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With rapid development of digital technology, protecting information such as copyright, content ownership
confirmation has become more important. In image watermarking, information of the image is inserted such
that the visual quality of the image is not reduced and the receiver is able to get the required information.
Some attacks such as image cropping, destroy the watermark’s information. In this article, a new
watermarking scheme is proposed which is robust against tough cropping. In the proposed scheme, classic
Sudoku table which is a 9*9 table, has been used. One feature of Sudoku table is that Sudoku's limitations
cause uniform scattering of symbols or numbers throughout the table. In the proposed scheme, Sudoku table
and both watermarking approaches based on spatial domain and transform domain such as DCT and DWT
are used. Lack of using of soduko solution at the stage of extraction and finding correct solution to obtain
watermark, is innovation of this scheme. Robustness of watermarking against cropping attack is up to 92%,
which shows good and effective performance of the proposed scheme.

Index Terms: Digital Image Watermarking, Sudoku, Spatial domain, Transform domain,
Cropping.
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Fig. (1): Typical watermarking system framework [53]
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Fig. (2): Overview of a data security system and
watermarking classified information [3]
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Fig. (4): DCT regions definition [54]
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Fig. (7): Watermarking segmented image based on sudoku
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Fig. (6): Selected Sudoku table and illustration of
region and cell
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Fig. (9): Block diagram of Watermark extraction in first plan
against cropping
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Fig. (10): The simulation results of the first plan against
cropping
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Fig. (8): block diagram of Watermark embedding in first plan
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Fig. (11):. Block diagram of Watermark embedding in second
plan
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Fig. (12): Block diagram of Watermark extraction in second
plan
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Fig. (14): Block diagram of Watermark embedding in third plan
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Comparison between Image Watermarking Schemes in Cropping
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Fig. (20): Charts comparing the structural similarity in three
plans
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Fig. (21): Charts comparing the normalized correlation in three
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Table (2): Compare the performance of other Watermarking plans with proposal to deal with cropping attacks
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1- Watermark embedding
2- Watermark extraction
3- Cryptography

4- Steganography

5- Data Payload (Capacity)
6- Transparency

7- Robustness

8- Security

9- Aliasing

10- Robust

11- Fragile

12- Semi-fragile

13- Hybrid

14- Malicious

15- Innocent

16- Geometrical

17- Compression

18- Contrast

19- Smoothing

20- Cropping

21- Rotation

22- Scaling

23- Translation

24- Spatial Domain

25- Transform Domain

26- Least Significant Bit

27- Discrete Fourier transform (DFT)
28- Discrete-cosine transform (DCT)

29- Discrete-wavelet transform (DWT)
30- Dual tree complex wavelet transform (DTCWT)
31- Contourlet (CT)

32- Singular value decomposition (SVD)
33- Human visual system (HVS)

34- Multi scale

35- Approximation image

36- Horizontal

37- Vertical

38- Diagonal

39- Imperceptibility

40- Mean Square Error

41- Peak-Signal-to-Noise Ratio
42- Structural Similarity

43- Image Fidelity

44- Normalized Correlation
45- Bit Error Rate

46- Accuracy Ratio

47- Shadows images
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