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Chapter 6  
Conclusions and Suggestions for 
Future Works 

6.1 Conclusions 

In this study, we have proposed methods for art image creation and data hiding. 

These two topics are integrated into one which is then solved by a single approach in 

the proposed methods. Therefore, users can easily and simultaneously generate art 

images and embed data in them. The embedded data may be a secret image, a 

watermark, or authentication signals. By embedding the data we mentioned before, 

users can achieve the purpose of covert communication, copyright protection, and 

image authentication, respectively or integrally. Different from traditional image data 

hiding techniques, we hide data in the individual features of art images. 

In this study, we investigated three different types of art images. They are puzzle 

image, pointillistic image, and circular-dotted image. 

For puzzle images, we implemented the concept of information sharing by 

separating a puzzle image into a number of puzzle pieces, and randomly divide them 

into several groups. The number of the groups is equal to the number of the 

information sharing participants, and each participant can get one group of the puzzle 

pieces. Naturally, we have proposed a method that can recover the puzzle image 

automatically when all of the participants return their own groups of digital puzzle 

pieces. We found three different types of puzzle piece features into which data can be 

embedded, namely, puzzle piece orientation, puzzle piece size, and puzzle piece angle. 

We embed a secret image, a watermark, and authentication signals into these features, 
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respectively. In the proposed system, we can sequentially embed data into the three 

features as needed. 

A pointillistic image is an image created by imitating the style of the pointillistic 

painter via a computer. In pointillistic images, we use only one feature for data hiding, 

that is, the RGB values of each color dot of a digital pointillistic image. However, we 

can combine two kinds of data by appending an ending pattern between them. 

Therefore, a secret message and a watermark can be embedded at a time. All of the 

colors in a pointillistic image are chosen from a color table, which is established by 

the program. By changing the RGB value of the center of each color dot, we can 

achieve the purpose of data hiding. 

In circular-dotted images, we used only one feature for data hiding, namely, the 

drawing order of the circular dots on a digital circular-dotted image. Similar to the 

data hiding process in digital pointillistic images, we also append an ending pattern to 

combine two kinds of data, so that a secret message and a watermark can be 

embedded at a time. By applying the dot overlapping scheme to control the drawing 

order of circular dots, we can achieve the purpose of data hiding. 

According to our research, we can make a conclusion that if there is an image 

feature of an art image which can be modified and detected, there will be a 

corresponding data hiding technique. And the three applications of data hiding, 

copyright protection, covert communication, and image authentication, can thus be 

achieved. 
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6.2 Suggestions for Future Works 

In this study, we have proposed some methods for creation of puzzle images, 

pointillistic images, and circular-dotted images, as well as data hiding techniques for 

these three types of art images. The three applications of secret communication, 

copyright protection, and image authentication are also carried out by utilizing the 

proposed data hiding techniques. However, there are still some interesting topics 

which are worth further studies. 

For puzzle images: 

1. Using more puzzle piece features for embedding more data into digital 

puzzle images. 

2. Enhancing the performance speed of the puzzle image reconstruction process. 

For example, we can utilize a content matching scheme while performing the 

reconstruction process. 

3. Create different shapes of puzzle pieces. For example, create honey-comb 

shaped puzzle pieces.  

For pointillistic images: 

1. Refining the pointillistic image creation skill to make the created pointillistic 

image more like a real painting drawn from a pointillistic painter. 

For circular-dotted images: 

1. Adding visual effects, such as burnish, texture, etc. onto each circular dot 

regions to make the circular-dotted image look more appealing. By 

burnishing each circular dot, the circular-dotted image may look like a 

stained glass image. 
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2. Using more features such as the texture of the circular dots for embedding 

more data into circular-dotted images. 

For all art images: 

1. Extending the proposed methods to survive print-and-scan attacks. 

2. Investigating other types of art image creation methods and searching for the 

specific image features for data hiding. 



 130

References 

[1] B. Baxter, V. Scheib, M. C. Lin, and D. Manocha, “DAB: interactive haptic 

painting with 3D virtual brushes,” Proceedings of SIGGRAPH 01, Aug. 2001, 

pp. 461-468. 

[2] A. Secord, “Weighted Voronoi Stippling,” Proceedings of SIGGRAPH 02, 

Annecy, France, 2002. pp. 37-43. 

[3] A. Secord, W. Heidrich, and L. Streit, “Fast primitive distribution for 

illustration,” ACM International Conference Proceeding Series; Vol. 28, Pisa, 

Italy, 2002, pp. 215-226. 

[4] M. P. Salisbury, M. T. Wong, J. F. Hughes, and D. H. Salesin, “Orientable 

textures for image-based pen-and-ink illustration,” Proceedings of SIGGRAPH 

97, 1997, pp. 401-406. 

[5] P. E. Haeberli, “Paint by Numbers: Abstract Image Representations,” 

Proceedings of SIGGRAPH 90, August 1990, pp. 207-214. 

[6] A. Hertzmann, “Fast Paint Texture,” Proceedings of SIGGRAPH 02, Annecy, 

France, June 3-5, 2002. pp. 91-96, 161. 

[7] A. Hertzmann, “Painterly Rendering with Curved Brush Strokes of Multiple 

Sizes,” Proceedings of SIGGRAPH 98, Orlando, Florida. July 1998, pp. 

453-460. 

[8] C. J. Curtis, S. E. Anderson, J. E. Seims, K. W. Fleischer, and D. H. Salesin, 

“Computer-generated watercolor,” Proceedings of SIGGRAPH 97, August 1997, 

pp.421-430. 

[9] J. Hays and I. Essa, “Image and video based painterly animation,” Proceedings 

of SIGGRAPH 04, Annecy, France, 1997, pp.113-120. 

[10] T. Kim, and M. C. Lin, “Visual simulation of ice crystal growth,” Proceedings of 



 131

SIGGRAPH 03, San Diego, California, 2003, pp.86-97. 

[11] R. Silvers and M. Hawley, “Photomosaics,” New York: Henry Holt and Co., Inc., 

1997. 

[12] Alejo Hausner, “Simulating Decorative Mosaics,” Proceedings of SIGGRAPH 

2001 New York, New York, USA, 2001, pp. 573-580. 

[13] J. Kim and F. Pellacini, “Jigsaw image mosaics,” Proceedings of SIGGRAPH 02, 

San Antonio, Texas, 2002, pp.657-664. 

[14] H. Freeman and L. Gardner, “Apictorial jigsaw puzzles: The computer solution 

of a problem in pattern recognition,” IEEE Trans. On Electronic Computers 13, 

1964, pp.118-127. 

[15] W. Kong and B. B. Kimia, “On solving 2D and 3D puzzles using curve 

matching,” Proc. IEEE Computer Vision and Pattern Recognition, 2001. 

[16] K. Leutwyle, “Solving a digital jigsaw puzzle,” 

http://www.sciam.com/explorations/2001/062501fresco/, June 2001. 

[17] M. Levoy, “The digital Michelangelo project,” 

http://www.graphics.stanford.edu/projects/mich/. 

[18] C. Wang, “Determining the molecular conformation from distance or density 

data,” PhD thesis, Department of Electrical Engineering and Computer Science, 

MIT, 2000. 

[19] H. Wolfson, E. Schonberg, A. Kalvin, and Y. Lamdan, “Solving jigsaw puzzles 

by computer,” J. C. Baltzer AG, Science Publishers, Red Bank, NJ, USA, 1988, 

pp.51-64. 

[20] D. Goldberg, C. Malon, and M. Bern, “A global approach to automatic solution 

of jigsaw puzzles,” Proceedings of SIGGRAPH 02, Barcelona, Spain, 2002, 

pp.82-87. 

[21] D. C. Wu and W. H. Tsai, “A Steganographic Method for Images by Pixel-Value 



 132

Differencing,” Pattern Recognition Letters, Vol. 24, No. 9-10, 2003, pp. 

1623-1636. 

[22] Y. C. Chiu “A study on digital watermarking and authentication of images for 

copyright protection and tampering detection,” M. S. Thesis, Department of 

Computer and Information Science, National Chiao Tung University, Hsinchu, 

Taiwan, Republic of China, June 2004. 

[23] W. L. Ling “Data hiding in image mosaics,” M. S. Thesis, Department of 

Computer and Information Science, National Chiao Tung University, Hsinchu, 

Taiwan, Republic of China, June 2004. 

[24] W. L. Lin and W. H. Tsai, “Data Hiding in Image Mosaics by Visible Boundary 

Regions and Its Copyright Protection Application against Print-And-Scan 

Attacks,” Proceedings of International Computer Symposium 2004, Taipei, 

Taiwan, Dec. 15-17, 2004. 

[25] S. C. Hung and W. H. Tsai, “Data hiding in art images,” M. S. Thesis, 

Department of Computer and Information Science, National Chiao Tung 

University, Hsinchu, Taiwan, Republic of China, June 2005. 




