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Image Synthesis-Based Data Augmentation using Mask R-CNN
Self-Propelled Artillery Object Detection Model Performance
Improvement Study
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Abstract The applications of Al technology have limitations in defense, such as the difficulty in obtaining
sufficient high-quality big data and the lack of diversity in the acquired data. This study evaluated image
data augmentation methods suitable for military operational environments to overcome these issues.
First, the object selected is the "self-propelled artillery." By separating the object and synthesizing it into
a specific background, an image synthesis-based data augmentation method is proposed to address the
lack of data for military operational environments. Self-propelled artillery images identified in winter
were used as test data to verify the performance. Three methods are used to augment the data: the
baseline data augmentation method using self-propelled artillery training data identified in non-winter
environments, data augmentation using Cycle-GAN, one of the image generation techniques, and the
proposed image synthesis-based data augmentation method. The object detection performance was
compared using the YOLOv5 model.

The results show that using the image synthesis-based data augmentation method with the augmented
training dataset achieved the highest performance, with an mAP (0.5) of 97%. This study shows that
image synthesis-based data augmentation can address the lack of diversity in defense sector data. In
addition, it provides a method to improve object detection model performance in weapon system
detection.

Keywords : Data-Augmentation, Object Detection, Mask R-CNN, Image Synthesis, Self-Propelled Artillery

*Corresponding Author : Su-Hwan Kim(Korea National Defense Univ.)
email: ksoohwan@gmail.com

Received August 17, 2023 Revised September 15, 2023
Accepted November 3, 2023 Published November 30, 2023

143



QHEARSH| &80 =5 A A248 A|11%, 2023

=

—

1. M
421 A4 Al ol28 AsAls B 7]so] T
L, FME ol HEsh] Al =l ot X2
YA 4.004% 5744 34 5 stz (Al
A Ay gE'S Fom AW 79l - 2R HE
AA A9 2FEE A3 =stal ot ok, FejolAe
= 2o A5AlE 7IeARgel titt w2 +8E ]l
A=, 25, 34 B, 54 59 EoplA A
How A2 R ATH1].
olfet AFAIT 7IEs = £okoll 28] fsiA
AEAs ZeZ SEA717] A% Tt B2 ¥
shadlolel7t Basttt. ARt 18 Zope] S42
3 o &9 HiolHe S2d Hlolg 9] F A= A
, HloTE 9] tefd SN B3 AdRFoltt2].
glolgo] ttFd> vl Sasith. AAEA 2do
2d g7t A g5E dolHol s #2 s

& AAR SsEA] ok ElolEE s gl

Al

o -
< 23

o
i)Y

ro,

s}t
of

> o f% oy K

T 4] A8 A A Aol B84 U
o2 Brle Ho] BEL W v, 2o At Q1B
A% weso) % wa £ ek 4K 4% v gerd
2 rHs 921 2e 4 9k oleidt W 1 1
shaulolE|o] Ty HELS AR JABAL 114S
u Bolol] 4837] 98] 7 WA shasior & A
o sffolrt.

2 ATolNE 2 BAA F AFEE A2 A
slo] HlolE e TABIAL, AT BAY A4 AFE
dlolelE xste] ARk o] s, Hole 4
o) AR o} AFE HoleS sttt o
gow 7 A ¥4 & 5AS A, oluq ¥4
7%t dolela7 WHe Eo 5A 24 9 AFno

=

o

=

ARG A5 wol7] 98 A AWSAL, /&
olm|x] Blo857 Wizt HIE EAstoch
oA A 7%t dlold FAHe AR e

o]0l X AAE Eelste] Yok= vl F/dste o]
u|Z]9] gk S7HIZIE wWdolH, B dolAe
AAE Eeolz A old AdET= HEA
Mask R-CNN 223 ARg5to] AREO] AQAIZME @&
okal, 8olds &

£ A9 7432 27004 olulA] HolgF3Tt 7]
AA AAEA] 712AE SopE, 374 & Ao
A AASkE olu|A] 3h4g 718t dlole] F7FERol sk

144

Lottt 4304 A9 dlolHAe] 74t AR Hlo]
B ST s vnE A3t 71E Holy S
A HolE T 530fA= Holy S e A
AR 4g5E vlastal vt oo A&
AT = AN

2 3%

ey

[y

2. A

2.1 O|O|X| HO|EIEZ

olnl] Hlo|g57-L 27442l ofulA] Hloje st
olele A9o] ShrEl PR ojuxg uigow 7% W
e AFg3to] olulx] Hole 42 27717 S8
T Hopoltt,

228] 5312 4191 Bok A4l olnlx] 44
71491 Ak 34 AAHGAN) 7)8F REE A18siol
B2} s5TolES S4RAL, AN SIS A58

H AXNT AR AA"RS RS Yol HT1RA,
E09, EE AR 4 37H S &89) shrlo]
HE 345tk

T F71AAL] AAEA = =ol7] {3t HlolE
T AT E Fu 5512 A4 Axpel gt AA|
2] A5S P YallAl Mosaic Augmentation,

SinGAN, RandAugmetn 37} %] dlolg Z4%
ol 23 ASlelY, RAYG61S & AFo| &=
oyt et Soll 7HeHo] wol IStk Aol 2%t
stod 7H3E 2= HlolEE /5t ShatHolEE &
Bttt A5+ 5712 4= A3 ARLE =35H
o, QUHSE EHAIR <ls) A AHo| ojH S H
Aotz sl oJu|A|of o] =& 7iehe HolH FAHH
< ARgsRTh =9jolAE WILHELM OHMANI8] 5
| & 571 AA dold &EE {15l 3D FAF AlEE ]
E VBS39] ou| & &&3 FAHolHE WEol =
gt HolHE Sk WS Aotk

o
=

[¢)

EATES AA) WIS Fol WAL, ¥ o
FoHE AR WAS WAslel HoleE UGS

|

mo] B S7F aE s

[¢]

2y

3. O[O|x| 712t HOIEISE

olulx] 3+g 715t dlojg JTFHL2 oln|A] Y I+
£ o] 9E olu|X|of| TA5k= Copy-Pastel[9] B

H O



Mask R-CNN&

o] &3t oJulA] 3 it HolE S AFE AHEA ZE H5FE AT

HE &8ol= Woltt. 71& Copy-Paste WA=
17§29} ou]z] dloJEAl ol A o]w|z|e} viZo] &
oju|AE 7t Meisto] FASIRAINE, 2 AoAle
Fig. 13} Zo] A7} Aegi=l= o|n]x|e} vi7o] & ofn
A& 5t HlofellS —T’-’“ﬂ‘ﬂ to[El37E Sttt
tlolEE & RS ol + B4 85 THse &
S A olu| A7} ALt HH%?J d& aEsto], 77
AA BAE BASte] AHZL wiAo| dshke Aol b
o[EjAle] TS EE|E o Evto|zka TSt

@

(b (©

Fig. 1. Example of Image synthesis process
(a) Raw Image (b) Background Image (c) Synthesized Image
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Fig. 2. Result of Mask-RCNN
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Fig. 3. The Structure diagram of Mask-RCNN
algorithm.[10]
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Fig. 5. Result of image Augmentation
(a) Basic (b) Cycle-GAN (c) Image Synthesis
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Table 2. Experiment Dataset

Experiment #1 #2 #3 #4 #5 #6
Basic(B) 440 - - 660 - -
Train Cycle-GAN(C) - 440 - - 660 -
Image Synthesize(S) - - 440 - - 660
Test set 67 67 67 67 67 67
Total 507 507 507 727 727 727
5.2 HYEXX| RE k& Table 3. Experiment Results
7—‘173]‘%1'1] E‘Ei:l% YOLOVA M= /\]"8‘31'01 Table 29’] Experiment mAP(0.5) Precision Recall
dojgAlog sh4g XIsYstTt. #1(B, 2¥) 90.4 % 82.6 % 85.7 %
e #15H A9 #3713 2 HlolE SPTHEE A #(C, 2%) 845 % 83.8 % 74.0 %
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g5jo] grole] 220718 2915 27kt Shrolele o0 T oms T waa Toosw
Astd 1 Al HE AlY #671A= ZF glolg] =7
TSR, _é“ AT AR #07AE ; 1} I8 57 #4(8, 3%) 912 % 8.1 % 77.0 %
S AR5t YiEHolHE 3ul4: 733t ShGTolE
o aeied #5(C. 3%) 87.6 % 84.7 % 79.2 %
& s, #6(S, 3X) 97.0 % 64.0 % 91.4 %
st 7t Hyper Parameterse AFASHSE YOLOVS y — — i

2d9] Default 3+& ARES}E, Learing ratew 7|2
0.019914 0.005%92 Tuning }EE AA 7P &2
& Hl = ARESHATE FHFZHoE olmx|Y
Input Sizex 640 x 640, Learning ratet initial
learning rate® 0.005, final OneCycle learning
rateE 0.0005, Momentum=> 0.937, batch size=
1602 AA3slo] 150epochse AAoIAATE.
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Table 4. Comparison of Performance Increase
according to the amount of data

augmentation
. . Image
Type Basic Cycle-GAN Synthesize
Comparison #1, #4 #2, #5 #3, #6
Difference 0.8 % 3.1 % 58 %
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Fig. 6. Comparison of Object Detection Results
(a) Basic (b) Cycle-GAN (c) Image Synthesize
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