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    abstract         

      Image compression and transmission has been steadily gaining in importance with the increasing prevalence of visual digital media. In this work we present an application of the latest image compression standard JPEG in managing and browsing image databases. Focusing on the image transmission aspect, we combine the technologies of JPEG image compression with client-server socket connections and client browser plug-in, as to provide with an all-in-one package for remote browsing of JPEG compressed image databases, suitable for the effective dissemination of cultural heritage. The main features of JPEG, in which our implementation is based upon, is progressiveness and embedded bit stream syntax, which implies the ability to extract from one compressed file many different resolutions or quality levels of an image, depending on the user’s request.

                      Our goal was to achieve a more efficient   way of navigation. Particularly, in HTTP the proposed system consists mainly of an application specifically developed for browsing JPEG images over the Internet using JPIK (JPeg Interactive with Kakadu) protocol rather than the World Wide Web standard HTTP. On the other hand, in wide spread browser, the system is based on the implementation of a helper application, which is a third-party piece of software. The helper application has to be distributed and is executed on the client side whenever a request from a browser activates it. In this case, the actual image data are displayed in a separate window and they cannot be manipulated from within the browser. To overcome these disadvantages, we decided to develop a browser plug-in which is an approach frequently used for displaying content with in today’s internet browsers, which increases the transmission rate.
1. INTRODUCTION
                 One of the major technical problems that the Internet experiences today is its data transmission rate capability. The prohibitive transmission rates for large images combined with the need for enormous storage spaces lead to the development of new coding schemes to compress image information. An example of such a compression scheme with wide acceptance on the Internet is JPEG. By using JPEG on an image 10 * 15 cm at 600 dpi, we reduce the transmission time through the modem line from 1 h to about 30 s, while preserving a moderate image quality (about 32 dB PSNR).
                 JPEG employs wavelet transform to achieve energy compaction into a small number of transform coefficients and a highly sophisticated embedded coding, combined with a binary arithmetic encoder and rate control mechanisms, packing data into a meaningful, flexible and easily parseable code stream. This new standard shows great potential in aiding the management and transmission of images over the Internet and thus is one of the most useful tools to adapt to a cultural heritage database.
 

The transmission of data is done in a differential way, so that the user accepts only the information needed to move on to a next step in the scenario. The interaction between the user and the database server is controlled by a socket connection, while JPEG decoding and display is accomplished by a client browser plug-in. This means that the original image code stream has to be structured in such away as to include many different resolutions and quality levels of itself. At each request for one of these resolutions or quality levels, the server is responsible for extracting the appropriate data from the original file and for transmitting it to the client        where the final merging with the data already existing from previous requests would be accomplished. 
  JPEG compression example:  
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JPEG compression example, (a) original image, 24 bpp, and transmission time about 1 h and (b) compressed at 0.19 bpp, quality 32 dB PSNR and transmission time about 30 s.
2. JPEG coding steps:
               The key part for achieving progressive image transmission in our work is the use of JPEG, which provides with a wide set of tools for image compression. The main features of JPEG, in which our implementation is based upon, is progressiveness and embedded bit stream syntax, which implies the ability to extract from one compressed file many different resolutions or quality levels of an image, depending on the user’s request. The basic building blocks of the encoder are shown.

  


 

B. Syntax of JPEG Codestream

The code stream syntax specifies such fundamental quantities as image size, tile size, number of components, and their associated sub-sampling factors. It also specifies all parameters related to quantization and coding .most coding parameters can be chosen on a tile by tile basis. In the simplest case, a JPEG code stream is structured as a main header followed by a sequence of tile-streams.  The extension of such a JPEG file, as proposed by the JPEG standard is noted as “jpc” (JPEG Code stream).The main header contains global information necessary for the decompression of the entire code stream. Each tile-stream consists of a tile header followed by the compressed pack-stream data for a single tile. Each tile header contains the information necessary for decompressing the pack-stream of its associated tile. Finally, the pack-stream of a tile consists of a sequence of packets 
Jpeg code stream
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C. Progression in JPEG

                 Progression enables increasing the quality, resolution, spatial extent and color components, as more bytes are decoded sequentially from the beginning of a compressed code stream. The type of progression in a JPEG code stream is governed by the order in which packets appear within tile-streams. As such, progression can be defined independently on tile-by-tile basis. Actually, tile-streams can be broken at any packet boundary to form multiple tile-parts. Each tile-part has its own header and the tile-parts from different tiles can be interleaved within the code stream. In Fig below, represented graphically, are two of the progression orders with high importance for Internet image database applications: by quality and by resolution. 
                        [image: image4.png]



D. Client-Server Technology

Client-Server technology is based on creating sockets to achieve the communication between two or more remote computers. A socket works much like a telephone. It’s the end point of a two way communication channel .By connecting two sockets we can pass data between processes, even processes running on different computers, just as we can talk over the telephone. Programs written to use the TCP protocol are developed using the client-server model. When two programs use TCP to exchange data, one of the programs must assume the role of the client and the other the role of the server. The client application initiates what is called an active open. It creates a socket and actively attempts to connect to a server. On the other hand, the server application creates a socket and listens for incoming connections from clients, performing what is called a passive open. When the client initiates a connection, the server is notified that some process is attempting to connect with it. By accepting the connection, the server completes what is called a virtual circuit, a logical communication pathway between the two programs      
         3. IMPLEMENTATION
         For the purposes of our application all of the aforementioned technologies were combined in order to achieve a progressive and dynamic way of accessing the images in a database. Our implementation includes a server and a client application      

A. Preparation of Database IMAGES: To be able to extract from a single image code stream multiple segments that correspond to user requests, a specific way of encoding should be followed. Code stream data must be arranged in resolution level blocks, so that each sequential resolution level added to the previous would produce a greater resolution and specifically of double width and height, due to the nature of the wavelet transform in JPEG.

           In order to have images encoded in a way that the first resolution level has maximum dimensions, say 64*64 pixels, we have to estimate the number of decomposition levels needed for each image in order to achieve the thumbnail resolution of 64*64 pixels, and to compress each image using lossless JPEG coding.
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where w and h are the width and height of the original image, w’ and h’ are the desired width and height, and ‘nw ‘and  ‘nh ‘ stand for how many times the image must be divided by 2 across the width and height resolutions respectively, to produce a desired resolution. In our case the values of w’ and h’ are preset to 64 pixels. Thus, the number of wavelet decomposition levels ‘n’ must be the immediate greater integer of the maximum value between ‘nw ‘and  ‘nh ‘                          
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                                                    Code stream structure of data base image 

 This way images will be encoded with resolution levels (there will be n+1 SOT’ markers in the code stream), ensuring that the image thumbnail will be of 64*64 pixels maximum resolution. A representation of the code stream structure of such an image is illustrated in Fig above. 

Hereafter, the database compressed images are ready to be used by the server for code stream processing and progressive transmission to any remote user through the Internet.

B. The Server

                              The server must be working in multithreaded mode, so that it can process many client connections at the same time, something mandatory for our application. The server has the ability to send an image of any resolution by parsing the image code stream and selecting the required segments. Additionally, it can automatically create the respective HTML files through which the clients can view the desired images in desired resolutions. Each time a client requests the thumbnail resolution of an image, the server sends the respective code stream segment, including the main header. When the client has a specific resolution already available and requests for a greater one, the server sends the appropriate differential information: those tile-parts that correspond to the requested resolution, not including the main header and the already sent tile-parts. The client should be able to merge them into one single meaningful code stream.

               For automation of the process, the HTML pages in which the images of each resolution are being displayed are created on the server side, always a step ahead of the next greater resolution.
C. The CLIENT:   

              The client consists of a browser plug-in application. The plug-in is responsible for receiving the coded JPEG code stream from the server, decoding it, and then displaying the resulting image inside user’s browser. After the browser locates, from the MIME type of the EMBED tag, the suitable plug-in that must be executed, it calls it and the whole control of receiving and sending data is passed to the plug-in. Particularly, when the browser starts, all available plug-ins are loaded into memory. Then the plug-in follows the below logical flow chart. 
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Server’s response to client’s request
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4. CONCLUSION:

           Usage of JPEG2000 leads to image databases where images are compressed and each stored only in a single file. In this work we developed an infrastructure for progressive by resolution and quality transmission of images that were losslessly encoded and stored in databases. To this end, the new standard in image compression, JPEG, has been employed, which is characterized by its feature of embedded, progressive and high-performance coding. A server application that prepares and handles the image database, parses JPEG code streams and handles client requests has been developed. Additionally, a client browser plug-in was implemented that is responsible for handling user requests, receiving and merging JPEG2000 code streams, and, finally, decoding and displaying the database images at four preset resolutions, optimized for navigation and network utilization. 
                   Final comparative results for different resolutions of a data base image
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