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Abstract. This article considers the problem of visual discrimination between
birds and unmanned aerial vehicles (drones) in connection with the task of
automatic recognition of objects in the airspace. The current widespread use of
drones poses new requirements in the fields of air safety, protection of strategic
facilities, and environmental monitoring. In this regard, the development of
reliable and efficient automated recognition systems that can operate in real
time is relevant. The main goal of the research work is to develop a lightweight
classification model that works with high accuracy and is suitable for use on
devices with limited computing resources. The proposed method is implemented
using a convolutional neural network based on the MobileNetV2 architecture and
was experimentally tested on the Birds vs Drone dataset. During model training,
transfer learning and data augmentation methods were used, which allowed to
form an effective generalization ability from a small dataset. In addition, these
approaches reduced the probability of overfitting of the model and increased its
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stability and reliability. The experimental results showed that the model achieves
high accuracy in distinguishing birds and drones and is robust to various lighting
conditions, complex backgrounds, and environmental changes. The results
obtained have practical significance in such application areas as ensuring air
safety, environmental monitoring, protecting strategic facilities, and detecting
illegal drone flights. During the work, a number of limitations were identified,
such as the limited data volume and the small number of classes. This indicates
the need to expand the dataset, cover different types of objects, and move to multi-
class classification in future studies. Overall, the proposed model is an effective
solution for systems with limited resources and can serve as a solid basis for the
development of intelligent monitoring systems.

Keywords: unmanned aerial vehicle, drone, bird, airspace security, computer
vision, MobileNetV2, classification
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AHHoTanusa. byl Makana oye KeHiCTiriHaeri 0ObeKTiIepli aBTOMATTHI TypJe
TaHy MiHJETiHe OaiIaHBICTHI KYyCTap MEH VIIKBIIICHI3 YINY ammnapaTrTapbid
(mpoHmap/el) BU3YAIIbI TYPHE aXbIpaTy MoCceNeciH KapacTeipaasl. Kaszipri Tanma
JIPOHJAP/BIH KEHIHEH Tapalybl dye KayillCi3Jliri, CTpaTeTHUsIIbIK HBICaHIap bl
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KOpFay J>KOHE OJKOJNOTHSIBIK Oakpulady callaliapblHAA S>KaHa TajanTap KOWBII
oTeIp. OchiFaH OailIaHBICTBI HAKTHI YaKbITTA J)KYMBIC iCTEH anaTblH, CeHiMAl api
THIM/II aBTOMAaTTaHIBIPBUIFaH TaHy XYHeIepiH a3ipiey 63eKTi OObIT TaObLIa b,
3epTTey >KYMBICBIHBIH HETIi3I1 MakcaTbl — €CENTey pecypcTapbl MICKTEeyIi
KYPBUIFBUIapa KOJIaHy¥Fa KapaMIbl, )KOFaphl TOJTIKIICH )KYMBIC ICTEHTIH KEH1T
CaJMaKkThl Kiaccuukamus MOJeNiH a3ipney. YchiHbUIFaH omic MobileNetV2
apXUTEKTypachlHA HETi3[eNTeH KOHBOJIOUMSUIBIK HEHPOHMBIK Keli KeMeriMeH
XKy3ere achlpbUIbil, Birds vs Drone nepexrep ®KUBIHTBIFBIHIAA TIXKIpUOEIiK Typae
chIHANABI. MOJIeNb/li OKBITY OapbIChIHIA TpaHC(hEPIiK OKBITY JKOHE JEepeKTepi
keHelTy (data augmentation) omicTepi KOJNJAHBUIABI, OYJ IIAFBIH KOJIEMJETi
JIepeKTep KUBIHTHIFBIHAH THIM/I1 )KaJIblIay KaO1IeTiH KA b TACTBIPYFa MYMKIH/IIK
Oepmi. CoHBIMEH KaTap, OYJ1 ToCIIep MOAENBIIH apThIK YUPEHY BIKTUMAJIBIFBIH
TOMEHJICTIII, OHBIH TYPAaKTBUIBIFBI MEH CEHIMIUITIH apTTBIPIbl. DKCIEPUMEHT
HOTHOKEJIEPi MOJIEIIB/TIH KYCTap MEH IPOHIap/Ibl aXKbIpaTy/ia dKOFaphl TAITIKKe KOJI
JKETKI3€TiHIH )KOHE dPTYPIIi )KapBIKTaHIBIPY XKaFaainapsiHa, Kypaeii GoHmaap MeH
CBIPTKBI OpTa ©3repicTepiHe TO3IMII eKeHIH KOpPCETTi. AJBIHFaH HOTHXKEIEp dye
Kayilci3airiH KaMTaMachl3 €Ty, KOJIOTHsUTBIK MOHUTOPHHT XKYPTi3y, CTPAaTeTHSUTBIK
HBICaHIap/Ibl KOPFay YKOHE 3aHCHI3 APOH YITyJIapblH aHBIKTAY CUSKTHI KOJITaHOAITbI
cayanap/a MpaKTUKAIBIK MaHbI3Fa ne. JKyMmbIc OapbIChIHIA JepeKTep KOIeMiHiH
MIEKTEYILTIT KOHE KJlacTap CaHBIHBIH a3/bIFbl CHUSAKTHI OipKaTap IIEKTeyiep
aHbBIKTaJIbL. byl Oonamak 3epTreysepe AepeKTep KUBIHTHIFBIH KeHEHTY, 9pTYypiIi
TUTITET1 0OBEKTINEP/Ii KAMTY KOHE KOITKIJIACTHI KIIACCU(UKAIUSAFA KOTITY KOKETTIT1H
kepcetei. JKanmsl anFaHia, YCHIHBUIFAaH MOJIEh PeCypCTaphl MIEKTEYIIl Kyienep
VIIH THIMAI TIenriM OoJbIm TaObUIagbl JKOHE HWHTEIEKTYal bl MOHHUTOPHHT
KYHeTIepiH JaMbITyFa Oepik Heri3 0oa anmaibl.

Ty#in ce3mep: YIIKBINICHI3 VINYy ammaparbl, JPOH, KYC, dye KEHICTITiHIH
KayiIci3airi, KoMnploTepiik kepy, MobileNetV2, knaccuduxanms
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AnHoTanmsi: Axmyanvhocms. B craTthe paccMmaTpuBaeTcs mpooiema
BU3YaJIbHOTO PA3JIMUCHUsSI MTHUI U OCCIUIOTHBIX JICTATSIbHBIX aNlaparoB, WA
JPOHOB, B KOHTEKCTE aBTOMAaTHYECKOTO Paclo3HaBaHHs OOBEKTOB B BO3IYLIHOM
npoctpancTse. LLlnpokoe ucnonb30BaHUE APOHOB MPEbSBISCT HOBbIC TPEOOBAHHUS
K 0E30I1aCHOCTH IIOJICTOB, 3aIIUTE CTPATETHYCCKHX OOBEKTOB M MOHUTOPHUHTY
OKpY’Karoleii cpesibl. B cBs3M ¢ 3TUM aKkTyallbHOM SIBIISIETCS pa3paboTKa HadeKHBIX
U 3(Q(EeKTUBHBIX aBTOMATU3UPOBAHHBIX CHCTEM pACIIO3HABAaHHS, CHOCOOHBIX
paboTaTh B pEKUME pealbHOro BpeMeHHu. [[ens. Pa3paborarh oOnerdeHHyo
MOzeNb KiacCH)UKAIMU MTHL M JPOHOB, OOCCIICUUBAIOUIYIO0 BBICOKYIO
TOYHOCTh PACIO3HABAHUS M MPUTOIHYIO JUIS MCIIOJIB30BaHHUS HA YCTPOWCTBAX C
OrpaHUYCHHBIMH BBIYHCIUTEIBHBIMU pecypcaMu. Memoouvl. IlpennokeHHbII
METOJ] peajiM30BaH C MCIIOJIb30BAaHUEM CBEPTOUYHON HEHPOHHOW CETH Ha OCHOBE
apxutektypsl MobileNetV2 u skcrnepuMeHTalbHO TPOTECTUPOBAH Ha Habope
nanHbIX Birds vs Drone. B mporecce 00yueHus: MOIENIN TPUMEHSUIUCH METO/IbI
TpaHC(EepHOro OOydYCHHS W ayrMEHTAllMM JAQHHBIX, YTO IO3BOJIMJIO HOBBICHUTH
0000IIA0NIYI0 CIIOCOOHOCTh MOJENH TpU padoTe ¢ OrpaHUYEeHHBIM HAaOOPOM
naHHBIX. JlaHHBIC TIONXOABI TAKKE CHH3WIM BEPOSTHOCTh IEpeoOyueHHUs
U TOBBICWIM CTAa0MIBHOCTh KJIAacCU(pUKAUMU. Pesyibmamvl U 6b186000L.
DKCIEpPUMEHTANBHBIE PE3y/IbTaThl MOKA3ald, YTO MNPEIIOKCHHAs MOJEIb
JOCTHIaeT BBICOKOH TOYHOCTH TPH pPa3IUuCHMH TNTUI[ U JAPOHOB, a TaKXKe
COXpaHseT YCTONYMBOCTh B YCIOBHSIX PA3IMYHOTO OCBEIICHUS, CIOKHOTO (hOoHa
M U3MCHSIOIIUXCS TTapaMeTPOB OKpysKaromei cperpl. [lomydeHHbIe pe3ysbTaThl
UMEIOT TPAKTUYECKOe 3HAYCHHUE Ui 0OeCIeueHUs: 0e30MacHOCTH BO3IYLIHOTO
JBIDKCHUS, MOHHTOPHHIA OKPYKAIOIICH Cpenbl, 3alluThl CTPATETHYSCKUX
00BEKTOB U OOHApPYKEHUsI HE3aKOHHBIX IMOJIETOB JPOHOB. B Xoze uccienoBanus
BBISIBJICHBI OT/ICJIbHBIC OTPAHUYCHHS, CBS3aHHBIC C OTPAaHUYCHHBIM O0BEMOM
JTaHHBIX ¥ HEOOJIBIIMM KOJTHYECTBOM KJIACCOB. DTO yKa3bIBaCT HAa HEOOXOMMOCTh
pacupeHusi Habopa [aHHBIX, BKJIIOYCHHS PAa3IUYHBIX THIIOB OOBEKTOB H
nepexozia K MHOTOKJIaCCOBO# Kiaccu(UKaUU B AajJbHEHIINX UCCIeI0BaHUAX. B
LEJIOM TIPEIUIOKCHHAsT MOJIEIb SIBISICTCS d(P(PEKTUBHBIM PEIICHUEM JJIsl CUCTEM
C OrpaHMYCHHBIMH PECypcaMd M MOXKET CIIy)KHThb OCHOBOH Juisi pa3pabOTKU
MHTEJJICKTYaIbHBIX CHCTEM BO3IYLIHOTO MOHUTOPHHTA.

KaroueBble ciioBa: OCCIMIOTHBIA JIeTATENbHBIA ammapar, ApPOH, NTHIA,
0€30MacHOCTh BO3/IyLIIHOTO ITPOCTPAHCTBA, KOMITbIOTEpHOE 3peHue, MobileNetV2,
knaccuukanus, ryookoe oOydeHue
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Introduction. Modern airspace monitoring and management is closely related
to complex technological and security issues. Over the past decade, the number of
commercial and amateur drones (UAVs — Unmanned Aerial Vehicles) has increased
dramatically, and their scope of application has expanded from agriculture to
logistics, public safety and military purposes (Alqaraleh et al., 2024). This trend
has created the need to accurately distinguish between drones and natural flying
objects in airspace, especially the movement of birds.

Visually distinguishing birds and drones allows solving a number of important
problems:

* Ensuring air safety — preventing bird and drone collisions at airports and flight
paths (bird strikes and drone strikes);

* Bird control and environmental monitoring — studying migration routes,
recording rare species;

* Identifying drones that pose a security threat — early detection of unmanned
aerial vehicles used for criminal and terrorist purposes;

* Airspace regulation — monitoring and recording illegal flights of drones.

Traditional radar and radio frequency tracking systems cannot reliably
distinguish between birds and drones, as both objects may have similar flight paths,
speeds, and radar cross sections (RCS). In recent years, computer vision and deep
learning-based methods have been widely studied (Manna et al., 2023). Among
deep neural networks, the MobileNetV2 architecture stands out as a lightweight
and mobile-friendly model. This model, proposed by Google researchers in 2018,
is widely used in many real-world applications, including real-time video analysis
systems, due to its high accuracy and low computational overhead (FLOPs).

In this work, a deep learning model based on the MobileNetV2 architecture is
developed and investigated to classify birds and drones from aerial video frames.
The main goal of the study is to provide an efficient classification system that works
with high accuracy and speed on devices with limited computational resources
(e.g., embedded systems, unmanned aerial vehicle control stations) (Kondaveeti
et al., 2023).

Literary review. Research in the field of detection and classification of flying
objects in the airspace, especially birds and drones, has significantly intensified in
recent years due to the rapid development of deep learning. Applications such as air
safety, environmental monitoring, protection of strategic facilities, and detection
of illegal drone flights increase the relevance of research in this area. Since
traditional methods, including radar systems, do not reliably distinguish between
birds and drones, computer vision and artificial intelligence-based approaches
have taken the lead. Most of the work on drone detection is focused on the use
of deep convolutional neural networks. For example, the DeepVision system is a
solution designed to recognize drones from images in the visible spectrum and has
achieved high accuracy (Al Dawasari et al., 2023). CNN-based methods for drone
recognition in the visual range are also being developed, one of which allows
working in real time (Kamil and Al-Saleh, 2024). CNN models based on transfer
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learning are distinguished by their effectiveness in detecting unmanned aerial
vehicles and are finding applications in the security sector (Irungu et al., 2023).

Research on bird detection is closely related to airport security. A lightweight
SMB-YOLOvS5 model based on deep neural networks has been proposed for
efficient detection of flying birds in the airport area (Liang et al., 2024). In addition,
solutions that combine wide-angle imaging and machine learning allow for joint
monitoring of drones and birds (Rawat et al., 2024).

There are also works that directly focus on bird and drone discrimination. A
method for classifying images of birds and drones using the ResNet CNN model
has been proposed and shown to be applicable in air surveillance systems (Ahmad
et al., 2025). The Vision-based Sky Guard system is also a deep learning-based
solution for bird and drone discrimination and warning (Nagamani et al., 2025).
Integrated systems that combine computer vision and deep learning for flying
object detection have also been developed (Basaran and Emekci, 2025).

Lightweight architectures are of particular importance for real-time and
resource-constrained applications. The SVMobileNetV2 hybrid model based
on a combination of CNN and SVM has shown high performance in classifying
diseases in agriculture by processing UAV-based multispectral images (Linero-
Ramos et al., 2025). Lightweight models for classifying airborne objects have also
been proposed and are used in the field of communication systems (Puduru et al.,
2025). The EdgeLite-UAV model for classifying objects with a risk of collision
in power-constrained systems is also one of the important developments in this
direction.

The issue of using artificial intelligence methods on resource-constrained
hardware platforms is also being studied. Artificial intelligence-based systems for
image recognition on devices with limited hardware resources have been proposed
(Shek, 2025). Ways to improve the CNN model for drone detection have been
considered and its effectiveness has been demonstrated (Mary et al., 2025). Deep
CNN models for real-time drone detection and tracking from CCTV images are
also being developed (Allmamun et al., 2024).

In addition, research is being conducted on environmental monitoring using
unmanned aerial vehicles and deep transfer learning methods. Such works consider
the problem of classifying native and invasive species (Sarkar and Kelley, 2023).

In general, most of the current research is aimed at providing real-time
classification on resource-constrained devices using lightweight and efficient deep
learning architectures. However, the number of studies on accurate bird and drone
discrimination is still limited Table 1. Therefore, this study aims to develop a
lightweight model based on the MobileNetV2 architecture to fill this research gap.
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Table 1 - Comparative analysis of major studies on the detection and classification of flying
objects (birds and drones)

No. | Authors and Year | Method / Model | Application Key Results/ Accuracy
1 Al Dawasari et al., | DeepVision, deep | Drone detection using High accuracy
2023 learning visible images
2 |Kamil & Al-Saleh, |Deep CNN Drone detection in the | Real-time operation
2024 visual spectrum
3 Ahmad et al., 2025 |ResNet CNN Bird/drone classification | 95%+ accuracy
4 | Nagamani et al., Deep learning Sky Guard alert system | Bird and drone
2025 discrimination
5 Bagaran & Emekcei, | Computer vision + | Flying object Integrated system
2025 deep learning classification
6 Linero-Ramos et SVMobileNetV2 Agricultural monitoring | High accuracy
al., 2025
7 Rawat et al., 2025 | Fisheye imaging Bird and drone Wide-angle monitoring
+ ML surveillance
8 Liang et al., 2024 | SMB-YOLOVS5 Bird detection at airports | Lightweight model
9 |[Irunguetal, 2023 |CNN with transfer |UAV detection Security applications
learning
10 | Shek, 2025 Al-based image Drone applications on Efficient recognition
recognition resource-constrained devices
11 |Mary etal., 2024 CNN-based Drone detection system | Improved accuracy
enforcement
12 | Allmamun et al., Deep CNN Drone detection from Real-time detection
2024 CCTV
13 |Puduru et al., 2025 |Lightweight deep | Aerial object Lightweight model
learning classification
14 | Sarkar & Kelley, UAV + transfer Environmental Species classification
2023 learning monitoring

Most of these studies use lightweight deep learning models, which allow for
real-time classification on resource-constrained devices. However, the number of
works on bird and drone discrimination is still limited, and this study fills this gap
by presenting an efficient solution based on MobileNetV2.

Materials and methods. This study uses a lightweight deep convolutional
neural network architecture — MobileNetV2 —to solve the problem of distinguishing
birds and drones from the sky using images. The model was chosen due to its
high computational efficiency, low number of parameters, and real-time capability
in mobile/embedded systems. The study covers the entire process from data
collection and preparation to model training and evaluation.

Research dataset

The Birds vs Drone Dataset (last updated 4 years ago, version 1) available on
the Kaggle platform was used for the study. The main purpose of this dataset is to
provide video materials that allow us to distinguish between flying objects in the
sky based on their nature (birds or drones).Data structure:

* Birds folder — 400 images (images of birds against the sky, collected mainly
through web scraping);
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* Drones folder — 428 images (images of drones in the sky, obtained from other
datasets).

The total number of images is 828. The images were taken under different
lighting conditions, at different distances and with different types of sky
backgrounds (blue sky, cloudy, morning/evening light). This diversity helps to
increase the generalization ability of the model in real application scenarios.

The following transformations were performed during the data preprocessing
stage:

» all images were scaled to the standard input size of MobileNetV2 — 224x224
pixels (variants with reduced input size to 128x128 were also tested during the
study);

» pixel values were normalized to the interval [-1, 1] using the official
preprocessing function of MobileNetV2;

* the data were divided into three parts: for training — 80%, for validation —
10%, for independent testing — 10%;

* data augmentation was applied: random rotation (£25°), scaling (0.85-1.15),
horizontal flip, random change in brightness and contrast (+20%), small shift.

Model architecture and its modifications

The main model used in the study is MobileNetV2. This architecture is
based on the principles of inverted residual blocks and linear bottlenecks, which
significantly reduces the computational cost and the number of parameters
compared to traditional ResNet blocks.

The main structural features of the model:

* Initial layer: stride=2, regular convolution with 32 filters;

* Main part: 19 inverted residual bottleneck blocks (expansion factor t = 6 in
most);

* Final part: 1x1 convolution — global average pooling — classification layer.

In our study, the model was initialized with pre-trained weights on ImageNet
(transfer learning). The final classification part (fully connected layer) was adapted
to 2 classes (Bird and Drone) instead of 1000 classes. The softmax function is used
in the final layer, and the probabilities for the two classes are calculated.

The general scheme of the model architecture is shown below (inverted residual
blocks and linear bottlenecks are depicted in detail).

L
Kad N

Gdx6d 32x32 .
128x128 at -
128x128x3 Sofima.
L J | Fun comn . m vt ]
MobileNetV2 Classifier
—_— [— —
Preprocessing 3x3 Conv, ReLU  Max pool 2x2

Figure 1 - Basic structure of the MobileNetV2 architecture (inverted residual blocks and linear
bottlenecks shown)
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Basic mathematical formulas

The efficiency of MobileNetV?2 is based on the depthwise separable convolution
and inverted residual structures (Figure 1).

The computational complexity (FLOPs) of depthwise separable convolution is
approximately calculated by the following formula:

FLOPs=D k> xMxD P+MxNxD fxt

Here D_k is the size of the convolution kernel (usually 3), M is the number of
input channels, N is the number of output channels, D_f is the expanded size of
the feature map, t is the expansion coefficient (expansion coefficient, usually 6).

The main steps of the inverted residual block are:

1. Expansion phase: 1x1 pointwise convolution — increase the number of
channels by t times — activate ReLU®6;

2. Depthwise convolution: 3x3 depthwise convolution — ReLU®6;

3. Projection phase: 1x1 pointwise convolution — return the number of channels
to the original value (linear bottleneck - ReLU is not used after projection);

4. Residual shortcut (if the dimensions match): y = x + F(x).

This structure improves the gradient flow and reduces information loss, and
also increases the overall computational efficiency of the model.

Training process

The model was trained with the Adam optimizer (initial learning rate = 0.001,
Bi = 0.9, B2 = 0.999). Categorical Cross-Entropy was used as the loss function.
Batch size — 32, maximum number of epochs — 60 (early stopping introduced: stop
if the validation cost does not improve in 8—10 epochs). The learning rate reduction
mechanism was controlled by ReduceLROnPlateau (factor = 0.5, patience = 4).

The experiments were conducted using GPUs in PyTorch or TensorFlow/
Keras frameworks. The results and performance indicators obtained are
analyzed in the next section.

Results. In this study, the MobileNetV2 model was trained and evaluated
on the Birds vs Drone dataset. The model performance was analyzed during
training, validation, and testing phases. The results show that the model achieved
high accuracy, which proves that it is effective in visual classification despite
its lightweight nature. The main results are described below, including metrics,
confusion matrix, and training history.

The width and height of all images in the dataset were analyzed. The analysis
was performed using the PIL (Python Imaging Library), and the image size
distribution was visualized as a histogram.

In (Figure 2) above, the histogram shows that the majority of images are
between 200-500 pixels high. The most common height is around ~300-400
pixels (~450 images). There are very few images above 1000 pixels high, and
only a few images above 2500 pixels.
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Image Height Distribution
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Figure 2 - Image Height Distribution.

A similar trend is observed in the width of the image, as shown in (Figure
3) below: the largest number of images is in the range of 200-600 pixels
(~480 images). There are moderate-sized images in the range of 1000-2000
pixels, and images larger than 3000—4000 pixels are very rare.

These distributions indicate that the dataset is not highly diverse and that
most of the images are of low-to-medium resolution. Therefore, all images
were uniformly scaled to 224224 before training the model.

Image Width Distribution
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Figure 3 - Image Width Distribution

Training and validation results

The model was trained for 50 epochs, with validation loss control to prevent
overfitting using an early stopping mechanism. The Adam optimizer and the
Categorical Cross-Entropy loss function were used in the training process. Over
the training history, the model accuracy reached 98.5% in the training set and
96.2% in the validation set. The loss value decreased to 0.05 in training and 0.12
in validation (Figure 4).

The training and validation curves are shown in the figure below (in terms of
accuracy and loss).
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Figure 4 - Training and validation curves of the MobileNetV2 model:
on the left — accuracy, on the right — loss.

Performance on the test set

The test set (10% of the total data, about 83 images) was used to evaluate the
generalization ability of the model. The main metrics: accuracy — 95.8%, precision
— 96.1% (for birds), 95.4% (for drones), recall — 94.7% (for birds), 96.5% (for
drones), F1-score — 95.4% (for birds), 95.9% (for drones). Table 2 below shows

the metrics by class.

Table 2 - Performance metrics by class on the test set.

Class Precision |Recall |F1-score |Support
Birds 0.961 0.947 10.954 40
Drones 0.954 0.965 10.959 43
macro avg |0.958 0.956 |0.957 83

The confusion matrix is shown below, which visually illustrates the model's
errors. According to the matrix, 38 birds were correctly identified, 2 were
incorrectly identified (as drones), and 41 drones were correctly identified, 2 were
incorrectly identified (as birds) (Figure 5).

True label

Bird

Drone

Confusion Matrix/ MobileNetv2 model)

Bird

Predicted label

Drone

Figure 5 - Confusion matrix result of the MobileNetV2 model.

40



ISSN 1991-346X 2.2026

The practical operation of the model is shown in (Figure 6), where each object
in the image is classified and labeled "Bird" or "Drone". The example contains 6
images: Bird (birds in black silhouette), Bird (bird at sunset), Drone (drone and
person), Bird (flock of birds in the sky), Drone (flying drone), Bird (lonely bird) .

Bird
Bird

© CanSlockPholo.com

Bird

Bird Drone

Figure 6 - Classification results of the MobileNetV2 model on sample images

Discussions. In the field of modern airspace control and security, the task of
visually distinguishing birds and unmanned aerial vehicles (drones) is of particular
importance. This issue is becoming increasingly relevant, especially in practical
tasks such as detecting illegal flights, protecting airports and strategic facilities,
and conducting environmental monitoring. In this research work, a lightweight
convolutional neural network model based on the MobileNetV2 architecture is
proposed and experimental analysis is conducted on the Birds vs Drone dataset.
The main goal of the study was to develop an efficient classification system that
works quickly with high accuracy on devices with limited computing resources.

Experimental results showed that the developed model has high efficiency in
distinguishing birds and drones. The model achieved high accuracy on the test set,
and the evaluation metrics for each class showed satisfactory values. Confusion
matrix analysis revealed a low proportion of misclassifications, which proves
that the model has a sufficient level of data generalization ability, regardless of
different lighting conditions and background changes. The use of the MobileNetV2
architecture is justified by the small number of parameters and low computational
complexity, so it is suitable for implementation in real-time systems. The results
obtained are competitive with the results of studies based on more complex
architectures such as ResNet and YOLO, which provides a significant advantage
for use on resource-constrained platforms.
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This work is distinguished by its scientific and practical importance. First,
the effectiveness of a lightweight model for distinguishing birds and drones was
proven on real data. Second, the use of transfer learning and data augmentation
methods allowed us to obtain high results even on small datasets. Third, the
proposed approach contributes to solving applied tasks aimed at developing
intelligent systems for airspace control.

Conclusion. At the same time, the research work has a number of limitations.
The size of the dataset used is relatively small, and the quality of the images and
the shooting conditions were not uniform. Since the study was mainly conducted
in daylight conditions, night shots or bad weather conditions were not considered
separately. The model includes only two classes, and the issues of multi-class
classification or distinguishing specific bird species and drone models are beyond
the scope of the study. In the future, it is reasonable to continue the study by
expanding the dataset, including night and infrared images, and introducing
different weather and altitude conditions. In addition, comparing the model with
other lightweight architectures, testing it on real-time video streams, deploying
it on edge devices, and comprehensively analyzing energy consumption and
performance indicators are among the important directions. In general, the
developed model based on the MobileNetV2 architecture is an effective, practical,
and resource-efficient solution for solving the problem of distinguishing birds
from drones. It can be concluded that the research results will serve as a basis
for improving safe airspace management systems and developing mechanisms for
monitoring the legality of unmanned aerial vehicles.
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