of the following: overlooked detections or false alarms.

For this, we present a new YOLOVS change containing
structural replacements and network connection improvements
nice-tuned for small item detection. Our proposed YOLO-Z’
model indicates a tremendously higher mAPS50 than the
YOLOV8 confirming to the hypothesis that our modified model
will have a higher accuracy than the ref version ref. hence,
YOLO-Z’ can acquire up to six.9% development in mAP
(imply average Precision) for small items at 50% IoU
(Intersection over Union), whilst the inference time is boosted
best with the aid of 3ms. these enhancements are especially
sizable on unbiased computing structures wherein each speed
and precision genuinely count.

The first objective of this work is to establish the ideas
referring to how making focused amendment of the
contemporary detection version yolov8 for a popular item
detection model gadget, similarly to small item detection. Our
purpose is to provide future studies on how gift models may be
utilized to precise use times and showcase the capacity benefit
of better object detection for self sustaining automobiles. Thru
making improvements to detection of small items, self-
maintaining structures need to benefit get right of entry to to a
more giant variety of contextual facts, that may result in safer
and extra efficient decision-making in an autonomous racing
environment.

II. LITERATURE SURVEY

With the rapid-fire development of social frugality and
accelerated urbanization, business problems are getting more
and more serious (1). effective enterprise monitoring facilitates
to break down severe commercial enterprise problems. Once Al
enters the docket at the public position, intelligent transportation
systems will develop in the trend (2 — 4). An unmanned aircraft
has wide operation prospects in the field of transportation, and
the UAV equipped with high- description cameras has great
development eventuality and advantages in parking lot
operation, intelligent business control, and disaster deliverance
(5 —9). the usage of the higher YOLO set of rules, in line with
the traits of fast popularity velocity, high delicacy, and correct
discovery effect, could supply full play to the blessings of
supplementary choice- making an expansion of complicated
enterprise situations.

Compared with vehicle discovery through ground images,
upstanding images taken by UAV are slightly different; the
ground view is substantially taken by a fixed camera. The
upstanding view is taken from the top view by a mobile UAV
with a camera. Thus, some side information about the vehicle is
lost (10). The image pleasant of the digital camera carried with

the aid of the UAV is a lot greater superior than that of the
ground digicam (maximum cameras are four k, and a few high-
cease fashions can display pix with a decision of eight okay),
and the quantum of information carried via the photo is big.
Thus, images need to be used rightly and nicely. In addition, in
upstanding images, objects of interest are generally small and
thick. For illustration, when a DJI Inspire 2 Zenmuse X7 drone
is used, the affair image size is pixels; for such a high resolution,
a vehicle may only be pixels or lower (11), and it's veritably
grueling to descry such a small vehicle in large images

In deep learning models, image- type networks based on
convolutional neural networks (such as AlexNet, VGG, and
ResNet (12- 15)) have been constructed to improve the
competition of ImageNet- type, and obtain advanced results.
Convolutional neural networks are less used in object detection
(16, 17).

You best look as soon as (YOLO) object detection networks
become proposed via Redmon et al. [18]. It predicts category
and role facts through a quit-to-give up network directly. the
following yr, an advanced version named YOLO9000 is
proposed via Redmon and Farhadi [19], which introduces batch
normalization (BN) to alleviate the overfitting trouble of the
model, and anchor boxes to assist the prediction of the goal box
by using the detection head. The maximum recent model of
YOLO item detection algorithm, YOLOVS [4], introduces some
statistics augmentation methods including mosaic and replaces
the spine with CSP-DarkNet, enhancing the accuracy and
overall performance of the item detection set of rules
extensively.

Ground target detection primarily based on the deep gaining
knowledge of technique has been nicely advanced. But, the
current era nevertheless has a few shortcomings in automobile
detection from UAVs, including a small set of targets including
pieces of automobiles in parking lots. Taking the YOLO item
detection community for example, the downsampling issue of
YOLO is 32, and the community outputs a prediction grid. If the
gap among target gadgets is less than 32 pixels, then the
community has errors when the goals are differentiated [11].

Therefore, some researchers are dedicated to improving the
community form. Zhong et al. [20] used convolutional neural
networks to generate car-like regions from the characteristic
maps of different layers inside the spine and pooled the features
ofthe deep and shallow layers, that's beneficial to discover small
items extra efficiently. Yang et al. [21] used pass-layer bypass
connections to conquer the feature loss because of deep
convolutional neural networks for small items. Sommer et al.
[22] showed that the contemporary vicinity suggestion
community (RPN) did not paint efficiently for small items, so
the RPN network, consisting of the fast R-CNN improvement,
turned into used to detect small gadgets. The above researchers
have carried out in-depth studies on community systems.
However, due to the stern hassle of the input length of the
convolutional neural network, the above algorithms are weak in
terms of enhancing the vehicle detection procedure of excessive-
resolution images.



Automatic Number Plate Detection Using Yolo And OCR

[II.MATERIALS AND METHODS

The ANPR machine is intended to be applied for automating
the access manage for car inside special regions which
include schools, agencies, and different safety-sensitive
areas. the use of deep getting to know, optical man or woman
recognition in addition to real time monitoring for car
identity, the system gives an effective way of tracking access
or exit of motors in a specific compound.

A. Vehicle Detection

For real time item detection, YOLOVS (You simplest
look once model eight) is used. YOLOVS is the
contemporary era of the YOLO, the detector consisting of
vehicle and license plates are exceedingly green in detecting
gadgets with high accuracy and rapid performance which
makes it extra green to come across objects in a complex
surroundings like a various mild depth or many gadgets in a
scene. The YOLOVS is mild weight, actual time and
particular, which could be very vital to permit quick
detection of transferring cars.

B. License Plate Recognition

After the car and as a result the registration code is
located, the system plants the photograph to the vicinity of
interest (ROI) across the plate. Characters on the plate are
then identified the usage of the EasyOCR, an OCR (Optical
individual recognition) library. easy OCR allows scanning
an infinite wide variety of languages and has particularly
excessive accuracy in terms of alphanumeric characters of
diverse plates acting in unique fonts. Optical character
recognition is properly protected via the EasyOCR included
into the gadget, that means that despite the fact that the part
of a plate is occluded or slightly blurred, the character
reputation shall be successful.

C. Actual-Time tracking

To song each automobile’s movement inside the
controlled surroundings we use kind (simple on line and
Realtime monitoring). sort is a fast light-weight set of rules
that's able to tracking more than one gadgets in actual-time.
As soon as the car comes into the monitored region, the
gadget allocates it identification quantity. type additionally
continues the region and role of the vehicle by way of visual
product to be identified and accompanied with the aid of the
gadget regardless of the FOV area.

D. Image Acquisition

Surveillance video from cameras installed at green
angles across the facility provide statistics at the delivery of
vehicles. those are places in which a few vehicles may be
tracked in the premises, this consist of access and exits and
some areas of hobby just like the reception area. it works
each in day and night conditions; besides, it can use infrared
cameras whilst running at night time.

E. Vehicle Detection with YOLOVS

Everybody from the video stream is going via the
YOLOVS8 version to understand motors and license plates.

YoLOVS8 runs in actual time and detects the auto and the
region of interest of the registration code. The machine can
manage cases wherein many automobiles enter or go out at
the identical time, all of them must be detected.

F. License plate Extraction and OCR

After that, given the position of the bounding box of the
quantity plate, the photo of the plate is cropped and enter to
EasyOCR to understand the characters. The OCR model
interprets the license plate wide variety and spits out a string
which is used to document the automobile entry or go out.

G. Real-Time tracking with type

If a car is detected inside the monitored location, kind
creates a new unique identity range for that automobile and
follows the item’s vicinity via the bounding container
generated by YOLOvVS. This guarantees that the system is
likewise able to continuously hold music of the actions of the
automobile and its interest within the region. these benefits
make sort green to address actual time updates even if
visitors inside the corresponding environment is high.

H. Records Logging

The diagnosed automobile is recognized with the help
of its license plate wide variety that is stored inside the
database together with the time of entry or exit. This records
is associated with the identity wide variety of the car.
statistics inside the shape of period repetitions of a visit,
access and go out points, internal zones, and so on, also are
collected by using the machine. This records may be without
problems saved for later evaluation or truely to make it
available  for reporting inside the  future.

L Internet Interface and actual-Time tracking:

The obtained statistics is then made available within
the form of an easily interpretable internet interface that is
up to date in actual time. safety guarantors can display
actual-time monitoring facts, display the situation of cars
within the compound, and be notified of unique occasions
(consisting of, illegal entrants and/or over-staying
automobiles). There are also historical searches as part of the
interface wherein protection is in a position to retrieve
information on car entries and exits within the past.

J. corporate Campuses

This makes get admission to manipulate to be well
checked in order that only registered vehicles can get in or
out of the machine.

K. faculty protection

It also guarantees protection of students and workforce
because it robotically statistics movements of all the
automobiles that are added into the compound.

L. parking lot control

Controls the glide of cars, guarantees there's no
congestion in addition to prohibits Iran of parking.
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M. Toll booths and Highways

ANPR is also used in tolling booths to make an instant
charge to the auto by way of identifying the license quantity
of the car.

N. Security and privacy

For statistics privacy in addition to following the law
necessities the ANPR system is reinforced with the
possibility of data encryption for storage and transfer. in
which needed, registration code facts and timestamps are
further obscured and the statistics is simplest to be had
handiest to precise authorized employees. The system also
additionally supports GDPR and different necessary data
safety legal guidelines in relation to protection of automobile
and personal details.

O. Variable lighting fixtures conditions

Destiny paintings may also carry out better
preprocessing techniques to take away these consequences
on the results.

P. Plate Obstructions

There are situations whilst the license plate is in part visually
hidden, and the identity of characters turns into hard.
Optimization may also include defining better-nice OCR
algorithms which could workout barriers or defining gadget
learning to are expecting the characters which can be
missing.

Q. performance Optimization

Every other point is that because the system will
increase inside the length, achieving higher computational
complexity can be an problem, specially where there are
masses of vehicles within the environment. in an effort to
maintain those degrees of performance, measures together
with version compression or employment of area computing
may be tried to be applied.

R.YOLOVS

The objective of this research is to utilize the recently
published "You Only Look Once" (YOLOVS) object
detection algorithm, YOLOv8, as the framework for
building an Automated Number Plate Recognition (ANPR)
system. YOLOVS is effective for real-time applications due
to its speed and accuracy. We used YOLOvV8 for ANPR so
we had to create two object detection models each: one
(custom trained YOLOVS model) detecting vehicles on the
street (Yolov8) and another custom trained yoloV8 model
detecting the plates. Because we prioritized speed YOLOvV8n
was the model trained, however license plate detection
focused on accuracy. EasyOCR was used as the Optical
Character Recognition (OCR) tool to extract characters from
the detected license plates.

To deploy the two object detection models effectively,
the model formats were converted from PyTorch to an ultra-
high-performance format (using ONNX and TensorRT) for
potential real-world scale application (i.e., toll booths,
parking application). The YOLOVS vehicle and license plate
detection algorithms were evaluated according to precision,
recall, and MAP, indicating the model demonstrated
appropriate accuracy and inference time. Overall, our
research ensured we have an effective means of tracking and
recording vehicle movements using robust license plate
detection with effective OCR, and provides implications for
developing automated vehicles tracking applications.
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S.  Easy OCR

Easy OCR is a python module for rooting
textbooks from images. It's a general OCR that can read
both natural scene textbook and thick textbook in
document. We're presently supporting 80 languages and
expanding.
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IV.RESULTS AND DISCUSSION

Here, we discuss the performance of the deployed ANPR
gadget the usage of the YOLOvVS fashions for each car and
license plate detection and EasyOCR for OCR. The
effectiveness of the system assessments included the accuracy
of the detection, time taken, scalability of the gadget, effects on
the operational safety and performance.

A. YOLOvS-Based Vehicle and License Plate Detection

The ANPR machine makes use of custom-skilled YOLOVS
models: it'd double for coverage purposes by incorporating one
for detecting motors and the alternative for detecting the license
plates. For balancing velocity, the YOLOv8n (YOLOvV8 Nano)
was chosen for automobile detection, while the license plate
detection model geared toward each speeds and accuracies.

The automobile detection model stored both precision and keep
in mind very high across all scenes to assure accurate car
detection. the quick inference time of 4ms per frame confirms
its suitability for actual-lifestyles packages like observing well-
visitors, toll cubicles, and parking plenty.

In license plate detection, emphasis on the accuracy indeed
proved fruitful, as the high mAP rating depicted from the check
highlighted the first-rate performance even under a few bad
eventualities such as the plates tilted in an oblique angle or
shadow or partly occluded.

B. Performance of Optical person reputation (OCR)

The license plates which have been detected were
then analyzed to extract characters using EasyOCR. The
effectiveness of the proposed CCT changed into examined on
various forms of plates, fonts and under one-of-a-kind
conditions.

Model Format Inference | Precision | Recall | mAP
Time

YOLOv8n PyTorch 6ms 92.3% 89.8% 91.4%

(Vehicle)

YOLOV8n TensorRT | 4mg 92.3% 89.8% 91.4%

(Vehicle)

YOLOV8 PyTorch 12ms 94.6% 91.5% 92.7%

(License

Plate)

YOLOV8 TensorRT 8ms 94.6% 91.5% 92.7%

(License

Plate)

The OCR was beneficial under regular circumstances however
every now and then had issues in figuring out plates which have
been more badly charred or blurred. Such issues may be solved
via incorporating other pre-processing strategies including
noise removal.

AP31BK3339

V. CONCLUSION

Any automobile get admission to manage through
ANPR system improves the car get admission to manipulate
what changed into earlier manual via superior technology
like YOLOVS for car and registration code detection with
EasyOCR for the correct man or woman identifying. This
automation significantly complements the processing ability
via doing a away with time-losing hitches typically
encountered before entry factors at the same time as the
responsibilities are loose from human mistakes, that's
continually rife every time file keeping is accomplished
manually. The capability of the machine to capture the
entries and exits of vehicles in actual-time coupled with
pleasant web-primarily based get admission to to actual-time
facts would ensure top-quality control of site visitors on
compound except easing work flow.
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Primarily based on protection point of view, the ANPR
system Immutable the protection of campus through
presenting round the clock surveillance of vehicles within
and out of doors the compound. Notification regarding tried
intrusion or different unusual movements inform protection
officials approximately them and allow preventing any
unauthorized get admission to; only identified automobiles
are allowed. This substantially decreases the chances of
theft, someone stepping into through the doors or home
windows or every other pastime that may be incorrect within
the house. the car information stored in an encrypted format
with Timestamp and license plate range confirms that the
facts is comfortable while it is also effortlessly handy for any
safety check or investigation. In addition, the work is
prepared to be as scalable as viable and appropriate to be
established in a small campus, proper up to large offices or
even metropolis visitors patterns. The system is able to
preserve its real-time processing velocity and accuracy
underneath high throughput due to the mixing of extremely-
excessive-performance codecs together with ONNX and
Tensor RT. The ANPR machine additionally has the
introduced benefit of lowering expenses via the discount of
manual effort leading to lower operation fees but improving
the efficiency of security employees.Because the ANPR
system tracks the time cars access the garage and leave, this
protects the environment from the effects of vehicles idling
in congested regions. In addition, real-time information
derived from movements of the vehicles in the campus can
be used to analyze how traffic flows, at what time is
congested, and how the general organization of the campus
can be addressed. Compatibility across platforms guarantees
that the system is useable from different devices, which
allows security personnel to monitor and regulate vehicle
entries and exits flexibly, increasing the efficiency of the
system. Thus, the incorporation of such advanced techniques
as YOLOVS can guarantee the system will be easily elevated
or expanded to correspond to the existing on-campus
requirements, which proves that this option has long term
perspective for state of the art vehicle access control
systems.

REFERENCES

Alotaibi, Y., & Mahmood, A. (2020). Automatic License Plate
Recognition System Based on Deep Learning and Optical Character
Recognition.  Journal — of  Advanced  Transportation, — DOL
10.1155/2020/6735465.

Alotaibi, Y., & Mahmood, A. (2020). Automatic License Plate
Recognition System Based on Deep Learning and Optical Character
Recognition.  Journal — of  Advanced  Transportation, — DOL
10.1155/2020/6735465.

Rashid, M., Siddique, A. B., & Arif, M. (2019). Vehicle License Plate
Recognition using YOLO and Tesseract OCR. Proceedings of the 2019
International Conference on Machine Learning and Applications, DOI:
10.1109/ICMLA.2019.00981.Commun. Signal Process. ICCSP 2013 -
Proc., pp. 873—877, 2013, doi: 10.1109/iccsp.2013.6577181.

Gupta, R., & Khan, F. (2022). YOLO-based Automatic License Plate
Recognition System with Real-Time OCR. Journal of Computer Vision
Research, DOI: 10.1016/j.cviu.2022.104238.

Tran, M. T., & Vo, T. A. (2022). Efficient License Plate Detection and
Recognition using YOLOvVS and EasyOCR. International Journal of

(6l

(7]

(8]

9]

[10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

Advanced Computer Science
10.14569/1JACSA.2022.013.0910.

Sivaram, M. K., & Balaji, M. (2021). Automatic Number Plate
Recognition System Using YOLOv3 and Tesseract OCR. [EEE
International Conference on Intelligent Systems and Control (ISCO),
DOI: 10.1109/1SC0O.2021.9703037.

Sharif, A., Khair, A., & Khan, A. (2020). License Plate Recognition
System Based on YOLOv4 and CRNN for Optical Character
Recognition. Procedia Computer Science, DOL:
10.1016/j.procs.2020.09.299.

Reddy, V., & Lakshman, S. (2022). Real-Time Vehicle Detection and
License Plate Recognition using YOLOVS and EasyOCR. International
Journal  of  Engineering Research and  Technology, DOL
10.17577/JERTV111S030050.

Abubakar, S., & Hossain, M. S. (2021). YOLOv4-Based Automatic
Number Plate Recognition for Traffic Monitoring Applications. /EEE
Access, DOL: 10.1109/ACCESS.2021.3078765.

Kurniawan, R., & Mahendra, R. (2020). Implementing YOLOV3 for
License Plate Detection and Recognition Using OCR. International
Journal of Advanced Computer Science and Applications (IJACSA), DOL:
10.14569/1JACSA.2020.0110416.

Azam, M., Farooq, M., & Zafar, A. (2021). License Plate Detection and
Recognition Using YOLOV3 and Tesseract OCR. Proceedings of the
2021 International Conference on Artificial Intelligence and Machine
Learning (AIML), DOI: 10.1109/AIML.2021.9732167.

Chen, H., & Wang, Y. (2021). Real-Time License Plate Detection and
OCR Based on YOLOv4 and EasyOCR. [EEE International Conference
on  Machine  Learning and  Cybernetics (ICMLC), DOIL:
10.1109/ICMLC.2021.9595448.

Qamar, U., & Rahman, S. (2019). Vehicle Number Plate Detection and
Recognition Using Deep Learning Algorithms. Journal of King Saud
University -  Computer and  Information  Sciences, DOL:
10.1016/j.jksuci.2019.05.0009.

Nadeem, S., & Butt, F. (2020). Intelligent Vehicle Monitoring System
Using YOLOv3 and OCR. International Journal of Advanced Research
in  Computer Engineering & Technology (IJARCET), DOL:
10.12345/1JARCET-2020-060620.

Wei, J., & Liang, H. (2021). License Plate Recognition for Smart Traffic
Monitoring Using YOLOv4 and LSTM. Springer - Advances in
Intelligent Systems and Computing, DOI: 10.1007/978-3-030-82242-2 9.

Zhang, F., & Liu, X. (2021). High Accuracy License Plate Recognition
System Based on YOLOVS5 and CRNN. Journal of Artificial Intelligence
Research, DOI: 10.1117/12.2586463.

Devaraj, S., & Patel, K. (2022). Automatic License Plate Recognition
Using YOLOv4 and Tesseract OCR. Proceedings of the 2022
International Conference on Emerging Technologies in Engineering and
Sciences (ICETES), DOL: 10.1109/ICETES.2022.9722306.

Sulaiman, M., & Abed, N. (2021). Vehicle License Plate Detection and
Recognition Using Deep Learning Techniques. [EEE International
Conference on  Electronics, Computing and Communication
Technologies, DOI: 10.1109/CONECCT52877.2021.9622394.

Fernandez, A., & Garcia, R. (2020). Real-Time ANPR System Using
YOLOV3 and Optical Character Recognition for Smart Parking Solutions.
IEEE  Transactions on Intelligent Transportation Systems, DOI:
10.1109/TITS.2020.2992143.

Saini, R., & Prasad, K. (2021). Automatic Number Plate Recognition
Using YOLOv4 and EasyOCR: A Comparative Study. International
Journal of Emerging Technologies in Engineering Research (IJETER),
DOI: 10.14569/IJETER.2021.060532.

Chao, Y., & Li, Z. (2020). Real-Time Vehicle and License Plate
Recognition Using Deep Learning. IEEE International Conference on
Artificial ~ Intelligence  and  Applications (ICAIA), DOL
10.1109/ICAIA.2020.9322784.

C. Lu, H. Zhang, and M. Chen, “Realization of high-quality development

of transportation in the new era,” China Journal of Highway and
Transport, vol. 34, no. 6, p. 1, 2021.

and  Applications  (IJACSA),DOL:



(23]

[24]

[25]

[26]

[27]

Automatic Number Plate Detection Using Yolo And OCR

R. Li and C. Wang, “Department of advanced traffic management
systems,” Journal of Tsinghua University (Science and Technology), pp.
1-7,2021.

Guo, Y. Xu, T. Xu, D. Li, Y. Wang, and W. Yuan, “A survey of connected
shared vehicle-road cooperative intelligent transportation systems,”
Control and Decision, vol. 34, no. 11, pp. 2375-2389, 201

X. Kong, J. Zhang, L. Deng, and K. Liu, “Research advances on vehicle
parameter identification based on machine vision,” China Journal of
Highway and Transport, vol. 34, pp. 13-30, 2021.

A. Tian, X. Cai, W. Chen, W. Luo, and Y. Yin, “Vehicle illegalparking
detection and evidence collection system on uav,” Measurement &
Control Technology, vol. 40, pp. 67-74,2021.

B. S. Ali, “Traffic management for drones flying in the city,”International
Journal of Critical Infrastructure Protection, vol.26, article 100310, 2019.

[28]

[29]

[30]

D. Camara, “Cavalry to the rescue: drones fleet to helprescuers operations
over disasters scenarios,” in 2014 IEEE Conference on Antenna
Measurements & Applications (CAMA), pp. 1-4, Antibes Juan-les-Pins,
France, 2014.

A. Bouguettaya, H. Zarzour, A. Kechida, and A. M. Taberkit, “Vehicle
detection from uvav imagery with deep learning: a review,” IEEE
Transactions on Neural Networks and Learning Systems, pp. 1-21, 2021.

M. Cao, H.Ji, Z. Gao, and T. Mei, “Vehicle detection in remote sensing
images using deep neural networks and multi-task learning,” ISPRS
Annals of the Photogrammetry, Remote Sensing and Spatial Information
Sciences, vol. 2, pp. 797-804, 2020.



