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Omnuc npobiema

[IpoGiiem mpencTaBsba BUIIEKIacHY (€HT. multi-class) xnacudukanujy raje je yia3 pacTepcka CiuKa
aBUOHA, a M371a3 Mozen aBuoHa (Hp. “MiG 297, “Boeing 747-200"). OBaj mpo0biieM cniazia y IOMeEH fine-
grained xnacudukanuje, raje cy pasiuke Meh)y kiacama CynTUIHE U 3aXTjeBajy HaMpeaHUje MOJICIIE.

MortuBaiyja

[Iperm3na naeHTH(UKaNKja MOIETa aBUOHA TTPEICTaBJha BayKaH M3a30B ca MPAKTHYHHIM MPUMjeHaMa y
Pa3IMYUTUM O0JIACTHMA:

= Bojuu u ondpambenu cucremu: Mnentudukanuja nprujaresbCKUX U HENPUjaTeJLCKUX JIET)eNuUIIa.

*  AHAJINTHYKe U HHAYCTpHjcke komnanuje: [Ipaheme kpeTama aBHOHA U TPKUIIHUX TPEHI0BA
Yy aBUO UHAYCTPHUJH.

=  ABHO-CHTY3HjacTH M 00pa3oBHe cBpXe: AyTOMAaTCKO O3HauaBame CIMKa aBHOHA.

PjemaBame oBor mpobiieMa omoryhaBa ayToMaTH3aIyjy mpoieca uaecHTHGUKaIuje, cMamyje MoryhHocT
JBYZICKE TPEIKe U M000JbIIaBa Op3uHy 00pajie mojaraka.

Ckym nojiaraka

Kopumihenu ckyn nonartaka je FGVC-Aircraft [1]. Canpxwu 10,200 cnuka BOJHUX U IIUBHITHUX
JIeTjeuIIa, MpeTeKHO aBroHa. CIIuKe Cy O3HaYeHe cienehuM XHujepapXujCKi OPTaH30BaHINM O3HAKaMa

= Mogea (enr. Model), anip. Boeing 737-76].



= Bapujaunra (enr. Variant), unp. Boeing 737-700. CBu MOJenH KOjU Cy BU3YEIIHO CKOPO
uneHTnyHu. Ckym nojgataka caapxu 120 BapujanTy.

= [lopoauna (enr. Family), arip. Boeing 737. Ckyn monmartaka canpku 70 mopoauria.

* [Ipoussohau (enr. Manufacturer), urp. Boeing. Cxyn nopataka caapxu 41 npoussohaya.

[Ipu knacudukanuju aBuoHa kopuctruheMo BapujanTy, a ox yKymao 120 BapujanTy n3a0paHo je
cnenehux 10:

F/A-18 — McDonnell Douglas F/A-18 Hornet
F-16A/B — General Dynamics F-16 Fighting Falcon
Eurofighter Typhoon

Hawk T1 — BAE Systems Hawk T1

Tornado — Panavia Tornado

C-130 — Lockheed C-130 Hercules

An-12 — Antonov An-12

1-76 — Ilyushin II-76

Boeing 737-800

Boeing 747-200

Cgaka BapujanTa caapxu mo 100 ¢pororpaduja, ma Ham ckyn nojaraka yKymao caapxu 1000
¢dororpaduja. Ckyn nmopataka nogjenuhe ce Ha TPEHMHT, BAJIMIAIMOHU U TECT CKYIl y CKJIaJy ca
npenehuHUCAaHNM aHoTanujama 3a nogjeny FGVC-Aircraft ckyma.

[Ipernponiecupanje momaraka

Cge ciuke Ouhe ckagupaHe Ha UCTE IUMEH3H]e, BPHjeIHOCTH IMKCesla HopMain3oBaHe Ha omcer [0, 1].
Ipunvikom Tpanchep yuewma, kopuctrhe ce cTaHaapau3alija ca CpeibuM BPHjeTHOCTUMA U
CTaHJapaAHUM JeBujaiujama ImageNet ckyna, nok he 3a CNN of Hyse cTaHAapau3aluja OuTu
npuiaroheHa au3ajHy Mpexe.

Han tpenunr nogamnuma u3Bpiiuhe ce ayrMeHTalyja (HaCyMUYHE pOTallyje, UCCIambe, TPOMjeHE
KOHTpacTa...).

Meroaonoruja

3a pjewmaBame npodiieMa Kopuctuhe ce TpH pa3IMuuTa IPUCTYIA:

= CNN on HyJje
- KonBonyTnBHa HeypoHCKa Mpeka KpeupaHa o HyJjle, TPeHUpaHa UCKIbYYUBO Hall
FGVCAircraft [1] ckynom nopartaxka.

= ResNetl8
- [Ipumjena tpancdep yuema kopuihemem ayOoke pesuayaine Mpexe ca 18 ciojesa,
MIPETXOIHO TpeHupana Haja ImageNet-1k ckymom.
- Bpoj mapamerapa: ~11.7M

= EfficientNetV2-S
- [IpuMmjena Tparcdep yuema KopunhemeM MOJIEPHE HEYPOHCKE MPEKE IMPETXOTHO
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Tpenupane Hax ImageNet-21k ckynowm, a nonemene ImageNet-1k ckymnom.
- Bpoj mapamerapa: ~21M

Tokom TpeHupama npumMjenuhe ce Adam onrumusaTop, a GyHkuuja ryoutka ouhe cross-entropy loss.
Ha ocHoBy pe3ynTata eBanyaiuje Ouhe uzadpan Hajoosbu Moje 3a ¢a3y kiacupukanmje.

[Tpornec knacudukamuje

»  Vna3: pacrepcka pororpaduja aBuoHa

* JIpernmpouecupame: CKaIpame, HOpMAIU3anuja U CTaHAapIu3anuja

*  Kaacuduxanuja HeypoHCKOM Mpe:koM: oapehuBame BjepoBaTHONA MPUTIaJHOCTH CBAKO)]
BapHjaHTH aBHOHA KopHIIhemeM HajOoJber Mojena

* HM3na3: o3Haka BapujaHTe aBHOHA, 3abpaHa Kao OHa ca HajBehioM BjepoBaTHOROM M
KOpHUIITNECHEM COSI-Sensitive IPUCTYIIA Pajid CMakbekha PU3KKa 0J1 OrpellHe Kiacudukanuje
hostile (ump. F/A-18, 6opbeHu aBHOH) aBHOHA

EBanyauuja pesynrara

Kao rimaBHa MeTprka xkopuctuhe ce Ta4HOCT (EHI. accuracy) — TPOLEHAT UCIIPABHO KIIaCH(HKOBAHUX
¢dororpaduja.

3a netasbHHjY aHAMU3Yy nepdopMancu Mojena ouhe nmprkazaHa KOH(Y3HOHA MATPHULA, a TI0 TOTpedn
kopucTuhe ce U Apyre METPHKe Kao IITO Cy precision, recall u F1-score 1o knacama.

TexHomoruje

= [Iporpamcku jesuk: Python 3.x
= Oxpyxeme: [Python / Jupyter Notebook (.ipynb)
* bBubnuorexe u anaTtu:
- PyTorch (Torch, TorchVision) — usrpaama KOHBOJIYTUBHE HEYPOHCKE MPEXKE, YHAIIPET
TPEHUPAHU MOJIEIIH, CKYII U ayTMEHTalHja oJaTaka
- TorchMetrics, sickit-learn — meTpuke 1 KOHQY3HOHA MaTpULA
- Matplotlib, seaborn — Busyenm3armja
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