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Abstract The goal of this paper was to investigate the application of the LDPC codes in Digital image watermarking, Based
on the analysis of the equivalent channel in the digital watermarking system, a watermarking technique for digital image on the
basis of LDPC code is proposed. The algorithm embeds and retrieves the watermark signsture inte and out of the static image
by employing the LDPC code technology and the human visual characteristics. The results demonstrate that the proposed
technique has greatly decreased the error code rate of the retrieved watermark and improved the robustness and invisibility.
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g

[ e e i

s00k- o 33dBH

250k -
g 200
ag
g 150

100+

50 - .

0 i i i H )
0 5 10 15 20 25 »
BABEET

H7 #ABEHRTS PSNRXREME
Fig.7 PSNR curve of difference embedded strength factors

%1 k<K, AREANEEAFTHXADERYRRE
Tab.1 PSNR Results of difference embedded strength
factors when k<10

. FEEH #H
wonx e snu e e
R KA (%) (%)
10 FOEEKE] 0.4 FEHEAKED . 0 35.8963
9  TEHGKE] 05  TEHAGKED 0 36.8114
8 FEREKED 0.9 TEAPKED 0 37.815
7 REBKET L1 FEARKED 0 38.9943
6 MEGKET L6 TEABKED 0 40.3332
5 2.4 TOARKED o1 41.9160
4 34 WEGKEE 68 #3855
3 5.1 ;ﬁau:_[ﬂ[: 9.0 46.3538
2 8.0 EEL 49.8757
1

20.0 55.8963

KEIRI £ S 44 0, T #F 9 PSNR {H¥ X F 384B,
B EELIRBEKEIRAE, AR RERER 5
— 77, B AR B B T 0 K B B 6
EAOEETHR, BETEE k=8 YRERARER
T UFHREASRBEZRMAXR,

A 1 X A R A G N T OT 89K B iR A
MBS, X 7 LDPC 25 F 65 37 KB K #A
MEEIBRAETTER, FBERTFRAFE M
LDPC B f0iEMH . HER LW, MM LDPC &%
HLE, RAKEBR AR EENT B
BRI HEERS AREH.

X H LDPC mis J5, U AT Ak K e i A 38
HFRETHE. £4#H LDPC 44267, KX
EFERDMBARERTELERT N WA &Y

WA, M EA LDPC A2 G, HIRABRERFL -

T 6 BUAT LAGE L, WA i PSNR {12 10dB L |k
(k=5, PSNR = 40.333dB; k = 21, PSNR =
29.8757dB) 1 pL ] LAF B LDPC 505 B % K E1 (R
[=X:00 e 8

HE HTFRETREE, BLRTAHREMEHR
ABERTH AR, MRS T AR AMBEH®,
C EBREEME,LDPC HEBHAEYEEE
MRM, SERBREHMAGERIE, MEARE
BFEEN 4 LUTof, S 00K B2 8 A g, &t
FRABAERENEN. MXHERNKELRN
KL RA IDPC BB EANBKAFEENER,
6.2 LDPCEBEMKINERNEE

BEEGEHUEFSHRBEREZL, BEHK
MEENKEBEERB(RDNER)E—-ENHX
Fo LR/, TS0k E 0K NS BT LB



F1Mm

WEBS LT LDPC By 3y M RUKEP B AR TR 2023

£, TRIHNESTTARLD ; LR K, M ERE
BEAKEME BT SR R RMNERIREE,

ATHRIEFEEREAE, TEHEKABRER
F k=5, ERBEEHBEKFE K 4096bits; 75 L E R
SR N 512 x 512pixels, i AMEE KNG HER
20 x 50pixels, 16 A [F] 55 # F I, T i 17 LDPC 41
PHEMERNBENR2 iR, HFX2ZTLES,®
ERBX HASHERT, REERE, AN HE
EERbBRD, BRELREEHAD, FEERES
REBZEIRTHS,

%2 TEBEMATHEE(REBR)PENYRMYE
(# )& 409%6bits, IEANEKBAF k=5)
Tab.2 Resunlis of difference code-rates, code length 4 096,
embedded strength factors k=5

LDPC &5 HE B BE MK
B bits) R (%)
1792 x4 096 0. 44 0.1 HHSAED
1536 x4 096 0.38 ] 4.87 ﬁﬁﬁﬂ(m
1280x4096 0311 541 e
1048 x4096  0.26] 591 ﬁﬁipbk'u

6.3 # JPEG B EEaE
TRPEERABERT k¥R 8, RIERS
ABHREY ., R ESGFEHIT 8K R
BRLEDERI Fr, AR3OLUEDL HEERE
PR, KRR ELR(HHERR) A NS,

23 TRERARGTTERHAERAKD I (k=8)

Tab.3 Results of difference compress quality, k<8

JPEC FHALPPC RERMAKH ) LDPC RERM A S
BRGE wmmpmkm 2eE  RREHKR  BEE

BFQ (%) (%)
s hEEEE ws  NERE) w
s HEPRS 3.2 Akt s
85 'ﬁﬁﬁzksn 1.1 dEokin o
100 ?ﬁﬁﬁ?j{‘{ﬂ_ 1.3 Hetktn 0

ESHADERBEEEESEFSRETQ
ZRAMAEMR BPHRERTERLEETF Q
HREEZRMEER, BRBRHEHRHFEF Q
ATF500 ,LDPC HFZKGTUEALLLER,
MEREHT,MEAEHA LDPC HERNRATE
R ES, g LDPC 4 iEH JPEG KE RS
KR, R RELEHEHRITERR AW
BB T KBS EE,

100

~—a— with L[)P‘I:
—4— withont LDPC |4

m'zufnaioajfaiosoeio;os::;umo
JPECERES RN T(Q
HE AERBEHFEEHERSEEHEETFH
ERML(E=8)

Fig.8 BER curves for JPEG compression

HEHSMARBLEFAYERLSTET Q<50
B, LDPC B F/K AN 2 SR F4E A LPDC &
MY EYFBKERT.Enm—&, X2HTX
LDPC MWL R AN R THAE, XRFEL K
A e  REEHMUERLEEREET. —
BEFREEATF Q>0 FRALEHBELF—H. &
BtEy iR S N T LDPC S FE AR B+ 4
BE.

6.4 BRSRUBENXE

BMFLDPC HBEMBETFRERK, PRMEE
BAERR  HEAFGERETHIRGER N, H
HYHEERE — e, AEEFEREE. 4T
MABEM KA ELS, FXERET 4HR
[A 8 # 49 LDPC 5. 4096 x 9216bits, 3072 x
6 400bits, 2 048 x 5 120bits , 12 % A & {# F 694 096 x
1792bits X &TE B EEAME, B K 0.4 £4,
B FR AR LDPC B4 155 K A7) 9 216bits,
BERPHEMHT B2 HFE (lena. bmp, 800 x
800pixels) fJ Lena B @ik AK PR8I, A
BERTHERNE =8, %M 8] R A KB EE®R
4 PSNR {i ik ) 384dB,

BHA4TNEDN ARFARGHELT . MH
BEgEm R EEIEHRE, R URMEEET
B, BRAMTERBLUEHR,

AEAHBXEMER, WRARKHEY
LDPC & B 56 B R 47 K B 4R B, TO) A (R AT 1L {78
AR KDEERE KX, LT UAF K EBETRE
FRALH AT 3R T 55 2 T 0K BB 20 T i T,



2024 PEEREBER wuE

4 FETKMATHADEDARM L (HRER RNBEHF L =8}
Tab.4 Results of difference code length , similar code rate, k<38

SR FRBEHLTREREMANERHE

B 4096 x9216 1072 x6.400 2048 x5 120 1792 x 4096

(%) BEHAKED EHEE(%) BEHAKE LHER(%) BRANKH ZHE(%) BREOKD ZHE(%)
30 TaRSK 6P .l BIHBIKED 0 RIHRKED -0 ThAKED 0
35 THBKED 0 FIRFKED 0 TAHEKED - o RARKED 0
40 EAHEKED 0 0 LR 5.9 B 6.0
as fﬁﬂﬁ?kfr! 6.8 7.6 iy ’El," 7.9 T 8.4
50 e 8.t 9.0 ot 1o 9.2 i) 9.7

TS KHERN IDPC KREF U TFERGES  N¥ X kE F LDPC WU SHEEN TR, LT

BMARBZMERLS. AHEARKEETHS HHR3 128,/ LDPC BERHETFKANES

BE REWEAREESMERS. E{Nh2.9% ,MEMH LDPC ZH1K 13.9% , M E

6.5 MBI &ML —AWER XEMT LDPC Btk R iktE, T8
LDPC EEABKEMNH WA GERAE —FH  SRNE Fix,

WitH 1/2 1/4 178

BEHEE
T Rk EN  REpkeD
EHE(R) 2.9 - .5 . _0
. B AEHATHAPREK
Fig.9 Results for different cropping scales
6.6 IMAB AL H-FRET KO EEEIETHERE, MEE

LDPCHFEBAKNEFTHBROAREERE, RATAPOHAEERD, EXTRAAIGESERES
LEITEREEMEHHIR S LHALB %L TETHER:
TERET LR KR A, X R LDPC (1) LDPC ¥ Rk EVEE RT LA 42 3 7K Bp B4
MEREATHERSIGENER, M LDPCHE  2HRGHSENE, LTREKHRRNER. R
BFERKGEREGEN - FENRERSER B THNTARRIEERTENT KPRAF

o TRLERWA 10 Fiz, : BRI, B R RGEERNETERESE,
BNETURERARE HEREADHEE R
7T & ¥ HEWEAER T AREMH,

\ (2) LR LDPC B, W LA KB i A
EXBMET—FHET LDPC BHEFARE FEHEEUEAKDRANSER, X R LDPC
A, ZERFESFHAT LDPC BRI MR, AR FEKENRH RN B~ FENITL, RERREESR



L ANE | ERESF . ETLIPCHAMBFHRKARRHR 2025

MR AR (%)

WERH(BRAEER =0.01}

100

wEER

S
ek FiliE
EEE(%) E

10 FRREBMULHATHAKDRKAMARERAREHLRER

Fig. 10 Experiment Results of watermark exiracting ifi various noise attack

SHEEEENER BEH T LDPC BAFRHF
BrOlSERE Sy B MR T RS A 2 SRR a7 L
R—25&65NH, -

(3) LDPC B ARERZATEIBR,
AEWENEANASS NIEHE AEEAR.
HDTV %, Bk AMMETUERS HEHERRK
BEERIEANTUEARAEEAENEY
ZKEP, T B0 AT B AR A B9 B B0 R R AR AY i
ARE LELAAGAR . F8EH . BRESEMN
HEKOBA, Hil, LDPC HFEB KB LAY E
% B FH AR K ER AR

£ % S %t ( References)

1 CoxJ, Miller M L, Bloom ] A, Digital Watermarking[ M], San

Francisco, S5an Diege, CA, USA:. Morgan Kaufman Publishers, .

2001,

Gellager R G. Low-density parity-check codes[J]. IRE Transaclions
on Information Theory, 1962, 8(1}, 21 ~28,

Sun Sheo-hui, Mu Jian-jun, Wang Xin-mei. Study and advances of
low density parity check codes[J]. Journal of Xidian University,
2001, 28(3) ;393 ~397. [#h i 0, MARE, THE MEEER
BHERAFHAR])]. AXATRELEER(BERBER),
2001, 28(3); 393 -1397. ]

Mackay D J C. Good emor-comecting codes based on very sparse
matrices [ J]. IEEE T i on Inf; ion Theory, 1999,
45(2); 399 -431.

Yi Kai-xiang. Study of Digital-image Encrypt and Digital-waterimage
Technology{ D]. Hangzhou: Zhejiang University National Laboratory
of CAD & CG, Zhejiang University Doctor Master Digsertation, 2001.
TBFH. RFARNSESEFKOEARFR(D]. M. &
TR% CAD & CCHFRAXRE {HILALWLEMIRL),
2001. 7.]




