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Still Image Watermarking in the DCT Domain
Using the Human Visual System
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ABSTRACT

In this paper, we propose a digital watermarking method for still images, in which the human visual system
(HVS) is used in the discrete cosine transform (DCT) domain. The modulation transfer function (MTF) of the
HVS model is employed to increase the invisibility of the inserted watermark in images. The proposed
watermarking method is shown to be robust to several common image processing techniques, including lowpass
filtering and cropping. Also, using the energy relationship of the DCT, we derive the equation that directly
computes the watermark weighting factor in the DCT domain for the specified peak signal to noise ratio (PSNR)
of the still image and the length of watermark to be inserted. The difference between desired PSNR and PSNR
in spatial domain is within 0.07dB for the 7 test images.
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Figure 1. Watermark insertion blockdiagram in the DCT
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Figure 3. Test images.
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Tabel 1. Calculated weighting factor as a function of the
length of the watermarks(PSNR =38dB, Lena image).
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Table 2. Calculated weighting factor as a function of the
length of the watermarks for various specified PSNR
values(Lena image).

Length of PSNR(dB)

watermark 30 34 38 42 46 50

1000 0.1665|0.1051 | 0.0663 | 0.0419 | 0.0264 | 0.0167

2000 0.1638|0.1034 | 0.0652 | 0.0412 | 0.0260 | 0.0164

3000 0.1627{0.1027 | 0.0648 | 0.0409 | 0.0258 | 0.0163

4000 0.1620|0.1022 | 0.0645 | 0.0407 | 0.0257 | 0.0162

5000 0.1615{0.1019 | 0.0643 | 0.0406 | 0.0256 | 0.0162

6000 0.1611{0.1017 | 0.0642 | 0.0405 | 0.0256 | 0.0162

7000 0.1608 | 0.1015 | 0.0641 | 0.0404 | 0.0255 | 0.0161

8000 0.1606 | 0.1013 | 0.0640 | 0.0404 | 0.0255 | 0.0161
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PSNR(dB)
Length of a -
watermarks DC’Ij Spatli.il
domain domain
1000 0.0663 37.993802 37.962288
2000 0.0652 37.999243 37.963239
3000 0.0648 37.991722 37.956588
4000 0.0645 37.994710 37.960181
5000 0.0643 37.994309 37.960632
6000 0.0642 37.988675 37.955163
7000 0.0641 37.986441 37.952224
8000 0.0640 37.988185 37.951369
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Figure 4. Calculated weighting factors as a function of the
length of the watermarks (Baboon image).
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Figure 5. Calculated weighting factors as a function of the
desired PSNR(Baboon image).
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Figure 6. Watermark detection results (no attack, Bridge
image).

a) Bridge image b) 30dB
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e) 46dB f) 50dB
32! 7. Bridge €994 3 HEvia A9 $9 G4
Figure 7. Bridge image and watermarked bridge image.
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8! 8. HEvla #E A (Lowpass filtering).
Figure 8. Watermark detection results (Lowpass filtering).

4.2.3 Cropping
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Figure 9. Watermark detection results (Cropping).
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