International Journal of Innovative Computing, Information and Control ICIC International © 2008 ISSN 1349-4198 Volume 5, Number 2, Feb. 2009 pp. 0–0

A PROGRESSIVE IMAGE TRANSMISSION METHOD FOR 2D-GE IMAGE BASED ON CONTEXT FEATURE WITH DIFFERENT THRESHOLDS

Meng-Hsiun Tsai

Department of Management Information Systems National Chung Hsing University 250 Kuo Kuang Road, Taichung, Taiwan 402, R.O.C.

Shu-Fen Chiou

Department of Computer Science and Engineering National Chung Hsing University 250 Kuo Kuang Road, Taichung, Taiwan 402, R.O.C.

Min-Shiang Hwang^1

Department of Management Information Systems National Chung Hsing University 250 Kuo Kuang Road, Taichung, Taiwan 402, R.O.C. mshwang@nchu.edu.tw

Abstract. Two-Dimensional Gel Electrophoresis (2D-GE) images are one of the tools for protein research. The research method with images containing protein spots is called proteomics. Currently, there are many image databases on-line and biologists can use them through the internet. In order to transmit this type of data quickly, one of the methods for image transfer is called the Progressive Image Transmission (PIT) method. Biologists are interested in spots, which might have important proteins residing inside the spots and it is important to transmit these important parts of the image data first. The Tsai et al. method provides a technique to transmit the more important parts of the images from the first several phases. However, the Tsai et al. method used only one (1) threshold to find these parts, which is not considered sufficient. This is due to the less important parts in different regions of the image data having different levels. If only one (1) threshold is used; there will be some loss of the more important parts of the image. For this reason, a losses compression progressive image transmission method was designed in this research that uses more than one (1) threshold to detect the more important parts of an image. In the experimental results, the most important parts were detected better than the Tsai et al. method. And, this method allows the quick viewing of the location, size and color of the most important parts through the first several phases. Keywords: 2D-GE image, two-dimensional gel electrophoresis, progressive image transmission.

1. Introduction. With the advancements in biotechnology, more research is being done to understand the causes of diseases. One area of research by biotechnique methods is the proteomics. It is known that the body consists of proteins and when some of them turn abnormal, the body becomes sick and diseased. If the different proteins’ attributes between the patients and healthy people can be found, new drugs might be created to cure the patient’s disease. One of the tools developed for this purpose is the Two-Dimensional Gel Electrophoresis (2D-GE) in proteome research.

2D-GE is a method that can separate proteins in a mixture. It uses the Isoelectric point (pI) in the Iso- Electric Focusing (IEF), which is the horizontal dimensional and Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE), which is the vertical dimensional to separate the proteins on the gel

1Responsible for correspondence: Prof. Min-Shiang Hwang

1

2 MENG-HSIUN TSAI, SHU-FEN CHIOU, AND MIN-SHIANG HWANG

and from which each protein is dispersed. When a scanner is used to scan the 2D-GE, a 2D-GE image is created.

In a 2D-GE image, researchers are paying attention to protein spots. Research is being done with these protein spots to define the differences between normal people and diseased patients in the 2D-GE images. The focus is on the protein spots size, quantity and location. The 2D-GE images are compared and if there is a difference between the healthy persons and the patients, then it must be determined whether the protein is the cause of the disease. After confirming the protein is the real cause of the disease, a new drug will be created to treat the disease of the patients.

There are many organizations that have established image databases with 2D-GE images and these databases can provide researchers with images downloaded from the internet. When researchers download the images, they must wait for a time, due to the large image size and the network bandwidth restrictions. In traditional image processing methods, there are many methods which will help to quickly transmit the image. The Progressive Image Transmission (PIT) method [1, 6, 8, 4] is often used to transmit theses images. One of the simple PIT methods is the Bit-Plane Method (BPM) [8].

The BPM [8] is divided into eight (8) phases to transmit these large images and each phase transmits a bit plane. It is known that a gray pixel value in an image needs eight bits to represent it. As an example, a gray pixel value is 255 and can be represented by 11111111. This method transmits each phase from the Most Significant Bit (MSB) of a pixel value to the Least Significant Bit (LSB).

In general images, the traditional detecting method [9, 3] would offer good performance. However, the 2D-GE images are extremely different than the general images. The 2D-GE images have two obvious characteristics in the image: one is the most important data such as the protein spots and the other is the less important data such as the background. Therefore, this study will be used to discover a better and quicker method of image transmission for the 2D-GE images. In order to resolve this problem, Tsai et al. [7] proposed a new method with the PIT to quicken the image transmission speed.

Tsai et al. [7] analyzed the images characteristics and used the threshold to find the most important parts in the 2D-GE images. The important parts are transmitted first and other parts are transmitted progressively using the BPM. The purpose for this is to quickly show the location of the most important parts so that researchers can recognize what they want. The researcher will notice the rough location and can then decide whether or not to download the full image.

However, there are some queries in this method. Tsai et al. used a threshold to decide the differences between the more important parts and the background. Nevertheless, because the image’s background may not be the same pixel value, if a threshold is used, some parts may be lost which might have important data in the image.

In this study, it is considered that the background of the image may have some changes. The background’s pixel values might be similar in the same region. However, in different locations in the image, there will be some different values. These values could influence the protein spots pixel values. Therefore, a method is provided using these different values to decide the differences between the more important parts and the background in different regions. Plus, the progressive transmission is used to transmit the important data first then progressively transmit the other data with the images. From this, the receiver will get a lossless image.

2. Review of Tsai et al. Method. This method can be divided into three (3) steps: 1) detect the more important parts in the 2D-GE image, 2) the transmit process and 3) the image reconstruction. These steps are mentioned as follows.

2.1. Detect the More Important Parts in the 2D-GE Images. A 2D-GE image can be separated into the more important and the less important parts. This method tries to find the most important parts.

Step 1.: Use the following equation to calculate the average pixel value of the whole image: b = ∑_M i=1 ∑_N j=1 pixel M × N . where M is the height and N is the width of the image.

Step 2.: Calculate the average pixel value as threshold B with the sum of the pixel values being larger than the value b.

Step 3.: Use the chain code [2] to find the edges of the most important parts. Figure 1 shows the chain code’s eight (8) directions. In Figure 1, 0(000) represents the right direction, 1(001) represents right down direction, and so on.

A PIT METHOD FOR 2D-GE IMAGE BASED ON CONTEXT FEATURE WITH DIFFERENT THRESHOLDS3

Figure 1. Chain code method’s eight directions

1. Check each pixel p_{ij} to find the first protein’s edge’s start pixel S_{ij} with the whole image using the following equation:

S_{ij} = p_{ij} if |p_{ij} − B| < t.

2. Use chain code’s idea to find the edge’s other pixels with the following equation:

S_{ij} = p_{ij} if |S_{ij} − p_{ij} | < t_1. (1)

After finding all pixels as one protein’s edge, it calculates the locations by edges and gets center (O_x, O_y), top-left (L_x, L_y) and bottom-right (R_x, R_y) three coordinates.

3. Repeat 1, 2 till all the more important parts could be detected and obtained the coordinates.

2.2. The Transmission Process. The main concept of the transmission process is based on the BPM. It is divided into nineteen (19) phases.

Step 1.: The sender transmits the more important parts locations including the (O_x, O_y), (L_x, L_y), (R_x, R_y) and threshold B expresses the less important parts information to the receiver. This data is compressed with a run-length encoding [5]. When the receiver receives this data and decompresses, the image can be restored to its original values.

Step 2.: In the second to tenth phase, the sender transmits one bit which contains the differences between the more important parts, the rudimentary image and original image with the BPM to fix the rudimentary image. This data is also compressed with a run-length encoding.

Step 3.: The sender transmits the less important parts difference using the same method as in Step 2. 2.3. Image Reconstruction. The receiver receives the data step by step and restores the image. When the first phase data is received, it can restore the rudimentary image. After the second to tenth phase data is received, the BPM can be used to fix the rudimentary image progressively and the more important parts in the image can be seen. Finally, when the last phase is received, the image can be restored to match the original image.

When the receiver collects numerous preceding data, parts that interest the receiver can be quickly seen. However, it is known that the degree and distribution of the gray color in the image is not very uniform and using a threshold to detect the more important parts may cause some loss of important parts in the region of the image. This is due to the gray level in the region of the image being similar to the threshold value B. From this problem, this study proposes a new method that modifies the Tsai et al. method to solve this dilemma.

3. A New Detection Method. This study divides the proposed method into three (3) steps: 1) detection of the more important parts, 2) the transmission process and 3) image reconstruction. The three (3) steps are similar to the Chen et al. method. However, there are some differences. The proposed method uses a greater than one (1) threshold to separate the more important and less important parts. This is due to most regions of the 2D-GE image looking the same in the gray color. However, the degrees

4 MENG-HSIUN TSAI, SHU-FEN CHIOU, AND MIN-SHIANG HWANG

Figure 2. A 512 × 512 2D-GE image

of gray are different in different regions of an image. Due to these differences, if only one (1) threshold is used to separate the more important parts, some important parts may be lost. Therefore, this method uses a greater than one threshold. The proposed method is shown in the following sub-sections.

3.1. Detecting the Important Parts in 2D-GE Images. The image is separated into m × n blocks and each block’s threshold is calculated by using the Tsai et al. method. The more important parts in each block were then detected with its own threshold. As an example, if Figure 2 is a 512 × 512 2D-GE image and the image is set using m=2 and n=2 to separate the image into 2 × 2 blocks, the threshold can be calculated with each block and the four (4) threshold values become B1, B2, B3 and B4.

When these thresholds are acquired, the next step is to find the edges of the more important parts in each block. The following equation is used to find the start edge and chain code to detect all edges of the important parts with Equation (1).

S_{ij} = p_{ij} if |p_{ij} − B_k| < t, k = 0, 1, · · · , n. (2)

The thresholds t and t1 are set to find the edges. If the edges of one part is found, the center, top-left and right down coordinates are calculated as the transmission data. This action is repeated to detect each block until all parts are detected in the 2D-GE image.

3.2. The Transmission Process. This study method also has nineteen (19) phases to transmit a 2D- GE image. In the first phase, the more important parts transmission data are in the center, top-left and right down coordinates. And the less important parts transmission data are the thresholds of blocks that were separated. In order to transmit quickly, a run-length encoding is used to compress the data. This data can help the receiver restore the rudimentary image. Then the differences between the rudimentary image and the original image are calculated as the second to nineteenth phases of the transmission data. Like the Tsai et al. method, the more important parts difference is transmitted first with the BPM from the second to tenth phase. The second phase is the sign bit of 0 or 1 for the difference that is either positive or negative. The third to tenth phase is the one bit of difference from the MSB to the LSB.

The less important parts difference are then transmitted from the eleventh to nineteenth phase. The eleventh phase is the sign bit of 0 or 1 for the difference that is either positive or negative. The twelfth phase to the nineteenth phase is the one bit of difference from the MSB to the LSB.

3.3. Image Reconstruction. First, the receiver restores the image from the decompressed data of the first phase. The coordinates are used to restore the more important parts and the thresholds are used to restore each block’s less important parts. Next, the receiver can fix the more important parts from the decompressed data of the second to tenth phases. Finally, the other parts can be fixed in the train of data. When all the data of transmission is received, an image can be obtained that is the same as the original image.

As an example, the 2D-GE image is separated into 2 × 2 blocks and has one (1) more important part. When the receiver receives the four (4) thresholds B1, B2, B3 and B4 and the three (3) coordinates (2, 2), (0, 0) and (4, 4) in the first phase, it is shown that the more important parts center coordinates are (2, 2). It is also shown that the top-left coordinates are (0, 0) and the right-down coordinates are (4, 4). The parts circled from outer to inner can be restored and the pixel value from the threshold of the block reduces progressively by a value of k until the parts are finished being restored. The thresholds of each block can be used to restore the parts which are not important.

A PIT METHOD FOR 2D-GE IMAGE BASED ON CONTEXT FEATURE WITH DIFFERENT THRESHOLDS5

Figure 3. (1), (2), and (3) and are 2D1, 2D2 and 2D3 original image

The image quality with the difference can then be fixed. If the first bit of the difference is 1, it is certain that the difference is negative. If the second bit of the difference is 1, it is known that the difference is -192.

4. Experimental Results and Discussions. In this study, the three (3) 2D-GE experimental images used are 512 × 512 blocks. Figure 3 shows the 2D1, 2D2 and 2D3 five original 2D-GE images. First, the images were separated into 1 × 2, 2 × 2 and 4 × 2 blocks. Then the thresholds were calculated with 1 × 2, 2 × 2 and 4 × 2 blocks of the images. In the experiments, the t and t1 were set to be 7 and 17 and the more important parts started to show with the chain code, using Equations (1) and (2). After all images were detected, the total number of important parts of the image is shown in Figure 4. We compare with the Tsai et al.’s method In Figure 4. In 2D1, the Tsai et al.’s method can detect 404 parts, but our method can detect 477, 483, and 553 parts in 2D1 separated into 1 × 2, 2 × 2 and 4 × 2 blocks. In 2D2 and 2D3, we also detect more parts than Tsai et al.’s method. It is shown that the proposed method can detect more parts than the Tsai et al. method.

Through the transmission process, the PSNR value is calculated as shown in Figure 5. This proposed method shows a better PSNR than the Tsai et al. method. The PSNR value is shown in the following

6 MENG-HSIUN TSAI, SHU-FEN CHIOU, AND MIN-SHIANG HWANG

Figure 4. The total number of most important parts of the image

Figure 5. The psnr of the 2D1 through nineteen phases

equation:

P SNR = 10 log_{10}

255^2 MSE db. Generally, if the PSNR value is greater than 30db, then the image has better quality. In the Tsai et al.

method, the PSNR value is greater than 30db until the transmitting to the fourteenth phase. However, in this proposed method, the 1 × 2, 2 × 2 blocks of the image have a PSNR that is greater than 30db through the seventh phase.

5. Conclusions. In this study, more than 1 threshold was used to detect the important parts. The Tsai et al [7]. method was compared and a new progressive transmission method was designed for 2D-GE images. This method is a loss and compression method. First, the images were separated into m × n blocks and the thresholds were calculated with each block. Then, the more important parts were detected and transmitted through the first several phases. The less important parts were transmitted after that. Finally, the difference between the original image and the approximately restored with the first phase were transmitted. The receiver could reconstruct the image progressively with these transmission data. After the experiments, the most important parts could be detected better than the Tsai et al. method. And, a better PSNR value can be obtained with this proposed method through the first several phases than with the Tsai et al. method.

Acknowledgment. This work was supported in part by Taiwan Information Security Center (TWISC), National Science Council under the grants NSC95-2218-E-001-001, NSC95-2218-E-011-015, and NSC96- 3114-P-001-002-Y.

A PIT METHOD FOR 2D-GE IMAGE BASED ON CONTEXT FEATURE WITH DIFFERENT THRESHOLDS7

REFERENCES

[1] T. S. Chen and C. Y. Lin, A new improvement of jpeg progressive image transmission using weight table of quantized DCT coefficient bits, Advanced in Multimedia Information Processing PCM2002, LNCS 2532, pp.720–728, 2002.

[2] H. Freeman, On the encoding of arbitrary geometric configurations, IRE Transaction on Electronic Computer, vol.EC-10, pp.260-268, Jun. 1961.

[3] X. Kang, W. Zeng, and J. Huang, A multi-band wavelet watermarking scheme, International Journal of Network Security, vol. 6, no. 2, pp. 121-126, 2008.

[4] T. C. Lu and C. C. Chang, A progressive image transmission technique using Haar wavelet transformation, International Journal of Innovative Computing, Information and Control, vol.3, no.6(A), pp.1449-1461, 2007.

[5] J. Roseborough and H. Murase, Partial eigenvalue decomposition for large image sets using runlength encoding, Pattern Recognition, vol.28, no.3, pp.421-430, 1995.

[6] J. Song and K. J. R. Liu, Robust progressive image transmission over OFDM systems using spacetime block code, IEEE Transactions on Multimedia, vol. 4, pp. 394–406, 2002.

[7] H. F. Tsai, M. Hsieh, T. S. Chen, H. C. Wu and S. F. Chiou, Progressive transmission of twodimensional gel electrophoresis image based on context features and bit-plane method, 2004 IEEE International Conference on Networking, Sensing and Control, pp.1241-1246, 2004.

[8] K. H. Tzou, Progressive image transmission: a review and comparison of techniques, Optical Engineering, vol.26, no.7, pp.581–589, 1987.

[9] M. Weng and M. He, Image detection based on Susan method and integrated feature matching, International Journal of Innovative Computing, Information and Control, vol.4, no.3, pp.671-680, 2008.