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PO3POBJIEHHS APXITEKTYPU 3r0PTKOBpi HEI‘/'IPO"HHOT MEPEXKI
NJISI KITACU®DIKAILIL 306PAKEHDB BINCBKOBOI TEXHIKH
HA OBMEXXEHOMY HABOPI JIAHUX

Po6oma cnpsimosaHa Ha po3pobKy apximekmypu 320pmkogoi HelipoHHOT mepedci 0451 kaacugikayii 306paxceHb
giticbkogoi mexHiku. K110408010 8umo20t0 0o Modei € ModicAUBICMb HABYAHHS HA 06MedceHUX subipkax daHux. Byso0 e3smo
icHytouy modesav VGG-16, e sikili 3amiHeHO Kaacugpikamop Ha eaacHull, Wo 6a3yemuvCsi HA NOBHICMIO 38’s13Hill HelipoHHill
Mepedxci 3 2-a euxodamu. Yci HampeHosaHi Mmodesi nepesipsaomvbcsi HA adekeamHicmb ma 6 nodanbwoMmy 6ydymb
sukopucmogygamucs 045 weudkoi idenmudgpikayii eilicbkosoi mexHiku y nomoyi gideo.

Kawuyosi caoea: 3zopmkosa HellpoHHA Mepedxca, Kaacudikayis 306pasxceHb, Modeab MAWUHHO20 HABYAHHS,
idenmudpixayis siticokogoi mexHiku

MATVIYTCHUK YAROSLAYV, YACISHYN VOLODYMYR

Lviv Polytechnic National University

DEVELOPMENT OF A CONVOLUTIONAL NEURAL NETWORK ARCHITECTURE FOR MILITARY
EQUIPMENT IMAGE CLASSIFICATION ON A LIMITED DATASET

The work is aimed at developing the architecture of a convolutional neural network for the classification of military equipment
images. The key requirement for the model is the ability to be trained on limited data samples. The existing VGG-16 model was chosen, in
which fully connected layers were replaced with a classifier based on a fully connected neural network with 2 outputs, resulting in a model
with 13 convolutional blocks with a maximizing aggregation layer between each and 3 fully connected layers. Each convolutional layer was
pre-trained using the ReLU activation function. Two fully connected layers of the replaced classifier also use ReLU as an activator, the last
one-node layer uses a sigmoid function to perform the classification. In order to prevent retraining of the network, the Dropout
regularization method with a screening factor of 0.2 was applied. To train the convolutional neural network, we use the Normal vs Military
Vehicles dataset. The size of this dataset is quite limited and consists of approximately 17,500 files divided into training, verification and
testing sets, each being divided in two asset classes: military and non-military. To overcome this limitation, the transfer learning method was
used, when elements of a previously trained model are reused in a new machine learning model. Since VGG-16 is trained on a very large
image set and is specially designed for image recognition and classification, resulting models show high accuracy and performance even
after being trained on a limited datasets. In our case showing a decent 82% accuracy on Normal vs Military Vehicles validation dataset. All
trained models are checked for adequacy, and will be used in the future for quick identification and classification of military equipment in the
video stream.

Keywords: convolutional neural network, image classification, machine learning model, identification of military equipment

Beryn

3apnanns kinacudikaimii 300pakeHb MOJIArae y TOMY, 1100 Ha OCHOBI BXIHOTO 300paKCHHS BHU3HAYUTH
Kjac abo HMOBIPHICTh HAJIEKHOCTI IO KIilacy, SIKMH Haiikpaie omucye 3o0paxenHs. J{is nosedl Take BMiHHS
po3Mi3HaBaHHS € OJHI€I0 13 mepumx 0a30BUX HaBuuok. Komu nronuHa Gaunth 300pakeHHs abo cHocrepirae
HABKOJIMIIIHINA CBiT, y OUIBIIOCTI BUMAIKIB MOXE Bifpa3y BHU3HAYUTH CICHY i TPUCBOITH KOXXKHOMY OO0 €KTY
kareropito. L[i HaBUYKHM IIBUAKOTO PO3Ii3HABAHHS MIA0JIOHIB, y3araJbHEHHS MOIMEPEIHIX 3HAHB 1 aJanTamii 10
pi3HUX 300paKeHp e HE IOBHICTIO JOCTYNHI MamuHaMm. [loJiOHUM YHHOM KOMII'FOTEpP MOXKE BHKOHYBaTH
knacudikamiro 300pakeHb, MIyKalOUN O3HAKW HU3BKOTO PIiBHS, TaKi K Kpai Ta KPWBI, a MOTIM CTBOPIOBATH OLIBIIT
aOCTpaKTHI MOHATTS 3a JONOMOrolo cepii 3roprkoBux mapiB. Lle 3aranpHa imest poOOTH 3ropTKOBOi HEWPOHHOL
Mepexi.

AHaJi3 JiTepaTypHuX axepe

3roprtkoBi HeWponHi Mepexi (BHM) € dacTmHOIO cimeiicTBa TMMOOKMX HEHPOHHUX MEPEX IPSIMOTO
MIONITMPEHHS, JIe TPOMDKHUHN [Iap OTPUMY€E Ha BXiJ O3HAKH, BUWIyYeHI IMONEpPEeIHIM piBHEM Ta Iepenae CBOi BHUXiAHI
JlaHl HaCTYNMHOMY mIapy. 3rOpTKOBI HEMPOHHI MEpeXi MpaIllol0Th Ha OCHOBI (iMBTPIB, sKi PO3MI3HAIOTH TEBHI
XapaKTepUCTHKH 300paKeHHS, HATIPUKJIA, IPsMI JIiHi1, TPOCTI KOJIbOPH, BUTHHH TomIO [1].

Anpo dineTpa — me matpuild gucen (Bar). JAnpo "HaB4aeThCA" 3 METOIO MOITYKY Ha 300pa’keHHIX IEBHHUX
xapakrepuctuk. ['pyna siaep yrBoproe ¢pinbTp. KokeHn GinbTp € ineHTH(iKaTopoM 03HaKH.

@inpTp pyXaeThest B3IOBXK 300paXKeHHsI 1 BU3HAYAE, UM € [IE€BHA MOTPiOHA XapaKTEPUCTHKA B KOHKPETHIH
foro yactuHi. [ oTprMaHHS BiJIIOBiZI MPAIfOe OMeparisi 3rOPTKH, sIKa € CyMOIO 100yTKiB eJIeMeHTIB (ijbTpa Ta
MaTpulli BXiZHUX cUrHamiB. IInoma, siky oxormiroe ¢uIbTp (pHc. 2), HA3MBAETHCS CHPUIHATIMBUM (pPELENTHBHUM)
nosieM. CripuiHATINBE 110JI€ — YaCTHHA MaTPHII BXIJJTHAX CHTHAIIB, 10 MiIA€THCS 3ropTii. Bapro 3a3HaunTy, Mo B
Mipy 3arJHOIeHHS B MEPEXKy CHPUIHATINBE Mojie (PisIbTpa 301IBIIY€ETHCS, POIIIHPIOETHCS.
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QiTbTp MepeMilIyeThesl B3IOBXK MATPHIlL BXITHAX CHTHAJIB 3 IeBHUM KpokoM (stride). Kpok Bm3Hauae: Ha
CKUIBKH IIKCENIB 3MiltyeTbest GinabTp. SIKIO KPOK piBHUM, HANPHUKIIA], OAMHULI, (DLIBTP KOB3aTHME KapTOI O3HAK
TiKceb 3a mikceseM. Lle € THIIOBUM BHIaKOM.
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Puc. 2. Pe3yabTaT 3acTocyBanusi GpiibTpy

SIK1o TeBHa XapaKTepUCTHUKA NPUCYTHS y (parMeHTi 300pakeHHs, OXOIuleHOMY (iabTpoMm, omeparis
3rOpTKM Ha BHXOJI BHJAaBaTUME YHCJIO 3 BIJHOCHO BEJIMKMM 3HA4YCHHSIM. SIKIIO X XapaKTepHCTHKa BiJICYTHS,
BUXiZHe uKcio Oyne HeBeiaukuM. Ha puc. 3 HaBelleHO KOHKPETHUH PUKIIaI 3TOPTKH [2, 4].
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Puc. 3. @inbTp «carykae» JiBOCTOPOHHI KpUBi

SIK110 BXiJHUMH JaHUMH JUIS IEPILIOTo 3rOPTKOBOTO MIapy € OpHUTiHAIbHE 300paKeHHs, TO Ha BXiJ| JPYToro
I1apy MOJIA€ThCs BUX1J/I MEPILIOTO Iapy y BUTIIA/ aKTUBALIHHUX KapT 03HAaK, c()OPMOBAHMX HA NONEPETHBOMY €Tarli
3ropTku. TakuM YMHOM, BHIXiJ IIapy BH3HAYa€ MicIs Ha BXIJHOMY 300pa)K€HHI, J€ € MEeBHI €IEMEHTH HU3BKOTO
piBHa. [Jlami Ha BHXomi HacTymHOro HaOoOpy (imbTpiB OyAyTh aKTHBALiWHI KapTH, AKi BiATOBIAAIOTH (QYHKIISIM
BHUIIIOTO PiBHA (MiBKOJA, KBaApaTH ToIO). [1ocTiI0BHICTS 3rOPTKOBUX IIapiB (hOpMye aKTHBALINHI KapTH O3HAK, SKi
MIPEICTABISIOTH BCe OiMbII CKITaaHI (QyHKIIIT.

3 aHami3zy iCHYIOUHX pIlIeHb BH3HAYEHO METy POOOTH — MOOYAyBaTH apXiTEeKTypy CHCTeMH ineHTH(ikamii
BIHICHKOBHX TPaHCIIOPTHUX 3ac00iB, 110 MOXKke OyTH HaTpeHOBaHa Ha 0OMEXEeHOMY HabOpi JaHuX.

OcHoBHHIT MaTepian

Jns HaBuaHHS HEHpPOHHOI Mepexi ckopucraemMoch Habopom maHux Normal vs Military Vehicles [5].
Po3mip nporo Habopy IaHUX € JOCHTh OOMEXEHHM 1 CKiajgaeTbhes i3 mpuoimsHo 17500 ¢aiiniB y aBox Kiacax
300pakeHb: BIHCbKOBA Ta He BiiChbKOBa TexHiKa. CTpyKTypa HaBeJieHa Ha puc. 4.

st motonanHs 0OMEXXEHHSI CKOPHCTaEMOCHh MeTosioM Transfer learning — mepeHeceHHsT HaBYaHHS, KON
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eNIEMEeHTH OIIepeHbO HATPEHOBAHOI MOJIEJIi IIOBTOPHO BUKOPUCTOBYIOTHCS B HOBil MOZ€Ni MAIIMHHOTO HaBYaHHS.
3a ocHOBY Bi3bMeMO Oyioku 3ropTku Moxeni VGG-16 [1], mo Oyna mpeiacraBieHHs Ha LIOPIYHOMY KOHKYpPCi
ImageNet Large Scale Visual Recognition Challenge (ILSVRC). VGG16 — 1me 3ropTkoBa HEHpOHHa Mepeika,
HaBYCHa Ha IiAMHOXHHI Habopy nannx ImageNet, konekuii 3 noHa 14 MinbHOHIB 300paXkeHb, 10 HaJIEKATh 10 22
SIKIIO BiJKMHYTH TOBHICTIO 3B’SI3HI IIapH, TO Mepexa
CKJIQIAETHCS 3 13 3ropTKOBUX MIapiB, Mae MoHaj 14 MijbHOHIB HATPEHOBAHUX MApaMETPIB 1 3aBEPUIYETHCS ILIAPOM
MaKCHMaJILHOTO arperyBaHHs. SIk HOBHUil kiacudikarop, y [2] 1oaaHO aBa IMOBHICTIO NMOB’sI3aHI IApH 3 KiJIbKICTIO
HeliponiB 128 kokeH, a TaKOXK BHUXITHHWH Iap 3 OOHWM By3JoM (OiHapHa kimacudikamis). 3 METOI0 3amoOiraHHs
TepeHaBYaHHs Mepexi Oymo 3actocoBaHO MeTon peryisipusarnii Dropout [3] 3 kxoeodimientom BincitoBanHs 0.2.

000 xateropiii. 1ls Momens 3ampomoHoBaHa y [2].

[ToBHa xapakTepHCcTHKa OJepKaHOI MepexXi HaBeZeHa Ha pHC. 5.

Data
¥ ¥ ¥
Train Validate Test
millitary other millitary other millitary other

Puc. 4. Ctpyktypa Hadopy nanux Normal vs Military Vehicles
Layer (type) Output Shape Param #
input 1 (InputLayer) [ (None, 224, 224, 3)] 0
blockl convl (Conv2D) (None, 224, 224, 64) 1792
blockl conv2 (Conv2D) (None, 224, 224, 64) 36928
blockl pool (MaxPooling2D) (None, 112, 112, 64) 0
block2 convl (Conv2D) (None, 112, 112, 128) 73856
block2 conv2 (Conv2D) (None, 112, 112, 128) 147584
block2 pool (MaxPooling2D) (None, 56, 56, 128) 0
block3 convl (Conv2D) (None, 56, 56, 256) 295168
block3 conv2 (Conv2D) (None, 56, 56, 256) 590080
block3 conv3 (Conv2D) (None, 56, 56, 256) 590080
block3 pool (MaxPooling2D) (None, 28, 28, 256) 0
block4 convl (Conv2D) (None, 28, 28, 512) 1180160
block4 conv2 (Conv2D) (None, 28, 28, 512) 2359808
block4 conv3 (Conv2D) (None, 28, 28, 512) 2359808
block4 pool (MaxPooling2D) (None, 14, 14, 512) 0
block5 convl (Conv2D) (None, 14, 14, 512) 2359808
block5 conv2 (Conv2D) (None, 14, 14, 512) 2359808
block5 conv3 (Conv2D) (None, 14, 14, 512) 2359808
block5 pool (MaxPooling2D) (None, 7, 7, 512) 0
flatten (Flatten) (None, 25088) 0
dense (Dense) (None, 128) 3211392
dropout (Dropout) (None, 128) 0
dense 1 (Dense) (None, 128) 16512
dense 2 (Dense) (None, 1) 129

Total params:

Trainable params:
Non-trainable params:

Ha puc. 6. HaBeneno kinacuikamiiiHuit 3BIiT micas OLIHKK MOJENl Ha BajijauiiHii BuOipui. BpaxoByoun
oOMexeHHuI po3Mip HabOPy TaHUX, MOJEIH JOCATIIA JOBOJII XOPOIIOTO pe3yabpTaTy — 82% Ha BaJlifallifHUX TaHUX.

17,942,721

3,228,033

14,714,688

Puc. 5. llapameTpu oTpumanoi Mmoaei
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precision recall fl-score support
military 0.8 0.86 0.83 198
other 0.85 0.79 0.82 198
accuracy 0.82 396
macro avg 0.82 0.82 0.82 396
weighted avg 0.82 0.82 0.82 396

Puc. 6. Knacudikauiiinmii 3Bit nmicsisi ouinku Mozesi Ha Baxigauiiiniii Buoipui

BucHoBku

Jis po3p’s3aHHsA 3ajadi  igeHTUQIKAIi BIHCHKOBOTO TPAHCIOPTHOrO 3aco0y OyJI0 BHUKOPHUCTAHO
NoTNepeHbO HaTpEeHOBaHy IIMOOKy HelipoHHy Mepexy VGG-16 3a MpUHIMIIOM METOy NEpeHEeCeHHs] HaBuaHHs Ta
3MIHCHEHO 3aMiHy TIOBHICTIO MOB'I3aHMX INapiB Ha BIacHHWH Kimacugikatop. dms mobymoBu mozeni Oyio
BUKOPUCTAHO BiIKPHTy HelipomepekeBy 0ibmioTexy Keras, mo € HagOymoBOIO I0 BiAKpUTOTO (pEeHMBOPKY IS
rimbuHHOrO HaB4aHHS Tensorflow.

Buxonsuu 3 Toro, mo AocTynHAN Habip TaHUX Hallidye 0OMeXeHY KiJIbKiCTh 300pakeHb, I JaHo1 3aaadi
Oyio mpUAHATO PIMICHHS BHKOPHCTOBYBATH IIONEPENHBO HaTpeHoBaHy Mmoaenb VGG-16. Bymno 3ailicHeHO 3aMiny
TIOBHICTIO 3B’S3HMUX IapiB, B pe3yJbTaTi 9Oro MOJENb HamigdyBada 13 3ropTKoBHX OJOKIB 3 MaKCHMi3aIlitHUM
arperaliiiHIM LIapoM MDK KOXXHHM 3 HHMX Ta 3 MOBHICTIO TOB’s3aHi mapu. KoxkeH 3roprkoBuii map OyB
NOMNepeHbO HAaTPEeHOBaHWI 3 BHKOpUCTaHHsAM ¢yHkuii aktuBanii ReLU. JlBa moBHiCTIO NOB’s3aHi LIapu
3aMiHeHOro Kiacu(ikaTopa TakoX BHKOpHCTOBYIOTH ReLU B pomi akTuBaTopa, OCTaHHIH wIap 3 OJHHM BY3JIOM
BUKOPHCTOBYE CUTMOIIHY (DYHKIIIO JUIs 3A1HCHEHHS Kiaacudikarii.

HactynHumu 3aBIaHHSIMU TOCHIPKEHHSI MO’KHA BU3HAYMTH TPEHYBaHHs 1 BepuQikalio MoJesl Ha OlIbIn
cremiaai3oBaHUX Habopax JaHUX.
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