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ABSTRACT

This study focused on the development of a reliable artificial intelligence (Al) model to
enhance the classification reliability of ground weapon systems for surveillance and
reconnaissance applications, The proposed Al model overcomes the limited data availability
of military objects such as tanks, canons, and multiple—launch rockets by leveraging transfer
learning and fine—tuning techniques. A comprehensive evaluation of 35 deep learning models
using the publicly available Military—Vehicles dataset on Kaggle identified MobileNet as the
most suitable model for ground weapon system classification, The selected MobileNet model
achieved an average F1 score of 92% when tested on a dataset comprising five types of
ground—weapon systems, In addition, the application of the explainable Al technique
Grad—CAM provided insights into the decision—making process of the proposed model and
verified its reliability, Real—world evaluations using frames extracted from training videos
demonstrated promising accuracy for tanks, canons, and multiple—launch rockets, However,
challenges related to object occlusion and the absence of target objects in the images were
observed, which resulted in misclassifications, Overall, this study contributes to the
development of explainable and reliable Al models for enhancing the performance of ground

surveillance and reconnaissance systems,
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2.2 3 7| 1%

2.2.1 Z0]85(Transfer Learning)
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<Figure 1> Transfer Learning (a) and Fine-Tuning (b)

2.2.2 MobileNet
MobileNet-2 7 3+€] H|H Hofol| A AR&E]+= CNN(Convolutional Neural Network) X2 % 3}
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<Figure 2> Depth—separated convolution and pointwise convolution process

2.2.3 CAM(Class Activation Map) & Grad—CAM(Gradient—weighted Class Activation Map)
ojuj 2] EFo| A AR&-E+= CNN(Convolutional Neural Network)2 Uubz o2 JedE E3 3=
Z(Convolutional Layer), &3 £& Z=(Fully Connected Layer) 2.2 LA % o] QltHeg., Park,
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54 &5 Sl o =T olE Sl BeSk(Flattening) & ARE-SITE o] T oA 7}
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<Figure 4> Experiment process and information
3.1 & AR7 A5+4
A A= CNN 2do] Hde2 vl F7F 9 A SHE $I3 HAut= glojyg AE=

Kaggled ol 57§ Military-Vehicles g|o]E9& AHg-sl¢ith Table 12 3l|g tlojE] A EQ] ¥
gt |3 olulA] Hlolg /S UEhdth

4) Kaggle2 tlofe] 24 3 walegoll thgt skt o7t Eels EECR IR, 71 e B4 ARAPE HiolEE
A EAE A5 Kaggle AMEAF it BAof gt &5 AI&E = Utk
5) https://www.kaggle.com/datasets/amanrajbose/Millitary-Vechiles
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<Table 1> Number of data per category in the Military-Vehicles dataset

Class Name Train Image Test Image Validation Image
Anti-aircraft 942 337 404
Armored Combat Support Vehicles 937 335 401
Armored Personnel Carriers 944 337 405
Infantry Fighting Vehicles 47 338 406
Light Armored Vehicles 951 340 407
Mine-Protected Vehicles 1179 421 506
Prime Movers and Trucks 1170 418 502
Self-Propelled Artillery 1188 424 509
Tanks 967 345 414

5 WA Military-Vehicles golg] AEe] Wi tiehals 0] 2744k Qx5 o
b BAEo] QIekD oldd BAIE l2sk] S8 kS FAAA A 55 4%
sto] QI UelA s FAAAY o]« dlo|8E skt Figure 5t AHUA] 43¢ o
oJEE AR WFO] A9 K22 #N3 A0S +ustaom, AXE W] 49 K9, gz
A MEo A9 K230, AFHTE WFe) 49 K30, HHAREAY W7o 49 K212 44
Ane 247 0084 sk

6) 7S T AT KA Y HHASA) /s e 2 daielo] w2y ke 25 2871l w2t =24
RHAEZRZEA0} W e 2] = 7R 2 281 QI (https:/dtims.krit.re.ki/vps/vpsFileView.do?attclden=BKC
000220211028173624611&attcOrdr=2&tabsGubn=VPS_DSP_STMG). 3}x|7F Kaggleo| A 2715 dlo]E]lS EH ACSV,
LAV, MPVE A 7kl Shars SIS 4= §lof olof] wet 71 ehllg& ARESle 7ol shute] 7 |AA7t
of] epale] 43R BAZ} LeR 4 9lo] B Aol Al 712 Kaggle Hlole] Ale] 2hikg webrba) gb et
A epe AR
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<Figure 5> Image datasets for ROK(Republic of Korea)'s representative ground
weapon systems

Al Al At 7hsde Brksh] f8l fRE = NEWS, =% TV gl 37id &4
YA oJuAE FE3A HlolH MES F=3hth dAl & &9 8E ARS8 Hle B2
Hob Bl A=A AR Qs fREel 4" £H 4= ARt en wholid 7|Hke] o a4

2 azEgelel yi-dpd Agstel T GAS tHeREsg.
A

o 23 oloAB MA Piste] BRIIIA S AAF Qs A Y st
ul. AP 605 o|u A TA9IE HAste] F 18049 olu|x S Hlstek Figure 6 H7}

7) [Bz2370] K244 2 S JHESAD, https://www.youtube.com/watch?v=2T tH 8vERk
S, AF FEEF 3600 1 A AA F2HK239, htps:/www.youtube.com/watch?v=YNIMLcTqRIg
St 8t K9R}SE AXLA &8 =24} hitps:/www.youtube.com/watch?v=5JYZ0FyS39Y
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(a) K-2 Video (b) K-239 Video (c) K-9 Video

<Figure 6> Datasets based on real-world training video
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<Table 2> Hyperparameters used in training

Hyperparameters Value
Input Size (width, height, channel) 224x224x3 (pixel)
Batch Size 32
Learning Rate le-5
Epoch 1000 (Step)
Optimizer Adam
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V. 248 23 9 4
4.1 A¥ A7(1) : Military-Vehicles Hlo[E] AE

ol Hlole MEE AMgste] 27149 dd& A
L(Experiment 1) A 8h5HF 2-8-3to] A3ty on s A2 ImageNet H|oJE IE A}
ot ONN 23 7Rte 2 s giofg AEf| 5| ®dlo] &8s w43k E3F o
gl A OlUW?J E4& #&%he 54 7 52 5 HA gEE $A% SAER

g Sslgt AE2Experiment D& AHSET UAEES BE A8t 4@
A

o
o At & oo o

ImageNet o] €] *ﬂEi AP Bk CNN 2dls 7jito s B4 32 33 B4 &7 55 &
aH455qith o] UuskE 4 2% 2 Military-Vehicles Hlo]E] AE BHZ st 3 W A

= g2A4 A71% golE AE g EAE FE5H 2/t 7IeS ShEehA ok

A1319] 2 ResNet50V2, ResNet101V2, MobileNet, DenseNet121, DenseNet169, DenseNet201

2EO] AH3E 7} 90% ~92% US> Bl on, AF2E Xception, RestNet50, DenseNetl21, Dense
Net169, DenseNet201 2@ o] AZE 7} 90% ~98% =2 LEFGTHTable 3). A&7} 2004 A%
o] 3435 FAE mEL ResNeti0, ResNetl0l, ResNetl52, EfficientNetV2B0C.2 #etm7}
55%pol A TI%p7kA Z71stsiek. ol ImageNet Hlolelold Sh¢ 8 e Quistd 43}
Millitary-Vechiles glo]ele] E4o] zjolt 9lg-& B 4 qlow] 54 +2 F& shashe 2
o] f 222 oF £ 9t}

ResNet, DenseNet#} & 292 Q1A% malo] 4] A} &4)(Vanishing Gradien) 2AI1Z 3]
27] 913l 270 AA(Skip Connection)o] A§=lo] Qeigkol VEAE A4 Batsto] o e
ool HwolE o] FRE BET 4 AT VGGI6H VGGIE g whe] 28
A go} mA) 2L A3 AT v} Ao As) FIHEI} 22 %, 0%p AAT A
shlaheich. AW 1 AR L 80% ol o] AeES Holn mdl Aol AMEHAL Ak @
Zo] o Xception, ResNet50V2, MobileNet, DenseNet121, DenseNet169, DenseNet201 =&l
bsick

B mlo Q

R

o JLOL 30, Ai,
ol
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<Table 3> Experiment results on military—Vehicles dataset

Experiment 1 Experiment 2 Change
Xception 83 9% +12%p
VGG16 86 11 =75%p
VGG19 81 11 =70%p
ResNet50 28 90 +6226p
ResNet101 26 87 +61%p
ResNet152 29 34 +55%p
ResNet50V2 90 89 -1%p
ResNet101V2 90 34 -6%p
ResNet152V2 87 83 +4%p
InceptionV3 73 34 +11%p
InpceptionResNetV2 7 86 +9%p
MobhileNet 93 93 -
MobileNetV2 90 85 -5%p
MobileNetV3 Small 11 9 —2%p
MobileNetV3 Large 26 12 -14%p
DenseNet121 91 98 +7%p
DenseNet169 91 9% +5%p
DenseNet201 92 9% +4%p
NasNetMobile ) 70 -9%p
NasNetLarge 85 ) -10%p
EfficientNetB0 11 11 -
EfficientNetB1 11 9 -2%p
EfficientNetB2 16 9 +7%Dp
EfficientNetB3 11 8 -3%p
EfficientNetB4 12 9 -3%p
EfficientNetB5 15 9 -6%p
EfficientNetB6 11 9 -3%p
EfficientNetB7 11 9 -3%p
EfficientNetV2B0 11 82 +71%p
EfficientNetV2B1 11 12 +1%p
EfficientNetV2B2 16 11 -5%p
EfficientNetV2B3 16 65 +49%p
EfficientNetV2S 42 72 +30%p
EfficientNetV2M 12 28 +16%6p
EfficientNetV2L 19 27 +8%Dp
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Table 4= 3 md wtd =37](Size), 229 mtetu]g] 4=(Parameter), 3=ZA]7HCPU, GPU
Time)& v|w 3t Ao 2 CPU= AMD EPYC Processor (with IBPB) (92 core), RAM-& 1.7T GPU
+ Tesla A100 7S AMERl o™ FE2ATH 28 58 ©AT ATk 30719] vj=]ef 105] 9] ®F
5& Fatgh AlRE grolthd

<Table 4> Model-specific information

Size (MB) Parameters (M) Time (ms, cpu) Time (ms, gpu)
Xception 88 229 109.4 8.1
ResNet50V2 98 25.6 456 44
MobileNet 16 4.3 22.6 34
DenseNet121 33 8.1 771 54
DenseNet169 57 14.3 9.4 6.3
DenseNet201 80 20.2 127.2 6.7

A EAA | BAE s Aol qlof Aabge] Alrte= Qs mdlo] 7|7k 211 wje}
o] e 9] 47t @& Xceeption, ResNetb0V2, DenseNet169, DenseNet201 &2 ZFA| A2 A A &
o] ofHriar wekEoh B3k AAIZE &7 Aol Rdo 8 £k $a% a40H GPU
A= & Algbo] Hlstdl oy 222 9%t stedlolE AAEA A F7sof gtk
oj-2-o] ZAgtct. o]of uhg} Xception, ResNet50V2, DenseNetl2l Rd-2 =& Aol &5}
A FE ST AA o2 MobileNet Hdlof Hslf =2]7] ufjizof AgselA] grrhal weks)eir)

oj#et e A Fske] MobileNet o] ZAGEA A A= A F71AA E27E
ol

SJat g mER A Agsietn BekE.
4.2 A A(2) 1 5% FIIAA dlolg] AlE
Military-Vehicles go|g] AE<Q U3t A1} AAZHS 7|HFS 2 MobileNet ZEl-& 5% F7|
AA tlole] NEE AHgsto] S5t H7HE & stoitt. Ajbet mdlo] A58 H7kst AyH(Table
5), Wi Fl-Scorel= 92%o]m ol mre} 86%0l 4 96%9] 452 eHelster.

8) https://keras.io/api/applications/
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<Table 5> Experimental results of the MobileNet model on a dataset of 5 weapon systems

Precision Recall F1-score Count
K-21 9% 9% 95 60
K-239 A 98 96 60
K-30 93 9% A 60
K-9 34 88 86 60
K-2 9 83 88 60
Average 92 92 92 -

Fl-Scorel= o] o} eish el SshaAl s 44 o5 9FE ¥44 geAS @l wefst
L ARE 54 13} Zol AEE FUE, @&, Fl Scorel £ e
A7t BT S HHEE gAstel AgHt

_ Precision X Recall
FlSeore =2 Precision+ Recall )

H

1
U AZeh Az B ARAE, g,
]
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<Figure 7> Number of actual and predicted categories

Figure 8& 5% %7134 %7} dloleol A gup27] B5e o] Grad-CAMS 83 A3}
2 ot mdo] djg WRE Bk bl Qo] g ofu|X|o] of@l Hio| AFWEAE A7
o 813 4 9lt. 0|5 B walo] oA H4S Selshu] Algte] Tt 7|EolA Hojtks
A2 BT ()~ (D BEARTe] dite 715 87, 28} SHoIAE ofn|x] yo] mud
a0 gjelo] AEE0] SulaA BRaln Yt AS BRI 4 Atk (©~ (Wi gzl
Avte 2q) A7 A, A &, WAL 5 chre Al AE ofulA] o] B AEaere] gelo] 5
ZEo] guts] BREAG ()~ AFggEe] ditw 22 dol ey, 7Bzl Ao
& FFeaL, ()~ () AFEe] AThe 72 24, A 9] dARe| e Ao |
Bt (@~ 0% Axe] 25 Autz g A AFsHs A 8ld & oo
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(b) K-21 (c) K-21

(h) K-239

(@ K-2 (r) K-2 (s) K-2 (t) K-2

<Figure 8> Grad-CAM application results (classification)

Figure 9% 5% 71474 #7} dlojeoj] 2% H78 vlo[ejo] Grad- CAME 2 8% Avto]
o}, (a) B AR Grad CAM Z3o|o] (b A5t E20| Grad-CAM Afo|c}, 25 9
FHOR Q) HHAEASS AFHFER BE ST AL FAY 5 Uk Ok AFE
Grad-CAM Z7tols] () A% ThZES] Grad-CAM Axfolch. 94| (b2} FAsHA Eg ofx =
Vo A BER BE dlZT AL AT 4 Atk (O A% BES| Grad-CAM ATfolw ()
£ B AR Grad- CAM Aupoleh, A5 gL o] WEHo] L8RI} Aot AL
A% 4 dlek. (@2 (e 3 oluHo] AFEe Ax7E o] ol W (@) Axe] Grad-
CAM Zztoln] (h) A7e] Avtolch. g Polel AR ehllo] Hof glov] Az Lul
27 6|5 Afolct. Aujolelo] A% ThE W7} 2ol EAeE melo] & THAL 93
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il

lgt 4= Sick ()~ ()& 3 oful o] AAYFOR AFE, AFWFE, A%, RHVEFIRE
TAE olulAolth. HEAEGIALE BYATAFE] A AHOR AEolHLY BY Ed
Aol Wgstel myAEAFoR BRE AL 0 B9 & 4 9tk ()= AFUYFE, 0=

3, ()& A2] Grad-CAM AFfolr}.

(a) actual (b) predict (c) actual (d) predict
K-21 GardCAM K-30 GradCAM K-9 GardCAM K-30 GradCAM

(e) actual (f) predict (g) actual (h) predict
K-30 GardCAM K-21 GradCAM K-2 GardCAM K-9 GradCAM

(k) )
K-21 GardCAM K-30 GradCAM K-9 GardCAM K-2 GradCAM

<Figure 9> Grad-CAM application results (Misclassification)
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