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Figure 1. 3-Level Discrete Wavelet Transform
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Figure 2. Discrete Wavelet Transform Diagram
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= ofefiel 2o

Normalized Cross-Correlation (NCC)i= F+ °o]® A 7te]
= A ¥E T olux 7t Aul} v £IAE Jedy, 3AE o|u]x 9}
AEmta7E A E oln A 22 A fHu A FEE AR o

A AAE 8 AFg AT

£

NCC= 2 (2)

\/Z w(i,j)? \/Z W (i,j)?

NCCE 4 (23 2ol Aodrh. wii,j)e E2E oA Eix 4 9
Hulag oustn, wrG)e e} AgE ouA Ex FEHE 9
Brlag om@th ¥ oolmxe] Hag 7+ Aywel ojux] zzhe] o
AE Askstel AFse e o] Ah NCCol A - 194 1
Apelel ghg ZHA =|Hl, 1o A& FE FooluAst fAleta wad &

o]
PR

MSE = 1 f‘, [£G,j) — K, j)I? 3)



MSE: 4] (3)8} Zo] AYHAr}. [(G,j)= dE ovA, K(,j)+= HdA

ojmAl o] HAgkel HFEHIL, m, = 2k olmA o] Aot ghol 0ol 7}

(o4

S (Peak Signal-to-Noise Ratio, PSNR)= H¥ o]wu] x| 9}
2l Fd@ol drtyd FAHAEA] FHrbstg, S 2E oju| A4 YJEuAE

Al -, ojm A FAo] dviy & FAHA=A HIFEY] HeEl ol &

PSNR =10 « logyy (— o

PSNRE %4 (D3 2ol Fofvh max: HaAge Avgols, vg
2552 UERHTh PSNR gkl 245 oA ¥de] 27 £AHALS o

s

mlstH, dRkA o ® 30dB ol Y AF A Al AARE oln A FAH &
de A9 A sHA Xt

TZA FAFE A4 (Structural Similarity Index Measure, SSIM)&= 5
oul x| Fte] FxH FAAS FASE ARE, ALY AAAH EAS W
gate] ojux FAS Hretl PSNRE 4% FAE 7|wro = onx #F
A& Wrigithd, SSIME oA 8] Fx4 543 W], v 5 QIiko]

(2u 1, + C)(20,,+ C)

SSIM(z,y) =
(#925 +ﬂf,+ Cl><di +(7g2/+ CZ)

(5)
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oqEA Tt Al FAR FFe A Wi
EE SSIM ZHOIAE 08 ool AIE welm wd B4 oW of
Yo oA e] AwAe TR fA4 FAAAE & FAHL 9ee B

o] =t

Table 2. Comparison of Image Quality Based on

Watermark Repetition — Peppers

Watermarked PSNR SSIM Watermarked PSNR

Image (unit:dB) Image (unit:dB) SSIM

55.1247 0.9997 42.0135 0.9860

(a) A v 13] A (b) AE v 33] 4+

Table 3. Comparison of Image Quality Based on

Watermark Repetition — Mandrill

Watermarked PSNR Watermarked PSNR

Image (unit:dB) SSIM Image (unit:dB) SSIM

53.7095 0.9999 N 42.0468  0.9955

(a) AH VA 13 4 (b) S1Eink= 33 A<
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Table 4.

Comparison of Extraction Performance Based

on Watermark Repetition - Peppers

(a) 13] ¥ (b) 33 Wk
NCC ™, 09729 ™. 0.9966
(Gaussian x
ussian - psNR KSY 13.2802 KSY 29,5758
SSIM 0.9265 0.8470
NCC 0.7581 ™, 0.9948
Salt & RS
pav o PSR Y 2.7386 Y 29.1978
SSIM 0.9400 0.7985
NCC 0.3307 0.9945
Sparkle  “po p Y ~6.6502 SY 28,3502
Noise o 5 o T
SSIM 0.9381 0.7690
NCC 09997 0.9998
JPEG " hoNR RSY 32.8903 RSY 30,3492
Compression -~~~ "~ o o
SSIM 0.9460 0.9574
NCC - 09958 0.9995
JPEG2000 ———— I‘( — —
o PSR SY 213219 KSY 36.7879
SSIM 0.9637 0.9420
NCC 0.9278 0.9934
Blurring
SR psNR Y 8.9221 Y 28.1409
SSIM 0.8452 0.8406
NCC 0.7553 0.9907
Low- - o
frequency  PSNR Y 2.7589 Y 27.8305
Filtering = r 0.8098 0.7635




Table 5. Comparison of Extraction Performance Based on

Watermark Repetition — Mandrill

(@) 18] w2 (b) 33 W
NCC 08344 = 0.9744
Gaussian S
o™ PSNR_ KSY a2z KSY ss00
SSIM 0.9339 0.8666
NCC 05815 ™ 0.9638
Salt & ——— RS — S —
e PN KSY _7oms KSY 2ses00
SSIM 0.9615 0.7932
NCC ™ 01456 ™. 0.9715
Sﬁa.rkle PSNR RSY ~6.0371 RSY 28.9332
ol1se - - -
SSIM 0991 0.8201
NCC 09971 0.9980
JPEG " bonR RSY 32,9038 RSY 39.9459
Compression -~~~ "~ o o
SSIM 0.9353 0.9734
NCC -, 0.7271 : 0.9903
JPEG2000 ———— 1 J' — 1y —
Comprecsion PN KSY 100613 KSY 2200
SSIM 0.9747 0.8641
NCC 0.6383 0.9327
Blurring
SR psNR Y 10.099 Y 277186
SSIM 0.8385 0.7924
NCC 0.4268 0.8975
Low- - - T o
frequency  PSNR Y 40761 Y 275768
Filtering = r 0.8015 0.6841

peppers °]H] A 2] AL HEHutaE 13 AU S w, Sparkle Noisest



Low-frequency Filtering &2l ¢l3] {Evla7}t A4
n=3 2 33 Al sk

AEH AT, A E

d A AF, NCC SWHolA Hit 0.996, PSNR = ol A
31.390dB¢] A5 HolW fEutaE AHeAow HAdn.

mandrill ©|v*] 2] 7§ Salt & Pepper,

it

Sparkle Noise,

Blurring,
Low—frequency Filtering & 2ol 93] Hert=azt 24 dE9At. 9H
a5 33 AYdsS " NCC =wWolA 0961, PSNR SHoA Hat

30973dBel 235 Heolw fEvtart 2 FE3E AL Gdd F U
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Table 6. Comparison of Image Quality Between Conventional and

Proposed Methods — Peppers

Watermarked PSNR Watermarked PSNR

(unitIdB) SSIM Image (unit:dB) SSIM

42.0135 0.9860

(a) = ¥4 (b) At 2

Table 7. Comparison of Image Quality Between Conventional and

Proposed Methods — Mandrill

Watermarked PSNR Watermarked PSNR

Image (unit:dB) SSIM Image (unit:dB) SSIM

45.3471  0.9995 42.0468 0.9955

(a) & %A (b) At "4

T LA A BA e vt FF HeS Hustr] A A
| ojuAe Ae WY ¥4& £ 5, AHuAE FEAH. A=

A AE WY a4 Vel a4 ATt oY F45H
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Table 8. Comparison of Watermarked Image Quality Based on Attack

Intensity - Peppers

1 Level 2 Level 3 Level 4 Level 5 Level

Gaussian
Noise

PSNR 31 19 PSNR: 28 9 PSNR 284 PSNR: 27.92 PSNR: 28, 86

SSIM: 0.7 SSIM: 0.4 SSIM: 0.28 SSIM: 0.12 SSIM: 0.08

PSNR 47 78 PSNR: 43 0 PSNR 40 81 PSNR 37 94 PSNR: 35 14

SSIM: 0.76  SSIM: 0.49 SSIM: 0.34 SSIM: 0.19  SSIM: 0.1

Sparkle
Noise

PSNR 47 92PSNR 43 O4PSNR 40 68PSNR 37 71 PSNR 34. 7“
SSIM: 0.75 SSIM: 0.48 SSIM: 0.33 SSIM: 0.2 SSIM: 0.12

(a) Noise attack



1 Level 2 Level 3 Level 4 Level 5 Level

JPEG
Compress
ion

PSNR: 38.84 PSNR: 36.13 PSNR: 35.21 PSNR: 34.3 PSNR 32.11
SSIM: 094 SSIM: 0.9 SSIM: 0.88 SSIM: 0.85 SSIM: 0.77

JPEG2000
Compress
ion

PSNR: 36.23 PSNR: 35.63 PSNR: 34.86 PSNR: 33.76 PSNR: 31. 38
SSIM: 0.9  SSIM: 0.88 SSIM: 0.86 SSIM: 0.84 SSIM: 0.74

(b) Compression attack

1 Level 2 Level 3 Level 4 Level 5 Level

Blurring
Attack

PSNR: 3605PSNR 34.86 PSNR: 339 PSNR: 33. 36PSNR 3291
SSIM: 091 SSIM: 0.88 SSIM: 0.85 SSIM: 0.82  SSIM: 0.8

~

Low-Fre %
quency
Filtering

Attack ©
PSNR: 35 13 PSNR 33 57 PSNR 32.67 PSNR 32.01 PSNR 31.51

SSIM: 0.88 SSIM: 0.82 SSIM: 0.77 SSIM: 0.72 SSIM: 0.68

(c) Filtering attack



Table 9. Comparison of Watermarked Image Quality Based on Attack

Intensity — Mandrill

1 Level 2 Level 3 Level 4 Level 5 Level

Gaussian |
Noise

PSNR: 31.16 PS 88 PSNR: 28.38 PS 7.9 PSNR: 27.87

SSIM: 0.89 SSIM.i 0.68 SSIM: 0.56 SSIMI' 0.27 SSIM: 0.18

PSNR: 48.02 PSNR: 3.25 PSNR: 41.07 PSNR: 38.21 PSNR: 35.42

SSIM: 0.86 SSIM: 0.68 SSIM: 0.55 SSIM: 0.39 SSIM: 0.24

Sparkle
Noise |

PSNR: 48.08 PSN. 43.19 SN- 41.0 PSNR: 38.03 PSNR: 34.96
SSIM: 0.87 SSIM: 0.68 SSIM: 38.03 SSIM: 0.41 SSIM: 0.26

(a) Noise attack



1 Level 2 Level 3 Level 4 Level 5 Level

JPEG
Compress |

ion

PSNR 30 21 PSNRZ 29.86 PSNR: 29 57 PSNR: 29 27 PSNR 28 94
SSIM: 0.82 SSIM: 0.77 SSIM: 0.71 SSIM: 0.62 SSIM: 0.43

(b) Compression attack

1 Level 2 Level 3 Level 4 Level 5 Level

Blurring
Attack

PSNR: 30.57 PSNR 29 97 PSNR 29 59 PSNR 29.43 PSNR 29.3

SSIM: 0.83 SSIM: 0.72 SSIM: 0.6 SSIM: 0.53 SSIM: 0.48

Low-Fre &
quency
Filtering ’7

Attack poN P 30,04 PSNR: 29.42 PSNR: 2918 PSNR: 20.03 PSNR: 2892
SSIM: 072 SSIM: 051 SSIM: 04 SSIM: 034  SSIM: 0.3

(c) Filtering attack
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Table 10. Comparison of Image Quality Based on Watermark

Embedding Strength - Peppers

Alpha(a)

v/ .
Watermarked §
Image

PSNR

SSIM 0.9860 0.9631 0.9361 0.9074 0.8791
MSE 4.0900 10.5977 17.3788 24.1721 30.4234

Table 11. Comparison of Image Quality Based on Watermark

Embedding Strength - Mandrill

Alpha(a) 01 0.15 0.2 0.25 0.3
Watermarked
Image
PSNR 42.0460  37.8363 355500 339997  32.8573
SSIM 09956 09862 09735 09589  0.9434
MSE 40587 107017 181166 258883  33.6776

PSNRE olulx] zbe] Mgzt Ao& 7lwrew H7kelr] we] T oy
Aol Aot fASA bt AeEg A FE7E RohAwA wds
= F% @el Wel7h Z7hetel PSNR Sl dslr walsid.

SSIMe] A9 olwAe] T4 gz wWafe] vIzsitt. Peppers ol ¥4
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ABSTRACT

Invisible Watermarking Using Discrete Wavelet

Transform and Singular Value Decomposition

Seo-Yi Kim

Department of Future Convergence
Technology Engineering

Graduate School of

Sungshin Women’s University

With the advancement of Al technology, the issue of copyright
infringement in digital images has become increasingly severe, drawing
attention to digital watermarking as a key solution. Digital watermarking
1s a technical method that embeds and detects specialized watermarks to
protect the copyright of digital content, or to detect and track forgery
and tampering. A watermark must ensure imperceptibility, maintaining
the visual quality of the original image, while also being robust against
external factors such as image manipulation and noise attacks, allowing
for stable extraction. However, previous studies have failed to resolve
the trade-off issue where enhancing imperceptibility reduces robustness,

or improving robustness degrades image quality.



This study proposes a method where a 3-level DWT 1is performed on
an image to separate frequency components into multiple levels, followed
by SVD applied across multiple regions to repeatedly embed a
watermark into singular values. The objective 1s to achieve
watermarking with high imperceptibility and robustness against signal

manipulation attacks.
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