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Algorithm of Robust Watermarking for Core Images Based on PEMA and DWT

YAN Yu-Zhen', HE Xiao-Hai', QING Lin-Bo', LUO Bin-Bin’, TENG Qi-Zhi' Y

'(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)
*(Chengdu Xitu Technology Co. Ltd., Chengdu 610065, China) Y

Abstract: Core images, as a crucial digital image resource in the fields of geology, oil,-and gas, are essential for scientific
research and engineering practices. Their security is often ensured by-adding digital watermarks. During digitization, core
images frequently undergo JPEG compression whenthey are stored, transmitted, or published on Web pages. However,
existing deep learning-based image digital watesmarking algorithms still have significant shortcomings in terms of visual
quality and robustness under JPEG comﬁression. This study proposes an end-to-end image robust watermarking algorithm
to address the issue of robust watermark embedding in core images under JPEG compression conditions. To efficiently
integrate the features of the host image and the watermark, the study introduces a pyramid efficient multi-scale attention
(PEMA) module. Through a unique cross-spatial interaction strategy and channel-wise relationship construction, the
module effectively captures long-range dependencies in different directions and features information at various scales. To
achieve visual imperceptibility, the study embeds the digital watermark into the low-frequency components of the host
image using discrete wavelet transform (DWT) and introduces the DWT LL sub-band loss (DLL) loss function to improve
the visual quality of the watermark image. Experimental results demonstrate that the proposed algorithm outperforms

existing mainstream algorithms in both robustness against JPEG compression and visual imperceptibility.
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Intel(R) Xeon(R) CPU E5-2686 v4@?2.30 GHz, GPU A
NVDIA GeForce RTX 3090, #4315 CUDA 11.1,
TRIE 2 SIHESE N Torch 1.8.1.

XF T4 K BB B RECR UL, A SR A =1,
A4 =0.0001, Ap =10, Apry = 0.1. 78 fr A S5 1 Ik
AR, R AR R Q= S0H) H 5L JPEG 44, Xt
FB6 R M5 T, A Adam fRAGSS, % BV
21309 0.001. fitE KN 16, BEALIIZRAT epoch
135.
2.4 XPEESKLE

NERFUA ST HR S VR RE, AN SCEEL HiDDeN
pseudo-differentiable deep learning approach™ (LA T &
FX Pseudo). MBRS H1 CINP 'MW Jy Jk 25 485 7 i3k 47 46f Ll
SR, Ak 2H SIS AR AR [E] ) 2 BOR BB T AT AR
TER RS, CIN $24E 7 Hl Zrlg 50 Tl s Ay L 52
T HIA AN A 128 128, 7K EHERE S 30, T A ST
SRS T UK ENE 2 MRV R L 5 B35 2
3 (1), SE 5 H AT X LU ST IR Ik 2k R R KN
192x 192, KEIKFERE N 36, KT CIN X E,
BIFE B B T A USRI 58 AT 55 IO E KT CINL

1EA OEIE R AT SRR 45 R R Sk 2
Fi7R.

K2 AFETNEAE S O BB B bR

SCATRAE R BVETE AT EUEEE COCO Hr [FIFE A 5 A i
PRI, LEW AL B S HIEE T, AT AR
BER. PSNR UL}z SSIM f8¥5 30 T IA TR EE, it
— BRI 7L RIF A

* 3 AFJEE COCO WAL 4R

Sy B EMER/N JKENKEE BER| (%) PSNRT (dB) SSIM?Y

HiDDeN 128x128 64 2231 316595 0.8810
ggg Poondo 128x128 64 2741 320007 0.8691
FHLOMBRS  128x128 64 0.6906  37.9570 0.9601
AL 128x128 64 0.6515' 403606 0.9620
IN  128x12 A1 = 41.034 —
gepr N 8x128 30 6.11 0343

AL 192x192 ¢ 36 #0.3805 42.8446 0.9826

SeaG B EUE KN JKEDKRE BER| (%) PSNRT (dB) SSIM?t

HiDDeN 128x128 64 16.79 33.1007 0.8644
Pseudo 128x128 64 31.72 35.1408 0.8869
MBRS  128x128 64 0.0875 39.6930 0.9578

A 128x128 64 0.0140 42.0473 0.9774

SEEG

CIN  128x128 30 11.99 42.7712 —

SO )
Ok 192x192 36 0.2388

45.1862° 09878

M 2 T AT H, R T BUA Rk 128 x 128,
AKERKFE A 64 [ L, 4SSO $2 (1) 50976 BER.
PSNR UL SSIM 18k E3900 F A ERBR. i 5
CIN A7 X] ELi, A SOk 2k GO/ N B 192 % 192,
K EK: FE UL S 36, 73X 7 7 11 58 4 ) B (7 A
SR A S 5 AT 45 I e B 8 G, (53 BER. PSNR
BT CIN, M35 R T A SOk Ik Al 1 . i
F CIN RS SSIM (935 b5, HOLE B A HEAT 1% 5146
R,

S IE A SC TR LR AL, A SCHE COCO
ANTFERAE AT T 528, gk R B HINE 3 iR
AT DL Hh, B T 7 TR f 0 B 4 v e B, A
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SRR O EERI AT COCO A b %
SRTE A BB 5. B 6 . B BT 4R
WEE . i ER . gmid EE MBI RB R ZEE . %
A —1hgh
2.5 HRASCLY

N T HAESI N PEMA Fid. DWT 284 J5 1) L,
% R B DL I B % bR S RO T D R IR
SRR K ENIAE 2, A SCE N T Y Ak SE e, Bk BB K
/NA128 %128, FKEIHK R 64, R4 S8 EAR TR 1 2
LK B N EAT, HAE R 4 Fios.

M 4 AT LUE B, PEMA BIANN, 115 53R 0 %
P 7 0.068 8%, PSNR 427t | 1.4824 dB, SSIM ¢t
T 0.0141. Lo (I, AR08 K T 0.046 9%,
PSNR #2717 1.8584 dB, SSIMHRET} T 0.016. PEMA Ail
Lppp [F 51 NAE 45 A9 I T 0.073 5%, PSNR 427+
1 23542 dB, SSIM #2711 0.0195.

TR Al ARSI T B R B R B T s
5. AT LA, ToiRshA T — 5y, #2 S BUR LM
RO E TR, Ho, Lp ML, 8RR TE 2 28T R05
o5 BTN 49.5812% Al 43.184 6%, HER /A L%
bl 1S T N R WS I S P ST a3 R SR X PN
ERAES RV EEN

M GE B BATA LR BL, PEMA [ o3 35 A 7 4>
HER TR 2 RS RHIE A B RE 7 DL RBIRR (15 2 (7] 52
TR A 15 I 2% BB % 5y v A AR D HE R AE TR R I
JIHER, RECF KBRS T 58 K S HE. 1 DWT
AR DA S Ly, 300K BRI 51 NAE A 207 /K B e % T8 4
Hby RN A UG AR A X 3, bl T R G TR A
BIBAGUR, B /K N B A8 B T R, 38
SEEEF M I ROR S 3 T R E 1T
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wikE g B
HisE( B

i G
AR B 2l

ZE{HI
g R

(a) HiDDeN (b) Pseudo (c)M‘RS d) A i%:?f " (e)CIN

5wkt AR R
& -

L
B o B
R
LY ‘ﬁiﬁ@ﬁ
\’ .

Y

i FE 5 A

HREB I ZEE

EAHN ‘ -
H—fh g R
@HDDN  (0)Pseudo @MBRS ) hiE () CIN
6 5% COCO MM |- Ak
4 -
LN e B4 EmIm
PEMA Loii, N L}E;‘ ® Lp La BER| (%) PSNR? (dB) SSIMY
— T h "L N N 0.0875 39.693 1 0.9579
v \.—; V V d 0.0187 41.1755 0.9720
— R V v N 0.0406 41.5515 0.9739
v \ — v N 9.6641 39.296 1 0.9471
v \ N — N 49.5812 42.0388 0.9733
v v V v — 43.1846 41.0273 0.9641
y \ N N 0.0140 42.0473 0.9774
3 gEiE B, BCA b HURE (1) 5 A () A2 HSR S, SR BN

ARSCHR 1 A 2 i o O P58 PR K BN BRI OR RS 13K SCHE, KORFRAIR 7RI, T DWT ##
SEHLA 5 0 BRI B PR K BN, AR IESTE YEBL K DLL #5825k b8 £ 5NN IR SRS 2 A
Xt JPEG R4 i K (B idi. A5 T PEMA R, BB AR, 51 7 K BN 2B B R 1R A0
A5 K 4 3R R 0 FRIBCAS A 70 425 T 2 RUBZ AR AIE S, CRIUE T BTk ENEE AR AN W] A, [R]
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WIS TE T A SCHE 0 08 P RE, 7E A JT s 4
COCO _FMysess it — B IE 7 A ST AL 12
PPE. SEa 48 R IH, AN SCHR R SR AR DN T e Bk
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