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Abstract. The paper presents the development of a real-time recognition and
classification model for unmanned aerial vehicles (UAVs) and birds based on the
YOLOV10 neural network. This research is highly relevant due to the increasing use
of UAVs in various domains and the associated security challenges. A dataset of 7580
images was compiled from both proprietary UAV flight footage and open sources
such as Roboflow, Ultralytics HUB, and Kaggle. The data were annotated, augment-
ed, and split into training, validation, and testing sets using the Roboflow platform.
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Model training was performed on an NVIDIA GeForce RTX 4080 GPU using the
Ultralytics framework. The resulting model achieved high accuracy, with mAP50
and mAP50-95 scores exceeding those of previous YOLO versions. The network
also demonstrated strong capabilities in object segmentation and tracking, making
it a promising solution for optoelectronic surveillance systems. The findings of this
study may be valuable for developers of UAV and bird detection technologies and
contribute to enhanced safety in sensitive environments.

Keywords: neural networks, classification, recognition, o ptoelectronic sur-
veillance channels, UAVs, YOLO, convolutional neural networks
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anmapatTapbl (¥¥A) MeH KycTapiabl TaHy XoHe d>kikrey wmomenin YOLOvIO
HEHWPOHJIBIK JKEJIiCl HeTi3iHAe 93ipiiey KapacThIpbLIabl. 3€PTTEY TaKbIphIObI ¥ Y A-
HBIH OPTYPJTi caayiapjia KeHiHEH KOJIJJaHbLTY bIHA )KOHE COFaH 0aiJIaHbICThI KAYITICI3/TIK
MOCEJIeNepiHiH  ©3CKTLIIriHe OalIaHbICTBI MaHBI3ABl OOJBINM  OTHIp. Mojaenbi
OKBITY yiIiH 7580 OeitHeneH TYpaThiH JEPEKTEp >KUBIHBI KYpbUIAbl. by Oeitnenep
aBTOpJbIK ¥¥A ymry ka30anapbiHaH >koHe Roboflow, Ultralytics HUB, Kaggle
CUSIKTBI allIbIK Ke3AepJeH KHUHaIAbL. [lepekTepail aHHOTaLuMsAIay, ayrMEeHTalusIay
JKOHE OJIap/bl OKBITY, TEKCepy KOHE TecTUIey JKHUBIHThIKTaphiHa 0oy Roboflow
maTdopMackl apKbuTbl JKy3ere acweipbuiibl. Monens NVIDIA GeForce RTX
4080 rpadukansik mporeccopsl HeriziHme Ultralytics KypbUIBIMBIH Tali1aaHbIIT
OKBITBIIABL. HoTmkecinae ansiaran Mmoaenb mAPS0 sxore mAPS50-95 kepcetkimrepi
ooiipiama YOLO-HBIH anabIHFBl HYCKAJapblHAH aChIl TYCETIH KOFApbhl JOJIKTI
kepceTTi. COHBIMEH KaTap, OyJI MOjellb OOBEKTUIep/li CETMEHTTEY JKOHE OaKbLIay
TaIChIPMaJIapbIH JKOFapbl THIMIUTIKIIEH OpBIHAAM ajJaThIHBIH KOPCETTI, OYJI OHBI
OTITHKAJIBIK-3JICKTPOHIBIK OaKblIay >KyHesnepi YIIiH MepCreKTHUBAIbI MEHTiM eTe/I.
3eprrey HoTkenepl ¥ YA MeH KycTap/bl aHBIKTAY JKYHeJIepiH da3ipiaeymiiep yiiiH
naiianel 00BN, CTPATErHsUTBIK MaHbBI3Ibl HbICAHAAPAFbl KAYITICI3IIKTI apTThIpyFa
BIKITAJ €Tyl MYMKIH.

Tyiiin ce31ep: HEHPOHIBIK JKEIIEP, KIKTEY, TaHYy, ONTUKAIIBIK AJICKTPOHIbI
6akputay apHanapbl, UAV, YOLO, KOHBOMIOIHUSIIBIK HEHPOHIBIK YKETIep

Hoiiexco3nep ymin: B.B. Cementok, N.I. Kypmames, B.B. Cep6un, JI.b.
Kypmamesa, A.E.Anuns6exoB. YOLOV10 Helipaik >KENUTITiHIH HETi31HJe HaKThI
yaKbITTa YIIKBIIICHI3 aBUAIMSHBI TaHY MOJIENIH d3ipiey // XalbIKapalblK akiapar-
TBIK KOHE KOMMYHUKAIUSJIBIK TeXHOJIOTHsIIap >kypHaibl. 2025. Tom. 6. Ne 24, 320—
332 oet. (Arbun). https://doi.org/10.54309/1J1CT.2025.24.4.019.
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AnHoTanusi. B ctathe mpeacraBineHa pazpaboTka MOJENH PaclO3HABAHUS
u Kinaccupukauu OecnmUIOTHBIX JeTartenbHbiXx ammapatoB (BIIJIA) u nrum B
pexuMe peaibHOro BpeMEeHH Ha ocHOBE HeiipoHHOM ceth Y OLOV10. AkTtyanbHOCTb
uccienoBaHus OOyclOBIeHAa pacTymuM wucnonb3oBanueM BIIJIA B paznuuHbIx
cdepax U BO3HUKAIOLIUMHU, B CBSI3H C 3TUM BOMpocaMu obecreyeHus: 6€30MacHOCTH.
Hnsa obydyenust monenu Obim chopmupoBaH natacer u3 7580 wu300pakeHMid,
COOpaHHBIX Kak M3 COOCTBEHHBIX apxuBOB MonétoB BIIJIA, Tak M U3 OTKPBITHIX
UCTOYHUKOB, BKkItouas Roboflow, Ultralytics HUB u Kaggle. Annotuposanue,
ayrMeHTalusl U pa3OueHne AaHHBIX Ha OO0yYarollylo, BAIUJAIIMOHHYIO U TECTOBYIO
BBIOOPKHU OBUIM BBIMOJHEHBI C UCTHoOdb30BaHuEM Iuiatdopmbl Roboflow. OOyuenue
MoJienu npooauiiock Ha rpadudeckom mnporeccope NVIDIA GeForce RTX 4080
c npumeHeHneMm (peiimBopka Ultralytics. [TonyuenHnas mojenb mokasana BBHICOKYIO
TOYHOCTb, ITpeB30K s npeapiaymue sepcun Y OLO no merpukam mAP50 u mAPS50-
95. Takke ObUTa IPOAEMOHCTPUPOBAHA BHICOKAs 23PPEKTUBHOCTH B 3a7a4aX CErMEH-
TallMd ¥ TPEKUHTa OOBEKTOB, UTO JeNaeT €€ MEPCIEeKTUBHBIM PEIICHUEM Jsl CH-
CTeM ONTHKOXJEKTPOHHOTO HabmoneHusi. Pe3ynpTaTsl MccneaoBaHus MOTYT ObITh
MoJIe3HbI pa3padorunkaM cucteM obHapyxkeHus BIUJIA u ntun u cnocobcTBOBaTH
MOBBILICHUIO YPOBHs 0€30MaCHOCTH Ha OXPaHSAEMbIX O0BEKTaX.

KiloueBble ciioBa: HEHpOHHBIE CETH, KiaccU(HKAIMs, pacro3HaBaHHE,
ONITHUKOANEKTPOHHBIE KaHanbl Habmonenus, BIIJIA, YOLO, cBepToyHble HEHPOHHBIE
CeTH

Jas uutupoBanus: B.B. Cementok, U.I'. Kypmames, B.B. Cep6un, JI.b.
Kypmamesa, A.E. Anunb0ekoB. PazpaboTka Mojenu pacno3HaBaHusl O1ia B pesKUMe
peallbHOTO BpeMEHU Ha ocHoBe HelpoHHO# cetn YOLOV10 // MexayHapoaHbIit
KypHaJI UH(POPMAIIMOHHBIX U KOMMYHHUKAIIMOHHBIX TexHonoruit. 2025. T. 6. No. 24.
Crp. 320-332. (Ha anr.). https://doi.org/10.54309/1J1CT.2025.24.4.019.
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Kondaukr uHTepecoB: aBTOpHI 3asiBIAIOT 00 OTCYTCTBUU KOH(QIHMKTA
UHTEPECOB.

Introduction

Real-time recognition of unmanned aerial vehicles (UAVs) through surveil-
lance cameras using neural networks and visual detectors is an urgent area for sci-
entific research. This is driven by the need for public and state security, as UAVs
are now being actively used for illegal activities including espionage, smuggling de-
livery, and combat raids. UAV recognition detection systems are designed to detect
such threats in a timely manner and respond appropriately to neutralize them. They
also play a significant role in protecting critical infrastructure such as airports, power
plants and government buildings where there is a substantial risk of potential attacks.

Real-time drone recognition helps enforce flight regulations and control re-
stricted areas. This is especially important when there are strict requirements and re-
strictions on the use of UAVs in certain areas, such as military bases and private terri-
tories. Modern neural networks and machine learning algorithms can process copious
amounts of data, which provides high accuracy recognition and opens new opportu-
nities for developing effective monitoring systems. Such systems can be integrated
with existing video surveillance systems, making them more affordable and efficient.
The algorithms used as software modules for UAV detection and recognition in opto-
electronic surveillance channels are YOLO, Faster R-CNN, and SSD. In (Alkentar et
all., 2021: 19-31), the authors found that single-stage YOLO detectors and two-stage
Faster R-CNN algorithms compared to SSD provide better accuracy of UAV recog-
nition, while the latter algorithm is also effective in target detection tasks. However,
according to the research results presented in (Seidaliyeva et all., 2020; Singha et all.,
2021). trained YOLO models outperform Faster RCNN in terms of accuracy metrics
and speed (frames per second - FPS), which makes the former algorithm more prom-
ising for real-time UAV and bird recognition and classification tasks. Considering the
recent advances in the improvement of UAV recognition models based on the YOLO
algorithm, we should mention the works (Seidaliyeva et all., 2020; Muzammul, et
all., 2024: 1-1). In (Seidaliyeva et all., 2020), the authors prepared a dataset in the
form of UAV images for training the YOLOV2 neural network. As a result of training,
the model reached the maximum value of mAP50 (average accuracy at the threshold
of intersection of bounding boxes 50 %) - 0.75. In (Alsanad et all., 2022), the authors
studied the features of UAV recognition by YOLOV3 neural network models. By
evaluating the qualitative performance of the trained experimental model, it is pro-
posed to introduce densely connected modules to improve the inter-layer connectiv-
ity of convolutional neural networks, thereby improving the accuracy and FPS. As
a result, the proposed model demonstrated mAP50-95 values of 0.36 and 60 FPS,
which outperform the original YOLOV3 model by 0.03 and 24.45 FPS, respectively.
The mAP values presented in (Seidaliyeva et all., 2020; Alsanad et all., 2022) are not
equivalent, as mAP50-95 (Alsanad et all., 2022) defines the average accuracy at the
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95 % bounding box crossing threshold, which implies comparatively lower values
compared to mAP50. A better model of the YOLO architecture, YOLOV4, is used
in (Singha et all., 2021), where the authors achieved mAP50 values of 0.75, which
is consistent with the results of (Seidaliyeva et all., 2020). However, the YOLOv4
models can be considered preferable to the YOLOv2 algorithm primarily due to its
higher FPS, which is important for recognizing small objects such as UAVs in real
time. In (Al-Qubaydhi et all., 2022; Aydin et all., 2023), YOLOvVS5 was used as a pre-
trained neural network, which is currently considered to be the most popular model
of the YOLO architecture for solving the problems of recognizing and classifying any
objects from a user’s dataset, with training and inference available on the CPU. The
neural network from the first paper (Al-Qubaydhi et all., 2022; Aydin et all., 2023),
achieved a mAP50 value of 0.947, while the authors from trained the model to a
mAPS50 value of 0.904. The paper (Zhai et all., 2023) presents the results of training
more advanced versions of YOLO:

- YOLOvVS5: mAP50 - 0.912;

- YOLOX: mAP50 - 0.887;

- YOLOV7: mAP50 - 0.524;

- YOLOv7-tiny: mAP50 - 0.85;

— YOLOVS - 0.953.

However, the authors [7] did not provide the performance of the mAP50-95
metric, which can provide more reliable information about the quality of UAV recog-
nition and detection. In 2023, Ultralytics presented an improved algorithm, YOLOvV9
(Li et all., 2024). By incorporating programmable gradient information (PGI) and an
efficient layer aggregation network into the architecture, this model will limit the loss
of information in successive layers of a deep neural network. YOLOV9 like previous
versions utilizes a non-maximal suppression (NMS) algorithm in the post-processing
stage, designed to remove unnecessary object bounding boxes. Its use often discards
useful predictions and increases computational cost, which is detrimental to the detec-
tion and recognition performance of small and maneuverable objects such as UAVs
and birds. In this paper, a YOLOv10 model will be trained, which by incorporat-
ing new post-processing techniques from the DETR architecture (Muzammul, et all.,
2024: 1-1), is hypothesized to increase the recognition and classification accuracy of
UAVs and birds. As an analytical accuracy parameter that guarantees the effective-
ness of the developed model, mAP50-95 is chosen.

Materials and methods

A more advanced model for real-time recognition and classification of UAVs
and birds is based on the YOLOvV10 algorithm. YOLOvV10 is a neural network based
on two key principles: training the model without NMPs and designing based on ef-
ficiency and accuracy. The first concept is provided by integrating the advantages of
neural networks of the DETR architecture, namely the use of dual label assignment
and a consistent metric for matching predictions (Figure 1).
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Fig. 1. Concept of the YOLOvV10 Model

The dual purpose of labels is defined by the architectural solution of using
two Heads, where the first Head performs One-to-One matching (provides only one
prediction to each benchmark from the user dataset without the use of NMPs) and the
second Head performs One-to-Many matching. By utilizing the One-to-Many branch,
comprehensive and tight control is provided to ensure that accuracy is maintained.
Throughout the training phase, both Heads are used simultaneously, except for the
Inference (prediction) phase. At this stage, only the One-to-One branch is used, this
decision is made to reduce computational cost while maintaining the accuracy and
efficiency of the model. To guarantee the coincidence of the forecasts of the two
branches, a consistent metric (or matching metric) is used. The principle of operation
of this metric is described by equation (1):

m(a,b) =d -p®-loU(B,B)” (D

where m is the corresponding accuracy metric (“One to One” or “One to
Many”), d is the degree of localization of the prediction reference point within the
instance, p is the classification score, a and b are the parameters defining the classi-
fication and localization tasks, respectively, IoU is the parameter defining the area
of overlap between the predicted and actual frames, is the bounding boxes of the
prediction and the instance, respectively. Matching the metrics of both branches
ensures that the best samples are matched, thus comprehensive learning control is re-
alized. Designing a performance-based model involves facilitating the classification
channel by using two depth-separable convolutions followed by a 1x1 convolution
(point convolution). The point convolution allows increasing the number of channels,
while the depth convolution reduces the spatial dimensions, such a solution allows
reducing the computational cost, as well as preserving more useful information in the
downsampling stage. The accuracy orientation of the model is ensured by increasing
the dimensionality of kernels in deep convolution layers, as well as by using the par-
tial self-awareness module (PSM).

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (D
International License

326



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Is. 4.

YOLOVI10 supports 6 scales depending on the limitations of the computational
resources of the hardware. The YOLOv10m version, which represents a medium ver-
sion for universal use, is chosen for the experimental study. The training dataset used
for the YOLOv10m model consists of 7580 images, comprising two balanced classes:
UAVs and birds. The dataset was assembled from a combination of open-source re-
positories (Roboflow, Ultralytics HUB, Kaggle) and proprietary UAV flight footage
collected in field conditions. The selection process deliberately incorporated diverse
environmental conditions, including different lighting levels, backgrounds, and ob-
ject scales, to ensure the model’s robustness and generalizability. To further improve
variability and mitigate overfitting, a custom Python-based augmentation script was
developed. It performed operations such as horizontal and vertical flipping, rotation,
blurring, contrast and brightness adjustments, noise addition, and scaling transfor-
mations. These augmentations were applied selectively based on class and environ-
mental context. The dataset was then annotated, augmented, and split into training,
validation, and test sets in a 70/20/10 ratio using the Roboflow platform.

Training, validation and testing of the model (Fig.2) YOLOvIOm is real-
ized based on AD103 graphics processor of NVIDIA GeForce RTX 4080 graphics
card with support of CUDA Toolkit 12.1. The program code in Python language is
implemented in PyCharm 2024 environment using Ultralytics framework, which
allows using the open-source resource of pre-trained YOLOv10 models. The follow-
ing hyperparameters are set for training the neural network on the user set: number
of epochs: 300; packet size: 16; learning rate: 0.001; momentum: 0.9; weight drop:
0.0005 and image size: 640. The trained YOLOv10m model has a file size of “best.pt”
of 101 MB. To determine the FPS, the trained neural network is tested on inference
using two test videos of UAV and bird flights.

To compare the accuracy of the experimental neural network with the previ-
ous versions, the YOLOv8m and YOLOv9m models corresponding in purpose were
also trained on the user dataset. The mAP50-95 metric was chosen as the comparative
accuracy parameter to evaluate the ability of visual detectors to recognize and local-
ize small objects.

Results

Figure 3a-d shows the accuracy metrics of the YOLOv10m model trained on
a custom dataset of UAVs and birds.

The frames of testing the trained model on the inferno using two videos of a
DJI F450 UAV flight and a bird are shown in Figure 4a,b.

Figure 5a, b shows the comparison plots of mAP50-95 accuracy metric and
fast performance (FPS) of YOLOv8m, YOLOv9m and YOLOv10m neural networks.

As a result of the diagrams analysis, we can conclude about the effectiveness
of using the trained YOLOv10m model in the tasks of recognition and classification
of UAVs and birds in optoelectronic surveillance systems.
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Fig. 2. Testing of the Trained YOLOv10m Neural Network Model
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Fig. 3. Metrics of Training Results of the YOLOv10m Neural Network: a - Precision; b - Recall; ¢ - mAP50;
d - mAP50-95.
Discussion

A dataset of 7580 UAV and bird images is prepared for training the exper-
imental model of YOLOv10m neural network. After annotation and augmentation
stages, the user dataset using Roboflow.com service is distributed in the percentage
of 70/20/10 for training, validation and testing tasks, respectively. The training of
experimental neural network resulted in the following maximum values of accuracy
metrics (Fig. 4a-d):

- Completeness: 0.883;

- Accuracy: 0.907;

- mAP50: 0.953;

- mAP50-95: by 0.628.
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Fig. 4. Inference Frames of the Trained YOLOv10m Model: (a) Frame from the DJI F450 Flight Video; (b)
Frame of a Bird (Seagull) Flight

In terms of mAPS50 metric, this model outperforms detectors from (Seidali-
yeva et all., 2020; Alsanad et all., 2022; Singha et all., 2021; Al-Qubaydhi et all.,
2022; Aydin et all., 2023; Zhai et all., 2023). Comparing the mAP50-95 metrics (Fig.
5a), YOLOv10m outperforms YOLOv8 by 0.058 and YOLOV9 by 0.031 in terms of
accuracy, which proves the greater efficiency of the first model to recognize and lo-
calize small objects such as UAVs and birds in the far-field surveillance area. In terms
of FPS, YOLOv10m is second only to the trained model YOLOv8m, which proves
that the first model can be used in real-time in optoelectronic surveillance channels,
combining the segmentation and tracking functions of small objects such as UAVs
and birds.
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Neural Networks

FPS

The results of the experiments indicate that the trained YOLOv10m model
demonstrates strong robustness to varying environmental and operational conditions.
The dataset included images captured under different weather scenarios (cloudless
sky, partial cloudiness, low light, and fog-like conditions), various camera angles, and
dynamic backgrounds. As a result, the model maintained high detection performance
across these variations, confirming its adaptability to real-world deployments in out-
door optoelectronic surveillance systems. Furthermore, this opens avenues for future
research focused on expanding the model’s capabilities in more complex environ-
ments, such as night-time recognition, detection under severe weather disturbances,
and integration with radar or infrared sensor data for multi-modal UAV classification.
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Conclusion

1) In order to develop a new efficient model for UAV and bird recognition and
classification, the YOLOv10m model is selected, which bypasses the Non-Maximal
Suppression (NMS) algorithm in its architecture by introducing the concepts of dual
label assignment, consistent metric for prediction matching and focus on accuracy
and efficiency in design. A user dataset of 7580 images is prepared to train the experi-
mental models, of which 5306 (70 %) are specifically designed for training, 1516 (20
%) are oriented for validation and the remaining 758 (10 %) are used in the testing
phase of the neural network.

2) YOLOV10m training is implemented based on AD103 GPU of NVIDIA
GeForce RTX 4080 video card with CUDA Toolkit 12.1 support. As a result of eval-
uation of the obtained accuracy metrics, YOLOV10 outperforms the known visual
detectors YOLOv2, YOLOvV3, YOLOv4, YOLOvS, YOLOvV7, YOLOX and YOLOvVS
described in (Seidaliyeva et all., 2020; Alsanad et all., 2022; Singha et all., 2021;
Al-Qubaydhi et all., 2022; Aydin et all., 2023; Zhai et all., 2023) by mAP50.

3) To compare the efficiency of recognition and localization of small objects
using the mAP50-95 metric, previous versions of the YOLO algorithm: YOLOvS8 and
YOLOV9 were trained on a user dataset. YOLOv10m was 9% more accurate than the
former and 5% more accurate than the latter.

4) As a result of testing the trained YOLOv10m neural network on inference,
it is found that this model can recognize and classify UAVs and birds in real time with
high accuracy and efficiency. According to the high FPS values (average 196 FPS),
this model is capable of segmenting and tracking localized objects, combining the
classification task.

5) The results of this study will be useful to the developers of UAV and bird
detection, recognition and classification systems.
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