of

fodo pot wE, ube o

UAV(Unmanned Aerial Vehicle)®= a1 AH], 7
T2, 374 RUEY F Tdg fofllA AEE - OpenMV CA
th. UAVZE 55 FdstdA g5 ol

flo =& T rz &
=)
iy

ty X 4o

TinyWM: ¥y = 3o A A 2174 7|t
HHuE] 2d HAs 9 A HUt

& 5 = +
A TCRTIC Ak MR R R RN o
AW ALRRAATD (ATPEE §FAF) ALY
LIG ¥ =gl A9l

TAFUE T YRR st} W
uskawjdu@gmail.com, woohyun.jang2@lignexl.com, yeonjae.kim@lignexl.com,
jaewon.huh@lignex1.com, woongbak@sejong.ac.kr

TinyWM: Optimization and Performance
Evaluation of CNN-Based Watermarking Model
in Embedded Environments

Nam-Jung Heo', Woo-Hyun Jang®, Yeon-Jae Kim?
Jae-Won Huh? Ki-Woong Park®'
ISysCore Lab. (Convergence Engineering for Intelligent Drone),
Sejong University
’LIG NEX1 Researcher
3" Dept. of Computer and Information Security, Sejong University

7
oA &=
<]

shze) w7pA g 2
L ECIEE
M

B S83% Ateln o8 H3d & = 7 S RS Rl B o B P Sl B = e R |
=24 yAE AErtd 7ee] AbgEn (1. q7te AT
UAVE FRelg &8 7«4 e Fikehs = oEw TS o 2o A2Eel A
gh e e ARE AIREe] Al Feolgk= Al ] gl A 7idke] wAleY dd d4E AY8
ol#lgt ol = UAVE &titel dHb= 7|72 A 71015 WEstAl drt A3 M= Aol A
il &9 deoly A7t de=w . g 2l ok Bl oY YA E vledtrh A4
= UAVY HedS 283 gAd TEE A Ve Aade AAE

9 A, AdE Axge] A&d 3

5 A3t TinyML 7]4F

HA" v Ves 78 e Agdn

S HEd ke yAE AErka 7 2. oM@ o
HIZEAAd 2 A1 S gRE 5 Uk & Aol <E1>3 o] ojulA] yjuke] wAlY
Cam RT1062¢ Awldi= el 98 9 29 A7 ¢ A%, BF, @4 3744 BF=

AxE shver wER T & FRIT o
T ASHT B ATdAE dY o B AP
KR Z

HgahAl A7 %

=
% TinyML 719+ AFE5&

od ATEN  THEA
AAsstn 98 TigML £$4 488 949 9e07 7



ACK 2025 &=

|-.u.|:

!

i3] =2% (323 23)

(24
Aorstt}, o] A teo] A F ube] A AW w
ge 277h AN PutE FAd 44 AW

ofel & Al A

<3t 1> Research on Image—-Based Machine Learning

TinyML

N

I

[
of

Paper Q

Our
[2]
[3]
[4]
[5]
[6]

J.-E. Lee et al. [2]9} E. Rebahi et al. [3]
Me 8w AAY 7o Yy mds
th dETel A YEutaet dE olm A F
wol tl st oA e AFYE
gt FE7] R4S AMgste] fyntaze A
oA ZFEH YHuAE FEZ F vk 9
e P H7kA A o] &

H. Aieta1[4laﬁ?ﬂfﬂ% LBP 5%
2 SVM &7 124S Ab&ste] AATE
T3d3}. OpenMV Cam H7 7hWz =2
of th olmAE g5t FES T
[5] AFolAx= OpenMV Cam
H7 Pluse 283l AAdd 9130 UAVE HFA
7171 S1g vld wals A2 7tk
AT AF 17gd A
Cams &8&sto] bgA o
=3

W. Li et al [6] A7olAE YOLO &aels 7|vk

4 o e [< <<
< o o
<o o o [
<o

2

oS e Jf e

2
Pt % o ot 2

inss

ojv A&

= = 5

wEe 7ol A

a =T

L. Santoro et al.

fr
21_1

1
o

1) CNN & A4 Aenty 24

4 opE

o & Al2gl# UAV Alo] A28l T3S Atet
t}. OpenMV Cam= 83l s AdEHsta o
q ARE f5sto] g fAE Hetdd + vk
ol#gt #HA AFELS OpenMV Cam EEO]
UAVY %3 71548 ®melth
3. AT %Y
31. 24 3xF &F
AT A gl AMEE AE e v 2ok

- CPU: AMD Ryzen 5 PRO 4650G

- GPU: RTX 4060ti 16gb

- RAM: DDR4 32GB

- Storatge: m.2 ssd 2 TB

ASFE Al=" 2] AR St HolH AE
T dF gFel Abggith HoE diolHE A9
shpoll sk AR dHlolHE  22213%eln,  3shite
Epocholl & theF 58 Ax o Al7to] AQ €T}

2. 37 dHolH T4 % dloly HA

B A= COCO(Common Objects in
Context)oll A #|F3F= “2017 Unlabeled images
[123K/19GB]” dHlo|HE  stsFol  Apggich  [7]
COCO HlolH AEE didA & & J& HdAE
Object Detection 8tsFell AF&3l7] fI8|A] &7
dole] MEco|th A3 AAE #FG3 dHolH
UAV7F #Q@st= 843 FAsh7] ool
el 2 dAgt. &g dlo]H /HlEoﬂb = Al
Atolz=¢} ml & o] ZHel 9l Sl Apxlo] 4o lo] H
Ael Aol Hasid. [29 1] 75‘%74 2 A

i
2

ol e
=

o] gy
Bae

I rﬂ e ﬂ

- 267 -



ACK 2025 stzgtErls| =2% (323 23)
RS dFsta Hrtete A4S AEeh = Iz ARgste] [2] SteS FAgE W 25
(23] 2] g5 dlolg o dAe dAE ddsh Epoch ©]dt2+& HAE do|E 2 Loss gto] W37t
Tk AR ThR S AR F oY ke A7) g E Ao gle AS dRlsta 58S T
o] olH| A& ResizeS H-&3 Fol 320x2409] =7
2 AWg3tA Crop ot 3.4, 29 A3}
FH9 »d& Tensorflow Lite W3 3}4S 74
A FE Rdo] AAHET Y A" mde A7)
= 62KB =Z7]o]t}t. OpenMV CamellAE A4 A
2bE Heapol F3a3t7] wiitell, st=gole] Al <fs
aafor ghek [5]. webd AA Ao FAstE 5
gsto] MEYA 7teAe 435 75 A4 o
(¥ 2) Data preprocessing WS sules EdT ‘”ﬂEﬂ e ?
2E g% HolHE -17+12 Normalizations < ol iﬁ%%iﬂ -%:_‘63 e J%}\]ﬂu}'_tﬁﬁ Aéio_
K = o A7 HAE 4 QUvh mde] gzt A F
et e dlolE = AdEA -1 EE_% 1] 2 wue 27 RKBO.E ZolEu)
8x8 HlelH= AAAHM, A4 dugs 2 5 B
dof s A3 B &)} [8 o
xﬂia ;11 ]8ﬂ1 Eiii]oa T
y N B oArelAe FdE ] urhag o
220393 H2S HOlE S eE AARE L e gotas) ssel s delEe] e

Wol s o)

, "} Epochvitt HIAE dlo]E o]

A LossE AAtsta &4 HAE F3)

33. 24 ¥4 H ©Holyg F%

B oA gEntae] 2a4 HRE $6
1744 dolE 57 We dAdew A9 Ay

] o
=1

el EAE A g ot
A5 A2 AY(Crop). s+
Tﬁﬂ% )\/\I:]'~ 2

Transform’,

o] FE A= o]H| A
Astste S
AT A =
‘Crop ‘Jpeg
‘Dropout Pixels Transform’o] thalA d] 7}A] ©lo]
H =% 719S AH&3t aga 48004 AA 7}
W2 g53% HolHE dder oY
AYmt=art A -dstA FEo] H
El=

OpenMV Cam RT1062 7w 2}+= 85MB2] Heap
Adget o] AVlE AL FXol7] Wi
of, Rdls HAAT wi= 2d =7]9 Aoks 1H s}
of AAEoF gty 2 AFolA = HAT] Tt
Huto =z ‘giyuta dud dHolol’st ‘fiEnta

o

=

= RETA

o

o

= T ‘Gaussian

Noise’, Transform’,

=
=

v &L

=

-

= #olo’s F+d3strl #1841 Convolution Layer
TS AREgiTh 58] ‘et Y oo’ Tt
et 25 fFolA sFskr] wiEel HAagh ZE
I (filters=16)7ro. = -4 gk},

o AFAA = ol ATl A AEH FhetvlE gk

PSNR (Peak Signal-to-Noise Ratio) % BER(Bit
Error Rate) Al4tgtc} <3 2>0A A Ht
PSNR ¥ BER<S <13t 5 it}

<3 2> Evaluation Table

Avg PSNR 33 dB
Avg BER 11.194%
Execution Time 3 seconds

PSNR o]l & Evl=7} 4l oju]x| 9} R

oA el FAY F, BN E YhE AER
kel 30dB &I e HAAEE mgE

[3]. ¥ AT elA = HEE AREE HA dHolH ol
Al fIEImbael i o]m A ke s+ PSNR
ARE AAtgitt 1 A3} 33dBoE M| 7MAI A S
R

BER(Bit Error Rate)o] & ¥ QEjnt= v E9}
FZHE Ytz HEAS 2ol S At B
Ao A= ot Al FA(HOlEH F7 7]H)o)

s}
=

HEH ojmA=RY YHrA HAERE FF
A e mtaet Aol disiA H sk
ol Fol th& Ao =W BERS FX7F 10%
oletd w, YEInt=e] HE olth [2].
A HZE d"olgol tjs} tolg F%
] % g3stal BERS A4t 1A 33 o
11.194% X2 Heltl OpenMV Caml & #<]

o,

EB]—.Q_/\(N
= -

=4
dgo=
WO g A3 A

N
i

N .
T Rls

- 268 -



ACK 2025 &4t ED

i3] =2% (323 23)

)
=)
)

2

GBI A H FAA ot Rl F
2% 71W)el 48w W, AEnta 239
s1E gaw (19 4 Advag 48
st dEma % Guol daly 2
Jgo] 28 Auvae Y wsE

—_I_ﬂ
o
A

(R,

1

=]

N,
S~

> Nt S
(o,
okl e B
o

N fo

Lt
&
o

(29 3) 7HHlEl REA F53
A9 A v
OpenMV Cam EE°] F&& 53 o
H S SAso. 7 243 1.131W(4.71V/0.24A) &
vletm,  ol= gzl Tolo A AU
15W(5V/3A) A8 Anvlel vl g

s
£

3t g 3k A A
UAVSF &&3te] Add X9 adds 5
+ 9g ol Nhan

Acknowledge
o] wEe 2022 ARCIIAGR)] AU T

ZEANEATRY ALS
(KRIT-CT-22-051)

aned

[1] 334 and 2718, “TAF

[2] J-E. Lee, Y..H. Seo and D.*W. Kim,
“Convolutional neural network-based digital image
watermarking adaptive to the resolution of image
and watermark”, Applied Sciences, vol.10, no.19,
2020.

[3] E. Rebahi, M. Hemis and B. Boudraa, “Image
Watermarking Technique Using Convolutional
Autoencoder”, 2023 International Conference on
Electronics, Control and

(ICAECCS), BLIDA,

Advances in
Systems
Algeria, pp.1-6, 2023.

[4] H. Ai, H. Xia, W. Chen and B. Yang, “Face
Tracking Sign-in System Based on LBP Feature
Algorithm”, 2020 Chinese Automation Congress
(CAC), Shanghai, China, pp.2257-2262, 2020.

[5] L. Santoro et al, “A Plug-and-Play
TinyML-based System  for  Drone
Automatic Landing”, 2023 IEEE International
Workshop on Metrology for Industry 4.0 & IoT
(MetroInd4.0&IoT), pp.293-298, 2023.

[6] W. Li, W. Huang, Y. Li and L. Wang,
“Design of Joint Control System for Target
Detection UAV and Ground Vehicle Based on
YOLO Algorithm”, In Proceedings of the 2023

11th International Conference on Computer and

Communication

Vision

Communications  Management (ICCCM  '23),
pp.70-"75, 2023.

[7] COCO Dataset, Available:
https://cocodataset.org/#download.

[8] WaterMarking Model github, Available:

https://github.com/CherryPichu/WaterMark_Model.

- 269 -





