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Abstract

In this paper, we propose a watermark extraction method of omnidirectional images using CNN (Convolutional Neural Network)
to improve the extracted watermark accuracy of the previous deterministic method that based on algorithm. This CNN consists of
a restoration process of extracting watermarks by correcting distortion during omnidirectional image generation and/or malicious
attacks, and a classification process of classifying which watermarks are extracted watermarks. Experiments with various attacks
confirm that the extracted watermarks are more accurate than the previous methods.
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Table 1. Parameters and datasets used in the network

batch size 512

Parameter epoch 500
learning rate 0.00005
Dataset (Train) Training set 25,100
(8x6 image before QIM) Validation set 7,100

—

TS ASATo S 24 GdelM 8 22| SIF
3

1
S 3202 U AR Ak F 3AT S
S
=

[ ooXx

=

R et Fa gl F 2510070, A5H S
< 7,10071 €] HolElE EFetil 9 BHZ]EU o} ok
T-3FRAL, oll Z(epoch)y> H

& 7bA s

ofN o

=
(learning rate)=> Ao 2
Hetell gk SA%r7t 4

40 20
—u— Train_Image —®— Train_Label

35F 5 —o—Valid Image —o— Valid_Label

Image loss
Label loss

0 100 200 300 400 500
Epoch

(a)

F ARS8 3914 JeEpiSlA,
S gt (Train_Image, Train_Label), 7
Z3%e] 9A3 glolE(Valid Image, Valid Label)2] &
4 G BIEME Tl D9,

Eagke] Rk TS

o] X4k, 2800 & o] FE &= zgzg—zg@q] o 5 aﬂo]‘:’ o &=

> Ko

= stk ot

o] A7E 7|FO0 7 HAE

B8, Ay tisl 349 9w A6y, 49
A3E YAYFLE FET o) =iln vlustel 18
4ol JERHATE 18 404 oA =72 A3 ‘Previous’
2, Aok YIEY A A3+ ‘Proposed’ & E713H0 S
7391792 NCC(Normalized Cross Correlation)2} BER(B1t
Error Rate)E &% AHE3lA
FA9 A7}t A ASLE YEulT e FEFL Hojx
a

T =2
= 7)4\0] %‘H Eﬂ o|A =Rl vl AFe HE T
] 7=

Accuracy

02F & —m—Train _Image —=— Train_Label
—O0— Valid lmage —0— Valld Label

0.0 L
0 100 200 300 400 500

Epoch

(b)

I8 3. ofZ0| G2 HIENI0| S 3 2Z Tk (a) 2 YA olel 2M G, (b) HEs

= BA

Fig. 3. Network training and validation result according to epoch: (a) restoration image and label loss, (b) accuracy
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Fig. 4. Comparison of extracted watermark between previous and proposed: (a) JPEG compression, (b) Gaussian noise,

(c) Gaussian blur, (d) sharpen
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