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In this paper, digital watermarking method using wavelet transform and quad-tree algorithm is proposed. The
proposed algorithm transforms the input image by DWT(Discrete Wavelet Transform) and AWPT{(Adaptive Wavelet
Packet Transform), inserts the watermark by quad-tree algorithm and the Cox’s algorithm. The simulation for
performance analysis of the proposed algorithm is implemented about the effect of embedding watermark in each
subband coefficient (HH, LH, HL) of DWT, each DWT level, and each AWPT level. The simulation result by using
DWT 1is compared with that using AWPT in the proposed algorithm. In addition, the effect of embedding
watermark in the lowest frequency band (LL) is simulated. As a simulation result using DWT, the watermarking
performance of simuitaneously embedding in HH, LH, and HL band of DWT(6 level) is better than that of different
cases. The result of AWPT(3 level) improves the correlation value compared to that of DWT(3 level). In addition,
insertion the watermark to the LL band about 30~60% of all watermarks improves the correlation value while
PSNR performance decreases 1~ 2dB.
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Table 3. Result of watermark in each AWPT level
(’Barbara’, Gaussian : variance=0.0003, S&P :
density=0.001)

AWPT Gaussian
level PSNR Ao
3 level 351 0.73
4 level 34.95 0.89
5 level 341 0.9
6 level 34.47 0.92
{a) Lena
AWPT Gaussian
level PSNR )
3 level 35.07 0.84
4 level 34.96 0.89
5 level 3473 091
6 level 34.45 0.92
{b) Barbara
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Table 4. Result of watermark using JPEG compression
in each AWPT level(‘Lena’ image)
JPEG Quality Factor
T0% 50%
PSNR PSNR

AWPT
level

30%
PSNR

PSNR| paa dRE

3 level | 40.49 3717 09 | BT 3421 062

4 level | 39.96 36931 095 3551

34.08

3 level 6 level
Correlation value : Correlation value :
0.84 0.92

34.00 dB

PSNR = PSNR = 34.09 dB
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Figure. 14. Experimental result of barcode image
watermark(AWPT}

(BARBARA image, S & P Noise Density : 0.001)
QF : 30% QF @ 90%
Correlation value : Correlation value :
0.80 0.98

37.15 dB PSNR = 37.3b dB
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Figure. 15. Experimental result of barcode image
watermark (AWPT, LENA image)

%

43 gojzd Wy g
EEEEDR £

T 504 AA HEvae £ (10007) FolA dRE
& LL tied Aystds A9 484948 B 4
ol B3 gAE 3 99 4 dAE o &aen, d
g Ao nd LL d9ge] Ad=EE A2 v
o] #1442 PSNRE Huo 4dB AE HolAy o=

e A 023 A% Z7HES BAch £33} 4 DAV 3
@A9t vlasled PSNRS 1 dB AE oAy A@E
ge A9 014 FAEAJG. DWTE o83 ZHgs

LL d9d 448+



318 / BHEH - A= Bg B 11 £ 4 5 2010. 10

AWPTE ©o|8% Z#E Wnsd AWPTE o|&% 7
#7F LL 9ol 49de FErta $7 100 9 2 5o
8= Fol A 008 A= F/1EE B4 o7 LL
Hee £xd A7t dAdez & g& XA o
Aal e FHAAY FE B 9% AxAn 2
¥d ge arzt 2 UE denia g dgaus 4¢
T WE doldg FEel ade AL AU
b AEeta A Al delsd ASF F AAFIAS
e Aol A A4 & d="H9a F 4 30~60%9)
&S AdFesa g 59 48 71XA %
e B3T F e Yo B8Y § JSE ¢

E 5 LL digel A4d=EE Hevta vl go og

Z 3('Barbara’ %94}, S&P Noise: density=0.001)

Table 5. Result of the ratio of watermark in LL
subband('Barbara’ image, S&P Noise: density=0.001)

Number of watermark in LL band

DWT 1] 100 300 500 700
At Jol pYesy

level | pow | ez [PSNR gl o }; PSNR| 425 |PSNR|

3589 0.74 [35.27|0.79|33.69| 09| 32.13 | 0.94 | 31.66 | 0.97

(a) The result of DWT

AWP Number of watermark in LL band
T 0 100 300 500 700
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level g iz [ RI=| R | = = PS =

33271083 32.29

(b) The result of AWPT
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