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Abstract

Neural network-based deep learning technology is most widely used in image detection, classification, and
identification. However, because a large of image data is required, its use may be limited in specific areas such as
military fields, where data acquisition is limited. Therefore, research on how to achieve higher performance with a
small amount of data is in progress. In this paper, after collecting images of tanks and armored vehicles that are
maneuver weapons systems, an ensemble was performed to obtain the average of the predicted values for each model
derived through transfer learning. As a result of analyzing the accuracy of image classification for various ensemble
combinations of multiple models, for the image dataset considered in this paper, it was confirmed that 98.5%
classification accuracy could be achieved with only a combination of two heterogeneous models, InceptionV3 and
DenseNet121 ensemble.

Keywords
image classification, machine learning, deep learning, transfer learning, ensemble

*

*

O77HEg sty Jd3A 5 Huole 3-8k A - Received: Nov. 02, 2021, Revised: Nov. 25, 2021, Accepted: Nov. 28, 2021

- ORCID'": http://orcid.org/0000-0002-3094-7436 » Corresponding Author: Ji-Hoon Bae

- ORCID* http://orcid.org/0000-0002-5041-176X Dept. of Artificial Intelligence and Big Data Engineering, 13-13, Hayang-ro,
7 EY gt AR - uo]eF8} 204 Hayang-eup, Gyeongsan-si, Gyeongbuk, Korea,
(*** AR 2D Tel.: +82-53-850-2883, Email: jihbae@cu.ac.kr

- ORCID": http://orcid.org/0000-0002-8163-9388
- ORCID* http://orcid.org/0000-0002-0035-5261


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2021.19.12.1&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

2 NNEFNAA B/

A AR mw%—ﬁ i
.___Q_ /\113 )\ ul Xﬂ ] ota‘ bk

A
AT 01 % ?‘4E% %%‘5?} =A 48 5 g
TolAE el 7€l SRR FEH 9
A, g A Sd disiet Aol Fu2 A%
ASHNG. o, "d Ve B
Fo delHE 3, kst dae sds=d
AEME 7oz g Fehe-= A2} HHolH,
& =4 AW o] Wy AfEZe WUk
A okl Ae TR ko] uFA doly
7b 7hsstd = BoklAde dEY 283 =T
2 AW = Sl A’ Aol 1, 2R Bl
et H24d =4, A= 234 Sl ?{P R
Hetst Add EA 5ol Wk %‘: Hele g 2
82 3= 9yY 7les A = o Aok

ArEol BAEAL Ih H = £of o9l &
4 ToklAE HolE 2ol tigh FAZ Qlste]
Bed 7t 7les A AF w2 A8k 9
oM 2 Xﬂfz}/\}?%%ol ‘%"ﬂﬂ »1 H, ol S5

LS.:

m{o
by
Obo
ofr
o’I N
E

HEE B8dh= ”\l Xéé} EO]EOM "l lg
< 7tz 3 24 g g A tid a7t
T/ AL QTH2)-4]. sHAT,
7190 AFsti™ =1 Zoke] Hloly 5 A

oz Q) A AAl HEshrldde Aol #5
g %ol 4 Y S 22 54 Eol Hl
olel7} FHFHo BAe AA AEd]de B

A kAL Eo] HAE JhsA o] ot Aghd
EB‘] Ao Aol A & ZHA AR 2 AA¢

AN S, 8 BAY 5

Wb, B =Rl lEMelA #0E A7
2o AL 71EH71AA oA HolHE 780}04
)\(jo]ﬁ]-l: 7]H 00

gt
?élﬂr ﬂolﬁﬁ* H&‘:ﬂ | gk dwS g} 37 A
= x%o]ﬂ-ﬁo _/r:fs(l)h:s} 7337,}% 0]%—61 O}A}

T AFFZIAANA ARk Ahaks 2¥
At 42 B dFE sdskES AAd E
o 71EF71AA It A= OF 13 o] t

FAA= Fejo] AAe AE )T FE B
T(he HAstq 2 9 71Fde A3
AN Aoz AFE FHst oo Ao

7}
D
=}

F8 Yol At F BHE opiAH o
AL F0) T SHE S olgate] of 3
ALS st AuAs Bho met A 5
AYASE BRARAF FOE el 4 Qi
AFH A3 Lol ARG AFLe FAAAD
0 B4ES 7T ek 19 29 2o 7]
Sugal] S8 UREe AadHe A
2 s} 93, Aol §5T 5 UEE Hol
17k 2, I%Oﬂ—b QR wet F(1) 7
SE, ALY, B 2 Sol Balse] gk

ZL.E:! 1. EK} olg|x|
Fig. 1. Tank images
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Fig. 2. Armoured vehicle images
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Table 1. List of experimental data set

Class Training + Validation| Test | Total
Tank 1,500 300 | 1,800
Armoured vehicle 1,500 300 | 1,800
Total 3,000 600 | 3,600
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Table 2. Hyper-parameters of pre-trained models

Input size |Batch size| Optimizer| Epoch | Leamning rate
224x224 32 Adam 100 le-5
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Table 3. Test accuracy for top 3 of each model

- = Test aczcnljracy( %) =
VGG19 95.3 945 93.1
MobileNetV2 95.3 945 94.0
ResNetb0V2 96.5 96.3 96.1
DenseNet121 97.1 970 9.8
InceptionV3 97.3 97.0 97.0
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Table 4. Detailed combination method of ensemble model

Ensemble combination Accuracy rank
Two 1st / 2nd
homogeneous Model A/A 1=t/ 3¢
models o /3
Two ENEE
heterogeneous | Model A/B 2
models 39/ 3¢
Three
homogeneous | Model A/A/A 1t/ gd /3¢
models
Three 111
heterogeneous | Model A/B/C o /o | pnd
models 39/ 3%/ 3¢
Four s g
heterogeneous  [Model AB/C/D| 2%/ 2™/ 2™ / 2™
models 3rd / 3rd / 3rd / 3rd
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Table 5. Result of homogeneous model 2 ensemble
combination

Ensemble Accuracy Model Ensemble
combination rank | accuracy(%) | accuracy(%)

VGG19 X 2 19/3% | 9563/931 | 958(+05)

MobileNetv2 X 2 | 1/ 29 | 953 /945 | 951(-0.2)

ResNets0V2 X 2 | 1/ 2™ | 965/ 96.3 %.5

DenseNet121 X 2| 18/ 29 | 971 /970 | 975(+0.4)

InceptionV3 X 2 | 2/ 39 | 970/ 970 973
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Table 6. Result of homogeneous model 3 ensemble
combination

Ensemble Ensemble

Ensemble model accuracy(%) of | accuracy(%) of

- three two
combination
homogeneous homogeneous
models models

VGG19 X 3 95.6 9.8
MobileNetV2 X 3 95 95.1
ResNeth0V2 X 3 9.8 9.5
DenseNet121 X 3 976 975
InceptionV3 X 3 978 97.3
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Table 7. Top1~3 ensemble combination results of two
heterogeneous models

Rank Ensemble Model Ensemble
(Model) combination accuracy(%) | accuracy(%)
971/
st
1 DenseNet121 / 973 78
InceptionV3 970/
nd
2 970 8.5
DenseNet121 / 9.8 /
InceptionV3 97.0
rd
3 ResNets0Vv2 / 9.1/ 975
DenseNet121 %.8
E 8 37 o|Z=:ol st Al 1~-3=9 otalE =F
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Table 8. Top1~3 ensemble combination results of three
heterogeneous models

Rank Ensemble Model Ensemble
(Model)|  combination accuracy(%) | accuracy(%)
VGG19 / 9.3/
DenseNet121 / 971/
o InceptionV3 97.3
1 ResNet50V2 / %5/ 973
DenseNet121 / 97.1/
InceptionV3 97.3
ResNet50V2 / %63/
2 DenseNet121 / 970 /
InceptionV3 97.0
VGG19 / 931/ 9.8
3¢ DenseNet121 / %68/
InceptionV3 97.0
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Table 9. Top1~3 ensemble combination results of four
heterogeneous models

Rank Ensemble Model Ensemble
(Model)|  combination accuracy(%) | accuracy(%)
VGG19 / 9.3/
o MobileNetv2 / 9.3/ 978
ResNet50V2 / 9.5 / ’
InceptionV3 973
VGG19 / 945/
ResNet50V2 / 9.3 /
nd
2 DenseNet121 / 970/ %3
InceptionV3 97.0
MobileNetV2 / 90 /
ResNet50V2 / 9%6.1 /
rd
3 DenseNet121 / %6.8 / 975
InceptionV3 97.0
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Table 10. Final result and rank of ensemble combination

Ensemble
L Rank
Ensemble combination accuracy |Rank
(Model) ()
Two DenseNet121 /
heterogeneous | ionV3 98.5 1
odels nception
VGG19 /
Four
ResNet50V2 / nd
heterogdenleous DenseNet12] / 2 93.3 2
moaeis InceptionV/3
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Two
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models neeption
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Table 11. Ensemble accuracy result after adjusting the
ensemble weight ratio

Ensemble Model Ensemble Enssimble
combination | accuracy(%) | accuracy(%) acquracy(%)
(weight ratio)
VGG19 / 93.1/ %.1 96.5(+0.4)
ResNet50V2 96.1 ' (0.2/0.8)
VGG19 / 93.1 / %5 97.0(+05)
DenseNet121 %.8 ' (0.2/0.8)
VGG19 / 93.1/ %5 97.0+0.5)
InceptionV3 97.0 ' (0.1/0.9
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