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CLASSIFICATION MODEL OF MILITARY
AVIATION BASED ON NEURAL NETWORK ENSEMBLE

The paper presents a model for classifying military aviation based on images
using an ensemble of neural networks. Popular actual convolutional neural networks
(CNN) served as the base models and were fined-tuned on relevant data. An ensemble
of models was utilized to improve performance achieving high accuracy with
reasonable compute requirements.
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Relevance of the research topic. The recognition of military vehicles has
become increasingly relevant due to the rapid development and creation of numerous
new prototypes, which are difficult to distinguish at first glance. Therefore, there is a
need for systems that can provide reliable and fast information about the specific type
of military equipment. This information can be crucial for intelligence agencies,
military organizations, and other entities. This work aims to contribute to the
development of more efficient and accurate models for the recognition of military
aviation based on modern machine learning methods such as transfer learning and
ensemble modeling.

Problem statement. The problem of creating and developing classification
models in the military domain is associated with the limited availability of information
in open sources. Building such classifiers requires a high quality datasets with enough
data for training the models to make predictions. Despite possible applications in real-
time scenarios where special detectors [1] or even trackers [2] are required, we focus
on classical image recognition and applications in non-military OSINT systems.

Analysis of recent research and publications. In recent years, there have been
emerging approaches to classifying various military equipment, including the
application of machine learning techniques [3]. Other approaches combines detection
and classification [4] that lowers accuracy and is redundant for OSINT-like systems.

Identification of unexplored aspects of the general problem. This article
focuses on studying and analyzing the proposed approach for constructing a model for
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the classification of military aviation based on an ensemble of neural networks. The
research is concentrated on studying transfer learning for complex datasets and
combining the results of trained models in an ensemble for joint prediction.

Target setting. The task is to train base models to recognize aircraft of different
classes in the input images and combine their results in an ensemble that provides the
final classification outcome.

The statement of basic materials. Solving the proposed task can be divided
into three main stages[5]. The first stage involves loading pre-trained base models,
adding additional layers, and training these models on a custom dataset. In the second
stage, the trained weights are used to make predictions on the input image by
extracting aircraft features and determining the probability of similarity to a specific
class. The final stage includes processing the obtained results from the previous stage,
specifically combining them into a single combined prediction, which serves as the
final classification result.

Model training. In order for the models to classify specifically military aircraft,
they should be trained a dataset containing classes of aircraft to be classified. The
dataset with categorized images of aircraft was obtained from an open-source Kaggle
dataset. ResNet-50, VGG-16, EfficientNetB3, and EfficientNetB7 were used as base
models. All pre-trained weights of the base models were frozen after loading to
prevent them from being retrained because we had limited amount of training data.
Subsequently, the model architecture for training was defined, consisting of the
following layers:

1. Base model.

2. Flatten layer— to transform the input data from a multi-dimensional form to a
one-dimensional vector before feeding it to the next layer of the network.

3. Dense - to model complex non-linear dependencies between input and
output data. It has the following attributes: units - 512 (a positive integer representing
the dimensionality of the output space); activation="relu' - which returns the element-
wise maximum of 0 and the input tensor.

4. Dense - with the following attributes: units - nclass (number of classes);
activation="softmax' - meaning it will activate the softmax function, which transforms
the vector of values into a probability distribution.

After defining the architecture, the model was trained with the following
hyperparameters: optimizer - Adam optimizer; loss - 'sparse_categorical_crossentropy’;
metrics - 'accuracy'; and the number of epochs - 10.
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General model structure. In our case, the proposed solution is precisely the
combination of model results, which is referred to as an ensemble. Its operating
principle is as follows: the trained models make predictions on the loaded image, and
then these results are combined using the averaging method (adding up all prediction
results and distributing them among the total number of models). The highest result is
then selected as the final classification outcome. The overall structure of the neural
network ensemble and its functioning are depicted in Fig. 1.
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Fig. 1. General model structure

Results. The obtained results of the military aviation classification model based

on the ensemble of neural networks are presented in Table 1. This table displays the

accuracy of each individual model, ranging from 81% to 87%, as well as the accuracy

of the ensemble model, which is 91.91%.

Table 1. Model accuracy results

Model Accuracy Validation accuracy
ResNet-50 1.0000 0.8569
VGG-16 0.9993 0.8165
EfficientNetB3 0.9780 0.8611
EfficientNetB7 0.9822 0.8660
Prediction result of the model ensemble 0.9191

Experiments. A simple interface was created for testing the developed ensemble

neural network model for military aviation classification. Serious of experiment were

conducted to analyze model performance. For instance, two images of the same aircraft

model (A-10) obtained from open sources with high resolution but taken from different
angles were tested. In the first experiment, the image clearly showed all the key
elements and features of the aircraft, and the models correctly classified it with accuracy
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results of 99% and above. The ensemble model achieved a final accuracy of 99.89%. In
the second example, an image was used where the aircraft was not fully visible. In this
case, all the models produced different classification results with lower accuracy scores,
and the ensemble model correctly identified the aircraft model but with a low accuracy
score of 33.8%. The test results are displayed in Fig. 2.
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Fig. 2. Test Results

Conclusions. The paper proposes an approach to solve the task of military
aviation classification on loaded images. This approach involves the application of
modern machine learning methods, such as transfer learning and ensemble modeling.
The utilization of a neural network ensemble allowed for an increase in classification
accuracy of validation data from 81-87% to 91.91%, approximately a 5%
improvement. This is a high performance considering the complexity of the task and
wide variety of aircraft photos in the dataset. Dataset volume and quality is crucial for
achieving state-of-the-art result. In our case of using proposed classification model in
OSINT-systems gathering more training data from open sources with automatic class
label proposal based on low-resource text classification techniques[5, 6] looks
promising and we plan to experiment with it in future work.
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PO3HIUPEHA AHOTALISA
I1.C.I1ono4oBHuii, B.B.OaiiHUK

MOJEJb KJJACH®IKAILII BINChKOBOI ABIALIIL
HA OCHOBI AHCAMBJIIO HEHPOHHUX MEPEX

AKTyaJIbHICTh TeMHU JoCHilxkeHHsl. Po3mi3HaBaHHS BiMICHKOBOI TEXHIKU CTa€
OUTbLI aKTyaJIbHUM B OCTaHHI JHI y 3B'A3Ky 13 BCe OUIBIIMM ii PO3BUTKOM Ta
CTBOPEHHSM BEJIHMKOI KUIBKOCTI HOBUX IPOTOTHIIIB, K1 Ba’KKO BIAPI3SHUTH Ha MEPIIHiA
norjist. TakuM YHMHOM, BHHHKAE€ HEOOXITHICTH CHUCTEM, IO HAIIHHO Ta IIBHIKO
OynyTh HajxaBaTH 1H(POpPMAIIIO, PO JAHUN TUIM TEXHIKH, OCKUIBKH 1€ MOXE MaTu
BAXJIMBE 3HAYEHHS JUISI PO3BIAYBAIBHUX CIIYkO, apMIACBKMX CTPYKTYp Ta IHIIUX
opranizauii. J[ana po0OoTa mpucCBsSYEHa CIPHUSHHIO PO3BUTKY OUIbII €(PEKTUBHHUX Ta
TOYHMX MOJIeJiel po3Ii3HAaBaHHS BIMCHKOBOI aBiallii HA OCHOBI Cy4acHUX METOJIB
MaITMHHOTO HaBYaHHS, TAKUX SIK TpaHCPEpHE HAaBYAHHS Ta aHCaMOJIb MOJIEICH.

IlocranoBka mpoOjemu. IlpoGirema CTBOpeHHS Ta PO3BUTKY MOJENEH
Kkiacudikailii Ha BIICBKOBY TeMaTHKY TOB’s3aHa 3 OOMEXKEHICTIO 1H(pOpMAIIii TIPO 1e y
BIIKpUTHX kepenax. s moOymoBu Takoro kiacudikaropa HEOOXiTHO MaTh HaAOIp
JAHUX, 3aBIIKH SKOMY BIJIOYBAa€ThbCS HABUaHHS MOJENEH, 10 OyayTh pOOUTH
nepeadavenns. [ns Toro abu TOuHICTH Mojeel Oyja JTOCTaTHBOIO Ta Maja BUCOKI
NOKa3HUKM HaOlp JaHMX NOBUMHEH MICTUTH B €00l BEIMKY KUIBKICTh PI3HUX
300paxeHb.

AHaJi3 ocTaHHix gocaimkedHb i myOaikamiii. IIpoTsrom ocraHHIX pOKIB
3’SBIISIETHCSL BCE OUIbIIE CTaTe MpUCBAYeHUX Kiacudikailii pi3HOMaHITHUX 00’ €KTiB,
30KpeMa, 3aBISKH CTPIMKOMY pPO3BUTKY PI3HOMaHITHUX CIOCOOIB 3aCTOCYBAaHHS
MalMHHOTO HaBuaHHA. [Ipore moOymoBa Mopeneid came miisgi 00’€KTIB BHCOKOI
CKJIQJIHOCTI, TaKO1 SIK BIMIChKOBA TEXHIKA, 3yCTPIYA€ThCs BKPall PiAKO.

BupisieHHs1 HeJOCHiIKeHUX YACTHH 3arajbHoi mpoodaemu. Jlana crarrs
MPHUCBSYCHA BUBYCHHIO Ta aHAII3y 3alpPOIMIOHOBAHOTO MiAXOAY ISl TOOYIOBH MOJETI
knacudikaiii BIICRKOBOI aBiallii Ha 300pakeHHI Ha OCHOBI aHCaMOIII0 HEHPOHHUX
mepex. JlocmimkenHs choOKycoBaHO Ha BUBYEHHI TpaHC(EpPHOTO HABYAHHS IS
CKJIaIHUX HAOOPIB JaHUX Ta MOEAHAHHSAM PE3yJIbTaTiB HABYCHUX MOJIENIEeH y aHCaMOITb
JUTSI CTIUTEHOTO TIepeI0adueHHSI.

IMocTranoBKa 3aBAaHHA. 3aBJaHHSM € HABYUTH 0a30Bi MOJEI PO3Mi3HABATU

JITaKM PI3HUX KJIAaciB Ha 300paKCHHSIX 3aBAHTAXECHUX y (DYHKIIIO mependadeHHs, Ta



ICSFT12023 79

MO€HATH iXHI pe3yibTaTH y aHcaMOub, 1o Oyae JaBaTH KIHIEBUN pe3ysbTaT
kiacudikarii.

BuxisiagenHss 0CHOBHOro Martepiany. BupiiieHHs nmoctaBieHoi 3a7a4ul MOXKHA
PO3IITUTH Ha TPU OCHOBHI eTanu. Ha mepiiomy BiOyBaeThcsl MoOy10Ba MOJECH Ta
iX HaBYaHHS Ha BJAacHOMy HaOopi naHux. Ha gpyromy eTami 3miHMCHIOETBCS
nepeAOaUeHHs] HABUCHMX Bar Ha 3aBaHTAXEHOMY 300pa)KeHHI. 3aKIIOYHUN eTar
BKJIIOYA€ B ce0e 00poOKy OTpUMAaHMX Pe3yJbTaTiB MOMEPEAHBOTO eTay — 00’ €THaHHS
y OJHE KiHIIeB€ KOMOIHOBaHE mependaveHHs, mo 1 Oyae (QiHATBHUM pPe3yIbTaTOM
KJacuQikarii.

BucnoBku. B po0oTi 3ampomoHOBaHO MiAXiA A0 BUPIMIEHHS 3a7adyi
kjnacugikaiii BIMCHKOBOI aBiallii Ha 3aBaHTaXEHOMY 300paxxeHHI. BukopuctanHs
aHCcaMOJII0 HEWPOHHUX MEPEX Jaji0 3MOTy MIABUIIUTH TOYHICTh Kiaacu(ikarlii
nepeBipouHnx naHux. [lig Yyac BUKOHAHHS BCl MOCTaBJICHI 3a/a4yl OyJlM BUKOHAaHI
yCHimHO Ta OyJlo JOCSATHYTO BHCOKHX TIOKa3HHKIB TOYHOCTI, IO JIOBOIUTH
e(eKTUBHICTh 3aCTOCYBaHHS 00OpaHUX IMIIXO/I1B.

KuarouoBi cioBa: xinacudikanis, BiiicbkoBa aBiallisl, TpaHCEpHE HaBYAHHS,

aHcamMOJIb MOJEIEH.



