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End-to-end One-stage Digital Watermarking Algorithm Based on Invertible Mechanisms
HU Zi-Han, LIN Li-Xia, BAI Shao-Jie, CAO Peng

(College of Information Engineering, Beijing Institute of Graphic Communication, Beijing 102627, China)

Abstract: Digital watermarking algorithms attract widespread attention due to their important application value in the
fields of copyright protection, content authentication, and data hiding. In practical applications, images with embedded
watermarks are often affected by differentiable noises such as image distortion and sharpening blurri?ng. ‘At the same time,
they also face interference from non-differentiable noises such as JPEG compression and tranSmission errors. Existing
studies mostly focus on scheme design in a single noise environment, or atfempt to use differentiable models to
approximately simulate non-differentiable noises. These methods l‘ilrnit the robustness of watermarking algorithms to a
certain extent. To solve this problem, this study proposes-an end-to-end one-stage digital watermarking scheme based on
an invertible neural network. The scheme uses an invertible neural network to simulate non-differentiable noise,
enhancing the algorithm’s adaptability and robustness to actual noisy environments. Compared with existing algorithms,
this algorithm improves the peak signal-to-noise ratio (PSNR) by 3.12 dB and the average extraction accuracy (ACC) by
35.36% in the case of rﬁultiple noise superposition.

Key words: digital watermarking; invertible neural network; end-to-end; non-differentiable noise; anti-stacked noise
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A 128x128) K ET Ky 30 8% 64. X T AT,
i F RTX3090 & -RH#EAT IS, LR/ BN 32, KA
BN ZSE) Adam {125,

FESEIG R, 43 A TPEG M 75 A 3 i 75 ) 15 00
X AL AT YIS RDT Ay 76 B g 75 v, S8 H AT ol s
Ty R v A R RTAR SR M 7S 5 AN T i JPEG R 4
AT E .

# 1 R AL S CING FING TSDL.
ARWGAN 1E JPEG 48 1E 6L T @475 b il a5 2R,
2 WAL S CING FIN. MBRS 7EBE

B I DN HEAT X BRI SR, R 3 AT kg

SIFE COCO. DIV2K. ImageNet ¥4 xS hmg ms
BV 250 45 5. T DA L7 e T BT %, A
SO T RAE R AN (R (JPEG [E4) LA
T (R TR L VAR 7 5 T 0 7
LT, AT A M P R TS B0, ATy
PRGENCE CoE WL ST eSS Wi S @ik
SR BUFHIZ

R 1 AR5 X JPEG 45 A e 1 A T i 45

R 2 ANEITTIE TN g A ) RS AR P 4 R

Method PSNR (dB) ACC (%)
CINPY 36.20 61.43
FIN[' 37.21 50.98

MBRS!! 35.56 71.39

Ours 39.32 96.79

R3 ARSOITEEAEA FIBEEE T 0 B0 A & R A

ANA] NS R
Dataset PSNR (dB) ACC (%)
COCO 44.81 , 99.02
DIV2K 4476 4 %\ 99.15
ImageNet 44.52 > " 98.93

e 0 ARG R 5 R T 1 9, 07
LR 5 TR G5 O . 87 0 SRR P LB R
KRB R e M A e, A SCHR T 7E 3 R R e
FRESF, 45K E S BB R AR R (HHL HL.
LH. LL) ffI5e0E, 55 b bir Hok e 22 5

B A FTEAUA T O AR PE RO L R, %2 4 J
TR T AR N S 0 B . AR S i R 1 92
S50 P e B AL 0GR 7 £ 7 SRR B T K
E 46T - 3 45 b 5 8 P T BRI 35500 L2
IPEG [E45 L F, 1% 5 Fim, e T K BN A
U TR 5 50 21 S R P 3 5, BT
T O 7 BN, LB AN 6 . it
ot R R85 17K ET i\ AT VRN (0 57 A
SR IIE, 3R 7RG M AR B, WL T
Tk E i TR R, LA KT 31 4 95 5 2 0
G K B A BT K B R 2
SN TR TS 1 R PR SR B R A S B 9

F 4 REA TGS FA RS T /KPR E

Sub-bands PSNR (dB) ACC (%)
HH 52.67 99.96
HL 51.85 99.76
LH 52.48 99.34
LL 50.73 99.21

RS AT T A RS T K EDEREXT EE

Method PSNR (dB) ACC (%)
CINE! 39.29 94.80
FIN!! 38.21 93.71
TSDL™! 33.5 88.8
ARWGAN® 35.87 93.98
Ours 44.81 99.02

Sub-bands PSNR (dB) ACC (%)
HH 44.81 99.03
HL 44.35 99.56
LH 44.96 99.01
LL 43.73 99.79

FOR SRR H, 2 B A B T G A R I
K Br K BN B B XS (HH A ) R T e
HIPERE. X — 45 RIA D)+ m A I NP sh B UK E,
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