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ABSTRACT

The thesis contains description of a system which is to be used for Telemedicine over a low speed WAN (eg. Telephone network). It performs a point-to-point interactive communication of different multimedia services like Video, audio, images, graphics and text on low bandwidth channel using dial-up telephone line. 

We have designed and implemented protocols for interactive communication between two nodes. In each of the two communicating nodes, a separate and independent process is used to handle each different multimedia service.

Since the communication needs to be done on a low bandwidth channel, maximum effort has been made to conserve bandwidth. Compression algorithms have been used wherever possible. We have tested the performance of the system over a simulated environment and also have done some ground level testing.
Chapter  1

INTRODUCTION

The system that has been described here performs a point-to-point real time Video, Audio, Graphics, Image and text conversation between two computers connected through a low bandwidth telephone line.  The objective of the project as well as the work that has been achieved till now is described next.

1.1   Objective 

The objective of this project is to develop a software for point-to-point full duplex communication of audio, text, images, graphics and video over a low bandwidth channel (dial-up telephone line). These media services are sufficient for complete communication  between two machines. Messages can be sent through Audio and Text, Video is required for on-line presentations etc. Graphics and Image communication can be used for explaining things by drawing on the Screen. This is similar to a teaching a class by writing/drawing on the Board.

The project can be used a Telemedicine application. In this application two Doctors can discuss on a patient’s X-ray report, by drawing on the Canvas, loaded with the report in the background. Audio and Text communication are integral part of any communication system. Two computers can hold a virtual meeting between themselves using audio, video, graphics and text communication through low bandwidth dial-up telephone channel. The image communication can be both online or deferred. This kind of application can be useful in Distance Education too.

Worldwide multimedia applications are being developed with  increasing user  interactivity. The applications being developed integrate data, audio and video. This project, which can be called as a Telemedicine software ,  enables the user to take part in a real time multimedia communication in spite of the distance separating them.
1.2   Summary  Of  Work  Done 

We have developed Software for all kinds of media communications- Video, Audio, Graphics,  Images, Forms and Text. For Video, Audio and Image Communication, Raw data is been compressed before transmission.  Video Interfaces provided by Microsoft DirectX are used for capturing Video from a Camera or VCR. For Video and Audio conferencing, a standard videoconferencing software, Microsoft NetMeeting is used.

For online Image communication, a novel technique has been used. Initially, image is sent  at high compression ( low resolution). Then the doctor at the referral end specifies a region of interest in the image. That subimage then sent at high resolution to the referral end.

For online graphics communication, functionality has been provided for whiteboard conferencing over a common canvas. This part has been built over the OpenGL platform.

For online Forms conferencing, HTML forms and CGI-scripting has been used. The doctor can view the patient records present at the local database, and also prescriptions may be stored at the nodal center.

Suitable Graphical User Interface and Documentation has been provided for end user’s convenience.

The Package was developed in the following environment :

Programming Language : Visual C++ (version 6.0), CGI-scripting using C.

Operating System : Windows 95/98 .

Web Server : Xiami Web Server
1.3  Functional Details of various Media components 
Video  :

I. Capture 

· Video sequence can be captured from a VCR or Camera and can be stored in AVI (Video for Windows) or MPEG format.
II. On-line

· User can send a Video sequence at desired Frame rate and Quality.

Audio :
I. File 
· Audio data can be recorded and stored in a file

II. On line
· Audio can be played back immediately on the sound blusters associated with the computer where it was recorded with the use of a microphone.

III. Point to point
· Full duplex  real time, point-to-point audio data transmission between two computers connected over low bandwidth dial-up telephone line.

Image :

· Any Image in 8-Bit or 24-Bit , raw or Bitmap format can be converted into JPEG format with desired quality.

· Any subimage (rectangular region) can be retrieved in the desired resolution.

Graphics :

· A Bitmap File can be displayed in the background.

· Basic Graphic Primitives like point, ellipse, rectangle etc. can be drawn,  using mouse. The changes will be visible on the other end.

Text :

· Users can do text communication.

· The discussions can be stored in a disk file.

Chapter  2  

System Overview and Architecture

2.1
System Overview
As mentioned earlier, the present system is capable of performing various media communications like Video, Audio, Image, Graphics, Forms and Text , in real time. Two machines that take part in the communication are connected via dial-up telephone line using a modem.

The main system is designed in such a way that on each of the two communicating machines there will be a separate process for handling each different multimedia object. The total available bandwidth is divided among the different multimedia services. Although nothing has been done to guarantee bandwidths to different multimedia services dynamically, it still is quite capable of working satisfactorily. The reason for this is that we have pre-allocated a maximum limit of bandwidth for each service, and so even in the worst case , when all other media are consuming their allocated part of bandwidth, the remaining media will still have its maximum pre-allocated bandwidth at its disposal. 

Another way to solve this problem of allocating bandwidth to different media would have been to dynamically assign bandwidths to them. In the present system, we have separate, independent processes handling each service without any knowledge of other services that are also being transmitted over the channel simultaneously. This can be changed so that instead of all the processes sending data independently to the channel, we have only one process in each computer for sending data. Each multimedia service will be handled by separate, independent processes as before, but instead of sending data directly to the channel , they will pass their data as a transmission request to the process that will ultimately send the data into the channel. This process will dynamically calculate the bandwidth required by each service from the amount of data received from each media and will send packets of different media with a bandwidth for each media that will be proportional to the data-rate required by that media. The allocated bandwidth will be dynamically adjusted according to the changing pattern of transmission request of the media.

Our approach in this project was the first one, i.e.,  pre-allocating a maximum limit of bandwidth to each media and let the different processes handling different media transfer data to channel independently. The success of this scheme depends a  lot on the success of the compression algorithm that is used. Although this scheme works satisfactorily, but the second option is also worth giving a try and the results of both the schemes can be compared to arrive at a final decision. 

Another aspect of this software is that no attention is given towards inter-media synchronization. This is so, because in this system, we do not need to synchronize different media, keeping in mind the application point of view. If on the sender side audio is produced first and text is produced later, and on the receiving side, they are reproduced in the opposite order, there is no harm as far as the utility of this system to the end users is concerned.
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2.2 System Architecture 



2.2.2   Network configuration 

2.2.2.1   LAN 

 In this configuration, the communicating computers are connected via a Local Area Network (LAN). The LAN connections are 10-base-T Ethernet connections (through a Hub) offering a bandwidth as high as 10 MBPS.  So, this configuration can be used to test the system and run algorithms (for example, the uncompressed data transmission) which are otherwise impossible in low bandwidth channel connection. This helps to understand the relative merits and the demerits of all the algorithms used on a single architectural platform and same network configuration which is not possible with other type of network configurations.

2.2.2.2   Modem 

The telemedicine network consists of several centers (nodes). Each Center has a similar network architecture. At each node there is a NT-server which acts as the gateway for a LAN of Windows 95/98 machines ( connected through a hub). Each of these machines is capable of acting as a nodal or referral center. The NT server can act as either a PPP server or client over a WAN, which in our case is a telephone network. We use 56 kbps modems as the speed of a normal EPBX telephone network usually does not exceed 15 kbps. Tests carried out with Video and Audio data as well as other parts of the telemedicine software, did not produce satisfactory results. So, it is now being thought of providing a dedicated line for video transfer and another one for other data transfer. Another option is to use an ISDN leased line, which has a bandwidth of 128 kbps, of which about 64 kbps is utilisable. 

The LAN configuration was used in the developmental phase of the application and testing was done using the MODEM connecton. 


CHAPTER 3

REQUIREMENT SPECIFICATIONS


The TELEMEDICINE is broadly organised in two major components namely OFFLINE and ONLINE modules. The reasons behind this concept are as follows:

· It saves bandwidth.

· The persons at the two ends can make themselves aware of some of the facts about the patients who are going to be treated. 

3.1   Offline Module

This part consists of:

· Data Organiser and Data Sender

· Data Receiver and Data Distributor

· Offline Browser

· Appointment Manager

· Session Scheduler

In the Nodal Centre there will be a Data Organiser and Data Sender and the Data Receiver and Data Distributor at the Referral end.

I.
Features of the Data Organiser and Data Sender:
· It will ask for a password and no one will be allowed to use the software without a valid password. 

· It will also ask for the date and check the date with the system date for security.

· It will ask also the broad category of the disease for which telemedicine is advised

· Each patient will have a unique ID (alphanumeric code) in the format:

<centre code(3 char)><date(DDMMYYYY)><serial no(3 char)> 

· For the new patients the patient ID will be generated by the system automatically.

· For the patient those who are already registered, patient ID will have to be supplied to use the data organiser.

· The patient ID and Date will remain unalterable in all situations.

· The Data Organiser will accept the patient data from the operator through its GUI. There will be different types of forms to accept the data. Like patient's Personal Information form, different test reports etc. 

· Different directories will be created with the names similar to that ID. All the information for the patients will be at first stored in the temporary directory.

· All the form data will be stored in a single file (Main data file of Fig.1).

· Still images can also be uploaded using this organiser and those images will also reside at the same directories.

· The Data Sender will send the images and data form the temporary directory.

· The Data Organiser will make different data files for each patient and each form type and distribute them in the respective directories (Fig. 1).

· Image files will also be distributed accordingly.

· More than one patient's data can be uploaded one by one.

· File name convention for individual form data file:

<pat_id(14 char)><date(DDMMYYYY)><form type(3 char)><sl. no(2 char)>

· File name convention for individual image file:

<pat_id(14 char)><date(DDMMYYYY)><image type(3 char)><sl. no(2 char)>

· Hard copies will be generated for the patients whose information is sent to the referral centre.

· It will be possible to upload data in different sitting in a particular day. Data organiser will keep track of all the data for that particular date.

· It will modify the Patient Queue. That queue will have Patient ID, Type of Disease, and Present Status etc.

II.
Features of Data Receiver and Data Distributor:

· It is actually the server process designed in such a manner that it remains active at Referral end all the time.

· Data will be received and primarily saved in a temporary directory at the Referral end.

· Acknowledgement will be sent to the respective Nodal Centre.

· Data Distributor will read data from the temporary directory and distribute files directory wise.

· It will also modify the Patient Queue. That queue will have Patient ID, Type of Disease, and Present Status etc.

· Lastly it will empty the Temporary Directory.

III.
Features of the Offline Browser:

· One will be able to browse through the Patient data from the Patient Queue at the respective end.

· The specialist doctor at the referral end will go through the patient reports and test results by using this offline browser, if the expert wish he/she could send textual prescription and notes to the Appointment Manager of the nodal centre.
IV.  Features of the Appointment Manager:

· This is similar to a common e-mail service.

· Any textual communication will be possible by this module.

· It will also generate required hard copies.

· There will be Clients and Servers of this Appointment Manager on the both sides (Referral and Nodal) of the network. So that messages could be sent from the Nodal end also.

There will be a Session Scheduler to create the online session scheduled for a particular day using the generated patient queue. Manual editing for the online schedule will also be possible. For that, one will have to consult the patient queue. If an online session is scheduled for some patient the patient queue will be updated automatically.

**There will be Configuration File(s) on the root to store IP addresses, paths etc. as textual information. Each software module should read configuration file(s) during execution.

3.2 Online Module

This part consists of:

· Desktop Video Conferencing with Whiteboard Conferencing

· Session Coordinator

· Online Form Communicator

· Online Graphic Communicator

· Online Image Communicator

I.
The Desktop Video Conferencing will be arranged using standard software: Microsoft Netmeeting. Where there are provisions of audio-visual communication, text communication and whiteboard conferencing.

 II. Features of the Session Coordinator:

· It will prepare the list of patients for online session for a particular date.

· This Session Coordinator will invoke other three online modules (Graphic, Image and Form Communicator).

III.
Features of the Graphic Communicator:

· There will be one sender and one receiver at each end.

· Sender the will select one image file, stored in the patient's directory by the offline part.

· The image will be displayed on canvases at both ends.

· The canvas will provide some marking tools (point, straight line, freehand line, polygon, and ellipse) to mark on the displayed image. The marks drawn on one end will be visible from the other.

· In addition to that there will be option for online text chat in the same module.

IV.
Features of Image Communicator:

· Still images will be sent in low resolution first.

· There will be provision for transferring part of an image with variable quality (resolution).

V.
Features of Form Communicator:

· There will be Password protection facility.

· It will be able to communicate with the forms, sent by the offline module.

· Communication is possible with a fresh new set of forms as the doctor at the referral centre may want to know about a test result that is not available at that end.

· Online prescription facility in textual format will be available in this module. 

After the online session of a patient the patient will receive a hard copy of the prescription in which the information regarding his/her current status will also be printed.


Fig 3.1  Directory Structure












Fig 3.2   Information Organisation for the Patient Queue
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Fig 3.3   Offline Browser

CHAPTER 4

FORMS  COMMUNICATION

4.1 Basic Concepts

Forms Communication is the very cornerstone of the telemedicine software. Initially, forms for the patients are collected (as in a data entry operation) and sent to the referral center in offline mode. At the Referral Center, the data distributor extracts all the information and puts the forms for a patient at the requisite location. During the online telemedicine session, the doctor at the referral end mentions that an additional test report would be required. Then, the doctor at the nodal end sends one more form to the referral center. The forms present at either end are viewed using the offline browser. The online form communicator recursively decides on the id of the form by getting the patient id of the current patient from the session co-ordinator. The online form communicator stores the forms as the query strings passed to the HTML form and they are loaded at run-time. A whole range of forms is made available to the  doctor to choose from.

Another aspect of the form communication is the submission of prescriptions by the doctors at the referral end. 

4.2  Basics of HTML Forms and CGI-scripting

The basic aim of form communication was to make the communication completely scalable. So, at any point of time any new form can be introduced, without affecting the existing modules. Hence, HTML forms and CGI-scripting were used.

4.2.1  HTML Forms

In an HTML document, forms are set between the <FORM> container tags. The form container works as follows: 

<FORM METHOD="how_to_send" ACTION="URL of script">
...form data...
</FORM> 

Notice that the <FORM> tag takes two attributes: METHOD and ACTION. The METHOD attribute accepts either POST or GET as its value. POST is by far the more popular, as it allows for a greater amount of data to be sent. GET is a little easier for Web programmers to deal with, and is best used with single responses, like a single textbox. 

The second attribute is ACTION, which simply accepts the URL of the script that will process the data from the form. Most often the script is stored in a directory called bin/ or cgi-bin/ located on the Web server. 

An example of the <FORM> tag then, would be the following: 

<FORM METHOD="SEND" ACTION="http://www.fakecorp.com/cgi-bin/register_script"> 
</FORM> 

One of the more common uses of forms is to accept multiple lines of text from a user, perhaps for feedback, bug reports, or other uses. To do this, one should use the <TEXTAREA> tag within the form. One can set this tag to control the number of rows and columns it displays, although it will generally accept as many characters as the user desires to enter. It takes the following form: 

<TEXTAREA NAME="variable_name" ROWS="number" COLS="number"> 
default text
</TEXTAREA>

The next tag of the suggested HTML forms give the user the opportunity to be a bit more picky about the type of input one would to accept from the user. The <INPUT> tag follows the following format: 

<INPUT TYPE="type_of_box" NAME="variable" SIZE="number" MAXLENGTH="number"> 

Now, technically, the only required attributes are TYPE and NAME. Some other "types" of the input tag will also accept the attribute VALUE. But first, let's look at the different types of <INPUT>. 

The first possible value for the TYPE attribute is TEXT, which creates a single-line textbox of a length one may choose. Notice that the length of the box and the maximum length entered by the user can be set separately. It's possible to have a box longer (or, more often, shorter) than the maximum number of characters one may permit to be entered. Here's an example of a textbox: 

Last name: <INPUT TYPE="TEXT" NAME="last_name" SIZE="40" MAXLENGTH="40"> 

4.2.1 CGI-scripting

Before the server launches the script, it prepares a number of environment variables representing the current state of the server, who is asking for the information, and so on. The environment variables given to a script are exactly like normal environment variables, except that one can't set them from the command line. They're created on the fly and lasts only until that particular script is finished. Each script gets its own unique set of variables. In fact, a busy server often has many scripts executing at once, each with its own environment. 

Also, depending on how the script is invoked, the server may pass information another way, too. Although each server handles things a little differently, and although Windows servers often have other methods available, the CGI specification calls for the server to use STDOUT (Standard Output) to pass information to the script

CGI Script Structure
When a script is invoked by the server, the server passes information to the script in one of two ways: GET or POST. These two methods are known as request methods. The request method used is passed to the script via the environment variable called-appropriately enough-REQUEST_METHOD. 

· GET is a request for data-the same method used for obtaining static documents. The GET method sends request information as parameters attached at the end of the URL. These parameters are passed to your CGI program in the environment variable QUERY_STRING.
For example, if a script is called myprog.exe and one invokes it from a link with the form <a href="cgi-bin/myprog.exe?lname= blow&fname=joe">, the REQUEST_METHOD will be the string GET and the QUERY_STRING will contain lname=blow&fname=joe. The question mark separates the name of the script from the beginning of the QUERY_STRING. On some servers, the question mark is mandatory, even if no QUERY_STRING follows it. On other servers, a forward slash may be allowed either instead of, or in addition to, the question mark. If the slash is used, the server passes the information to the script using the PATH_INFO variable instead of the QUERY_STRING variable. 

· A POST operation occurs when the browser sends data from a fill-in form to the server. With POST, the QUERY_STRING may or may not be blank, depending on the server. If any information is present, it will be formatted exactly as with GET and is passed exactly the same way.
The data from a POSTed query gets passed from the server to the script using STDIN. Because STDIN is a stream and the script needs to know how much valid data is waiting, the server also supplies another variable, CONTENT_LENGTH, to indicate the size in bytes of the incoming data. The format for POSTed data is variable1=value1&variable2= value2&etc. 
The requesting program must examine the REQUEST_METHOD environment variable to know whether or not to read STDIN. The CONTENT_LENGTH variable is typically useful only when the REQUEST_METHOD is POST. 

Standard CGI Environment Variables
Here's a brief overview of the standard environment variables one is likely to encounter. Each server implements the majority of them consistently, but there are variations, exceptions, and additions

The follow1ing environment variables are set each time the server launches an instance of one script, and are private and specific to that instance: 

· AUTH_TYPE If the server supports basic authentication and if the script is protected, this variable will provide the authentication type. The information is protocol- and server-specific. An example AUTH_TYPE is BASIC. 

· CONTENT_LENGTH If the request includes data via the POST method, this variable will be set to the length of valid data supplied in bytes through STDIN-for example, 72. 

· CONTENT_TYPE If the request includes data, this variable will specify the type of data as a MIME header-for example, application/x-www-form-urlencoded. 

· GATEWAY_INTERFACE This provides the version number of the CGI interface supported by the server in the format CGI/version-number-for example, CGI/1.1. 

· HTTP_ACCEPT This provides a list of MIME types, comma-delimited, that are acceptable to the client browser-for example, image/gif, image/x-xbitmap, image/jpeg, image/pjpeg, and */*. This list actually comes from the browser itself; the server just passes it on to the CGI script. 

· HTTP_USER_AGENT This supplies the name, possibly including a version number or other proprietary data, of the client's browser, such as Mozilla/2.0b3 (WinNT; I). 

· PATH_INFO This shows any extra path information, supplied by the client, tacked onto the end of the virtual path. This is often used as a parameter to the script. For example, with the URL http://www.yourcompany.com/cgi-bin/myscript.pl/dir1/dir2, the script is myscript.pl and the PATH_INFO is /dir1/dir2. 

· PATH_TRANSLATED Supported by only some servers, this variable contains the translation of the virtual path to the script being executed (that is, the virtual path mapped to a physical path). For example, if the absolute path to the Web server root is /usr/local/etc/httpd/htdocs and your cgi-bin folder is in the root level of the Web server (that is, http://www.mycorp.com/cgi-bin), a script with the URL http://www.mycorp.com/cgi-bin/search.cgi would have the PATH_TRANSLATED variable set to /usr/local/etc/httpd/htdocs/cgi-bin/search.cgi. 

· QUERY_STRING This shows any extra information, supplied by the client, tacked onto the end of an URL and separated from the script name with a question mark. For example, http://www.yourcompany.com/hello.html?name=joe&id=45 yields a QUERY_STRING of name=joe&id=45. 

· REMOTE_ADDR This provides the IP address of the client making the request-for example, 199.1.166.171. This information is always available. 

· REMOTE_HOST This furnishes the resolved host name of the client making the request-for example, dial-up102.abc.def.com. Often, this information is unavailable for one of two reasons: the caller's IP isn't properly mapped to a host name via DNS, or the Webmaster at your site has disabled IP lookups. Webmasters often turn off lookups because they mean an extra step for the server to perform after each connect, and this slows down the server. 

· REMOTE_IDENT If the server and client support RFC 931, this variable will contain the identification information supplied by the remote user's computer. Very few servers and clients still support this protocol. The information is almost worthless because the user can set the information to be anything he wants. Don't use this variable even if it's supported by your server. 

· REMOTE_USER If AUTH_TYPE is set, this variable will contain the user name provided by the user and validated by the server. 

4.3 Forms Structure


Here are the snapshots of some of the forms :
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Fig 4.1   Form for Liver Function Test
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     Fig 4.2  Form for Loss of Sensation Test

4.4 Algorithm for Online Form Communication

· Load the form in the browser.

· Data is Input into the textBoxes.

· Submit Botton is pressed.

· The CGI-script reads the environment variable QUERY_STRING.
· The QUERY_STRING is parsed and stored in the proper place.

· The same Web Page is redirected to the browser using the environment variable HTTP__REFERER.
CHAPTER 5.

IMAGE COMMUNICATION

5.1
BASIC CONCEPTS:
Image Communication is an inseparable part of  this project. Initially, some test images of the patient has been sent in offline mode. Then in the course of the conferencing, it is found that some additional test image is essential for diagnosis. Then, if the uncompressed bitmap image is sent in online mode, the will be a clogging of the network traffic, due to the large size of the bitmap image. So, using some compression scheme we send the image in compressed form with low resolution. Then we send the subimage pretaining to the region of interest in high resolution, as and when required. This new image of high and low resolution parts is saved as a bitmap image in the referral end.  Image server provides the facility of transferring images, in desired quality. The basic idea behind this kind of application  is that, it provides the background images that are used in Canvas Communication to discuss upon. For example, two doctors discussing about a patient’s X-ray report using Canvas Communication. Now the Graphics Server assumes that the background image, i.e. the x-ray report, is available at both ends. Now it is the job of Image server to send the file from one end to the other. Initially it transfers the image in low resolution (poor quality) to save bandwidth. In between a part of the image may required in better resolution. It is the job of Image server to handle all such requests. Image communication may be deferred on on-line. Images are compressed in JPEG format before they are transferred. At the other end they may be kept in JPEG or Bitmap format.

JPEG Compression Basics : JPEG( stands for Joint Photographic Experts Group) is a standardized image compression mechanism. JPEG is designed for compressing either full-color or gray-scale images of natural, real-world scenes.  It works well on photographs, naturalistic artwork, and similar material; not so well on lettering, simple cartoons, or line drawings.

JPEG is "lossy," meaning that the decompressed image isn't quite the same as the one you started with.  (There are lossless image compression algorithms, but JPEG achieves much greater compression than is possible with lossless methods.)  JPEG is designed to exploit known limitations of the human eye, notably the fact that small color changes are perceived less accurately than small changes in brightness.  Thus, JPEG is intended for compressing images that will be looked at by humans.. A useful property of JPEG is that the degree of lossy-ness can be varied by adjusting compression parameters.  This means that the image maker can trade off file size against output image quality.  One can make extremely small files if poor quality is not unacceptable ; this is useful for applications such as indexing image archives.  Another important aspect of JPEG is that decoders can trade off decoding speed against image quality, by using fast but inaccurate approximations to the required calculations. Remarkable speedups can be obtained in this way.  (Encoders can also trade accuracy for speed, but there's usually less reason to make such a sacrifice when writing a file.)

JPEG defines a "baseline" lossy algorithm, plus optional extensions for progressive and hierarchical coding. There is also a separate lossless compression mode; this typically gives about 2:1 compression. 

Steps involved in baseline JPEG coding
1. Image is transformed into a suitable color space. This is a no-op for grayscale, but for color images one generally likes to transform RGB into a luminance/chrominance color space (YCbCr, YUV, etc). The luminance component is grayscale and the other two axes are color information. 

2. The pixel values for each component are grouped into 8x8 blocks. Each 8x8 block is transformed through a discrete cosine transform (DCT). The motivation for doing this is that one can now throw away high-frequency information without affecting low-frequency information. (The DCT transform itself is reversible except for round off error.) 

3. In each block, each of the 64 frequency components is divided by a separate "quantization coefficient", and the results are rounded to integers. This is the fundamental information-losing step. The larger the quantization coefficients, the more data is discarded

4. The reduced coefficients are encoded using either Huffman or arithmetic coding. Huffman coding is basically entropy coding and in arithmetic coding option uses Q-coding.

5. Appropriate headers, etc are tacked to the output result. In a normal "interchange" JPEG file, all of the compression parameters are included in the headers so that the decompressor can reverse the process.


Fig 5.1 Block Diagram of a simple JPEG coder.

.
Progressive JPEG : A progressive JPEG is really no more than a standard JPEG compressed image with the data rearranged into a series of scans. Over a slow communications link (as currently used by a large percentage of the on-line community), a decoder can generate a low-quality image quickly from the first scan and gradually improve the quality as more data is received. This incremental display is a progressive JPEG's most appealing feature. Progressive JPEG files also tend to be smaller than sequential JPEG files.

5.2
ALGORITHM AND IMPLEMENTATION
 : The main work in this implementation is to compress raw image into JPEG format and decompress the JPEG file to get back the image in original format for viewing. The compressed file transferred through a TCP/IP channel. Major steps involved in this development are:

1. Initialize Server: The server program should be running on the machine from which image is to be retrieved. This process will bind itself with a specific port and will listen for socket connections form Clients. Also, the patient id currently selected by the session coordinator is read.

2. Make Connection :  Initially a connection between the nodal and the referral center is established, from where the image needs to be retrieved.

3. Select File: The server shows a list of image file available, and the user can select any file for retrieval. The image has to be in bitmap format. The path of the image file is stored. 

4. Server is turned on: When the server is turned on, it blocks and the communication with the client takes place asynchronously though a predecided protocol. The protocol is as follows:
· First, Csocket objects are created on both the sides. The port 5005 is decided upon and the respective IP addresses are read from the configuraton files.
· The referral center acts as the listener in the sequence of communication. The nodal center tries to establish a connection with the referral center, and if there is a failiure then the nodal center is prompted and the server is freed.
· Once a connection is established, then an acknowledgement is sent to the referral center and the client reads the selected bitmap file.
· The currently selected Patient id (generated by the session co-ordinator), is sent to the referral end. 
· The header information is extracted from the bitmap file, and it is converted into a raw image.
· The image width and height (ie., the image dimensions) are sent to the referral end.
· An acknowledgement is sent back to the nodal center signifying receipt of image dimensions.
· The raw image is then compressed using JPEG compression. The initial quality is set to 5 (on a scale of 0-100).
· The bitmap file is then copied to the appropriate location in the local disk.
5. On the Client side(ie., the referral end) user is prompted (though a dialog box) to provide the information about the image. Client can provide the following information about the image

· Size: Size of the image ( Width x Height ).

· Pixel Bits: Whether 8,16 or 24 bits per pixel. Images less that 8 bits per pixel do not produce good results with JPEG.

· Color Order: Whether color values of the pixel are stored in RGB, RBG or RR  GG BB etc. order.

· Header Bits: If their is a user specified header in the image, size of that header should be provided.

· Flip: If the image needs to be flipped while drawing.

Even if all these information are not provided then, the image communicator extracts the necessary values from the bitmap header, and the others are taken to be default values.

6. Compress File: This is the major part of  this implementation. The image is compressed in JPEG format using IJG JPEG LIBRARY. This library supports conversion of some standard image file formats to JPEG format. The basic steps in compression are:

· Specify the destination of the compressed image: This is normally a file. A C style FILE * is initialized to specify the destination object.

· Allocate and Initialize a JPEG compression Object : A JPEG compression object is of type ‘jpeg_compress_struct’ and it should be initialized by the information of the file that is to be compressed. Some of its important fields are

‘image_width’ :
Width of the input image.

‘image_height’:
Height of the input image.

‘quality’: 
Output Image quality can be specified.

‘image_components’:  No of color components per pixel.

‘in_color_space’:  Color Space of the input image.

For Remaining parameters default values can be set using function ‘jpeg_set_defaults’(..).

· Start Compression: ‘jpeg_start_compress(...)’ initializes compression of the image file.

· Add Scanlines: One by one scan lines are added to the JPEG coder, and it continues till all scanlines are finished. A scan line is an array of pixel values. Normally this array size is same as the width * No of bytes per pixel.

· Finish Compression: ‘jpeg_finish_compress’ ends compression. The compression object writes the compressed data to the destination, and releases all the intermediate objects. JPEG compression object is released thereafter.

5.
The compressed Jpeg image is sent to the referral center using the ifstream class in binary mode.

6.
Decompress Image:
Steps involved in decompressing the JPEG image are just exactly opposite to those in Compression. The main steps involved are:

· Initialize a JPEG decompression object:  The decompression object is initialize with certain error handler function pointer and other default parameters.

· Specify source of compressed Data: The compressed image (JPEG format) is normally available in a disk file. This file is attached to the decompression object.

· Start Decompress: ‘jpeg_start_decompress(..)’ initializes decompression of JPEG file.

· Extract Scanlines: As in the compression module, one by one raw pixel values were fed to the compressor, similarly the ‘jpeg_read_scanlines(...)’ returns scanlines of image data. These pixels values along with other basic Image information provided by the decompression Object can be used to reconstruct the Original Image.

· Finish Decompression: The decompression object is released and input file is closed.

7.
Extract SubImage:
User is prompted to select a rectangular area on the image. Then through a dialog box, the desired quality of the region of interest is asked for. Some qualitative measures are kept to aid the doctors in their decision. This portion of the image is extracted in the desired quality. Only difference from the previous method is that, instead of feeding the whole scanline in the compressor only the pixel corresponding to selected area  are used for compression.

8.         There is a facility for saving the image so obtained at the referral 

end. The URL for saving the Image is generated by the session co-ordinator.


5.3
GRAPHICAL USER INTERFACE  Here the server is a dialog Box based application and the Client program is an SDI (Single Document Interface) application. 

The Server program provides only the options of specifying the details of the file it wants to obtain. If nothing is specified then default values are assumed. If the Server On button is clicked the Dialog Box is blocked and it continues running in the background mode.

The Client program when receiving an image form Server asks user for certain information. If the image being retrieved is in Raw format , user must provide Width and Height of the Image, as well as mention 0 bytes as the header size. He should also provide information about the channel  - whether one or three channels (RGB) are being used. User can also specify the quality parameter for compression. The user also has the option of leaving the fields untouched. Then, the image is assumed to be a 3-channel bitmap, with header size 54 bytes, with BGR ordering. The default initial resolution is taken to be 5.

When a subimage is specified, a dialog box showing the dimensions of the subimage is thrown up. The user can specify the resolution of the subimage he wants through some qualitative scales or through a slider control.

Whenever the initial image or subimage arrives at referral end, a MessageBox is thrown up signifying that the request has been serviced.




Fig 5.2: Options and File Selection Dialog Box for the Image Client.
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Fig 5.3 :  GUI for the image Server
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Fig 5.4 :  Client loaded with resolution set at 15 ( on a scale of 0-100)
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Fig 5.5 :  Dialog to get desired qualtiy of subimage

5.4
RESULTS

The program was tested on Windows 95 and Windows NT environment for different images. The tests were done on a LAN. Same results are expected on a point to point MODEM based communication. The only difference will be the increased delay in arrival.

 The following data was gathered during the tests.

· Compression ratio :  ratio of  original image size to compressed image size.

· PSNR.1
The parameter that could be varied in the test was ‘Quality’ , i.e. the quality of JPEG compression.

Compression Ratio Test:
	           Image:

 Quality:
	MANDRILL.RAW

 256 X256

 RGB Image

Size:  192 KB
	ORB.RAW

320 X 160

GREY SCALE

Size: 48.7 KB
	ROSE.RAW

247 X 149

RGB

Size:  99.0 KB

	0
	10
	8.3
	75

	10
	45
	6
	53

	20
	28 
	4.0
	40

	50
	12
	2.4
	23

	75
	9.6
	2
	18

	99
	3
	1.5
	6



Fig 5.6 :Compression Ratios for three different Images at given Quality Levels.


PSNR Test: 

	          Image:

Quality:
	BLUR8.BMP

128 X 128

GREYSCALE

Size: 16.8 KB
	ROSE.RAW

247 X 149

RGB

Size:  99.0 KB

	0
	19
	18

	20
	32
	27

	50
	35
	31

	75
	42
	39

	99
	Very large
	Very large




Fig 5.7: PSNR for two Images at given Quality Levels 

For example, a bitmap image of 120 kb was initially compressed to 4 kb at quality = 5. Then a subimage was specified with raw size 35 kb and quality = 25; the size of the compressed subimage came out to be 4kb. Finally, a subimage of raw size of 23 kb was specified with quality = 85, and the size of the compressed subimage was 7kb. Thus the net saving in bandwidth was 120/(4+4+7) = 8 times.


CHAPTER 6

GRAPHICS COMMUNICATION

6.1
BASIC CONCEPTS:
In graphics communication, users can communicate by drawing basic graphics primitives on the screen. These primitives get transferred and the message is delivered in this fashion. The idea behind this kind on an application is that – suppose two doctors want to discuss an X-ray report of a patient. Assuming that both have their own copy of the report in Bitmap format. With ‘Graphics Communication’ kind of application the bitmap can be loaded in the  background and the user can draw on them using mouse, indicating a  certain part of the picture, encircling another feature in the report etc. Also they can send message through Audio and Text programs. So this Program along with Audio and Text Communication provides a good mode of conferencing. Graphics Server is coupled with Image Server too. The basic concept is that- initially the background picture is available in low resolution, and user can demand a particular section in the image in higher resolution. Now it’s the job of Image Server to load the bitmap, extract a particular section of the bitmap, compress it in JPEG format at higher quality (resolution) and provide it to the user.


In the Canvas communication, we load an image background. This image must be in Microsoft Bitmap format. Some details about the common Bitmap Format are listed below.


BITMAP FILES:
· A bitmap is a graphical object that can be used to represent an image in programs written for Windows. Using a bitmap, an image can be easily stored, loaded, and displayed. A bitmap is only one of many graphical objects available when writing Windows programs. 

· Bitmaps provide a flexible way to store image data in a Windows program. The data structure used for a bitmap is straightforward and enables a wide variety of bitmap types to be stored. 

· Bitmaps come in two basic flavors: Device-Independent Bitmaps (DIB) and Device- Dependent Bitmaps (DDB). In earlier versions of 16-bit Windows, only DDBs were supported. Beginning with Windows 3.0, and on all versions of Windows NT, DIBs are supported. 

· A DDB is tightly coupled to the device on which it is intended to be displayed. The memory that is used to store the bitmap is actually allocated by the device driver, and an application that must change the contents of the bitmap must do so indirectly, a slow and inefficient process. One major problem with DDBs is that an application must supply bitmaps in a format supported by the driver.

· To work around these problems, all versions of Windows since the Jurassic era (Windows 3.0) support DIBs. A DIB has a known structure that can be converted easily into a DDB whenever necessary.

DIBs contain four data structures. 

· The BITMAPFILEHEADER Structure: The BITMAPFILEHEADER structure is used only when the bitmap is read or stored to disk. When a DIB is manipulated in memory, the BITMAPFILEHEADER structure is often discarded. The remaining parts of the DIB structure follow the same format whether they're located in memory or in a disk file. 

· The BITMAPINFO Structure: The BITMAPINFO structure contains a BITMAPINFOHEADER and zero or more palette values for pixels stored in the bitmap. BITMAPINFOHEADER contains information about the dimensions, color format, and compression for the bitmap.

After the BITMAPINFOHEADER structure, the bmiColors variable marks the beginning of the color table. This table is used if the bitmap isn't a 16-, 24-, or 32-bits-per-pixel bitmap. The color table is an array of RGBQUAD structures, with each entry storing one of the colors used by the bitmap. The members of the RGBQUAD structure are



BYTE    rgbBlue;


BYTE    rgbGreen;


BYTE    rgbRed;


BYTE    rgbReserved; // Always set to zero

The members of the RGBQUAD structure represent the red, green, and blue color intensity for a color stored in the color table. Each structure member has a range of 0-255. If all members have a value of 0, the color is black; if all members have a value of 255, the color is white. 

· The DIB Image Array:  An array of pixel information follows the color table. Every pixel in the bitmap is represented by one element of this array. Each element contains a value that represents one of the color map entries. If the first element in the array has a value of 32, the first pixel in the bitmap will use the color found in color table entry number 32..

Every entry in the image array refers to a pixel in the displayed image.
6.2
ALGORITHM AND IMPLEMENTATION:  The basic aim of this application is to provide the user with a canvas on which he can scribble some graphics primitive. As mentioned earlier, there may or may not be any image in the background. I have made a class CCanvas  that handles all the functions related to it. Key steps involved in this process are:

1. Read Images’ list: In the beginning both sender and receiver read the list of available bitmap files in the predefined directory –‘bitmap_files’. These are the images that can be displayed in the background.

2. Make Socket Connection: Receiver clicks at ‘Accept Remote System’ to listen for any socket connection request. Sender presses ‘Connect Remote System’ , and  a dialog box asking for IP address pops up.  Then using Csocket functions a TCP/IP connection is established.

3. Open Bitmap: Sender clicks on ‘Bitmap Open’ and a list box containing the names of available bitmap files, pops up. Sender can select any bitmap file out of it, to display in the background. Now sender sends the name of this file to Receiver and Receiver too opens the same bitmap in the background. It is assumed that the same image file is available at both ends. This is the job of Image Server
 to send Image files, and post them in the required directory. To open a bitmap file in the background, following steps are required:

· Read BITMAPFILEHEADER. If the value of bfType field in ‘B’’M’, the file is in Microsoft Bitmap format.

· Read BITMAPINFOHEADER. This structure tells about the size and other details of the Bitmap file.

· Read RGBQUAD. This gives the color palette used by the bitmap, if any. This color palette should be loaded to display the bitmap file.

· Read PIXELS. Pixel intensity values are read in row major order.

· Get device context of the window, where bitmap needs to be displayed. This is done by using GetDC() or GetSafeDC() function.

· StretchDIBits(..) function is used to display the bitmap on given device context. The image can be stretched or shrinked if its size is less/more than the window size.

4. Choose Graphic Object: In the toolbar certain icons are provided for selecting the graphic object to be drawn. As the object is selected a message is sent to the receiver that this ‘shape’ has been selected by the  user. The same icon appears to be pressed on the other end too.
5. Draw Graphic Object: User can draw the object by dragging mouse on the screen. The object data is sent to the Receiver and the same primitive appears there too. User is provided by following basic objects:

· Line: To send a line, the coordinates of two end points are sent to the Receiver.

· Rectangle: The coordinates of upper-left and lower-right corner are sent to give complete description of a rectangle.
· Ellipse/Circle: Again the coordinates of encompassing Rectangle are sent to draw ellipse or circle.
· Points: Here user can drag mouse to draw a set of points on the screen. All these points are listed and after the left mouse button is released ,the point set is sent to the receiver. Faster the user drags the mouse, lesser will be the number of  MOUSE_MOVE messages, and hence lesser will be the data size. 

· Polygon: A closed polygon is a set of lines where the starting point of the first line and end point of the last line meets. For a polygon data is sent line by line. I.e. end point of each line is sent to draw the line.

· Eraser: Erase is simply a fixed size square with no linecolor, and the background color as fillcolor. For eraser only point is sufficient to specify the square.
6. Do Image Processing Operations:  User can perform some basic image processing operations like edge detection, thinning, erosion etc.

7. Close Connection: The Cfile and Carchive attached to the socket are flushed and closed before terminating the socket connection.

6.3 Graphical  User  Interface:  The Canvas Communication Application is an SDI (Single document Interface) application. Interface is provided through several Menu and Toolbar Icons.
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Fig 6.1 :  The Canvas on which Graphics communication takes place
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Fig 6.2 :  Various Image Processing  operations  are

 performed. Here negative of the background

 image is shown.

CHAPTER 7

TEXT COMMUNICATION

7.1
BASICS  CONCEPTS: 
Text communication is the simplest and one of the most useful form of communication. It was the easiest in terms of implementation also. The program Is just like a common chat or talk program, where end-users can write in a text box and the messages shall be visible on the other end.

7.2
Algorithm 

1.
The peer computers establish a TCP/IP socket connection between themselves for text communication. The reason behind choosing TCP/IP as the communication protocol has already been described. MFC class Csocket is use


by sender and receiver for socket connection. Receiver calls ReceiveConnection( )

and waits on a particular port till a connection is established. Sender calls MakeConnection( ) and uses same port number for making connection.

2.
Sender types message in the edit box and clicks ‘Submit button’ or presses enter to send data. SendData( ) function Is called to send data o

Two other edit boxes have been included in the dialog box. One shows the text that is written in the current computer while the second one shows the text that is received from the peer node. Both edit boxes are furnished with vertical scroll bars to accommodate large amount of data. These parts have been described in details in the user interface part.

The data is scanned from the edit boxes as user types in. upon user request the data is sent through the socket to the peer computer.

If  a data arrives through socket, a message is generated and this causes the application to read text data from the socket and after reading the data it is shown in the appropriate edit box.

The integration of this software with the existing audio part was done in such a way that these two parts remain independent of each other. When the user presses a ‘text’ button from the main menu bar , a new process is created which executes the text part independent of the rest of the system.

7.3   GRAPHICAL  USER  INTERFACE 

Since the text communication was designed earlier by Naveen Leekha, so the GUI part is  described here in briefly.

The main dialog box consists of two edit boxes where text data is shown. One box is used to show the text that is typed from the terminal, and the second one is used to show the text that is sent by the peer computer over the network. Both these boxes are equipped with vertical scroll bars for showing large volume of texts.

There is one more edit box connected with the main dialog box, where text data is written. After writing some text, when the user wishes to send the text through the network , he can either press the ‘submit’ button or can just press ‘enter’ from his keyboard, both have been designed to perform the same function i.e. to send the data over the network.

Two other push buttons are used in the main dialog box for connection establishment. For the system to go into an socket accept state, a ‘accept’ button is to be pressed. To send a connect request to the peer node, a push button ‘connect’ is to be pressed.

Upon pressing the ‘connect’ button, another dialog box appears , which has an edit box where peer IP address is to be given. In case of the node connected directly to the LAN, the peer address can be fetched from a file by a push button ‘peer address’ as stated earlier. The dialog box comes with the usual ‘ok’ and ‘cancel’ buttons.

The main dialog box also has got two close buttons to end the socket connections.





Fig 7.3: User Interface for Text Communication.

CHAPTER  8

SESSION  CO-ORDINATOR

8.1  Basic Concepts

The basic motivation behind having a central Session Co-ordinator is to co-ordinate the various media activities during the conferencing session. During image and form communication, it need not be explicitly specified which patient the conferencing is taking place for. So, the session co-ordinartor supplies essential data like the patient id of the current patient for whom the conferencing is currently going on.

8.2   Functionalities

The sesion co-ordinator provides the following functionalities :

· Viewing the Patient’s Image List.

· Viewing the Patient’s Forms List.

· Viewing the Prescriptions for the Patient.

· Start an online Image Transfer.

· Start a graphics conferencing Session.

· View the current forms for the patient or send a fresh form for the patient.

· Add any patient asynchronously to the queue. If the patid was already present in the queue, the request is just ignored.

· Select the next Patient for telemedicine. The old  Patient is marked with a (***), to signify that telemedicine has already been carried out on this patient.

8.3   Configuration Files Maintained

Several configuration files are required by other applications for their smooth functioning. The Session Co-ordinator Generates and/or Updates these Files. In addition, the session co-ordinator takes as input the Patient Queue. Some of these files are :

· <center code>.cfg   :  These File maintains the IP address and Port no. for the referral end with the given center code.
· Curr_pat.txt    :    This temporry file contains the patient id of the current patient, ie., the patient for whom the conferencing is currently taking place. This is rewritten every time the session co-ordinator captures the event SelChangeList. The Online Image Communicator as well as the Form Communicator use this file.

· Morepats.txt  :  If we need to add any new patient to the patient list for the session, we assume that the patient id’s reside in this file. Later, when the appointment manager and Patient Queue are fully developed, this file can be generated using the two.

8.4   Graphical User Interface
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         Fig 8.1 :  Session Co-ordinator Interface.

CHAPTER  9 

9.1
CONCLUSION 

In this thesis, we have presented the design, implementation and some experimental results of a software which performs a real time, conferencing between two computers connected over low bandwidth dial-up telephone line. We have developed Audio, Video, Image, Graphics and Text communication software. 

Compression algorithms have been used for the audio, video and  communication part. In Audio communication delta modulation and Huffman coding are the basic methods used. For Video compression we have techniques like motion estimation, differential predictive coding and JPEG compression of image data. In Image communication, images are compressed in JPEG format before transmission. The system is currently capable of performing in a network connection through LAN as well as low bandwidth dial-up telephone line using modem. 

The unfinished works as well as the different possibilities that can be explored are explained in the next topic. 

9.2
FUTURE  WORKS

The system developed is able to do complete medical conferencing between  two computers connected over low bandwidth dial-up telephone line.

The design goal was to make the program easily extendable. For this reason, all multimedia services are handled by independent processes and the services provided and operations performed for each media has been encapsulated in separate classes. So, we view each media as a different object. Thus , it captures all the benefits of object oriented  designing. The system can be modified to include more functionality for an existing media by making modifications or adding new member function in the existing class corresponding to that media.

The network configurations that are used now to execute the process have already been explained in details, one configuration is where both the communicating machines are connected directly to a high speed LAN  , and the second configuration is where one machine is connected directly to LAN, and the second one connects to the LAN via a NT server using dial-up networking through modem. The future configuration as pointed out earlier should be through the low bandwidth dial-up telephone line only using modems without the presence of LAN in-between. Testing of the conferencing system has been done on LAN. More rigorous testing on the low-bandwidth channel is needed. This is required to make the system robust.

A lot of improvements are needed in Video Conferencing part. Till date at a frame rate of 5 frames/sec the bandwidth requirement is approximate 24 - 26 Kbps. So the present system cannot provide Full duplex video conferencing on a 33.4 Kbps telephone line. Only one-way Video plus other media services are ensured. There is a great scope of improvement in Video compression. 

· The bandwidth requirement needs to be halved to ensure full  duplex conferencing.

· Any further reduction in it will improve the frame rate, and hence jerky Video movement can be avoided.

· Use of JPEG is not suitable for very small image, Since there an overhead attached (in the form of header information, quantization matrices etc.) with the standard procedure , the compression ration for small sized images in quite small. Instead of JPEG Images can be divided into 8x8 blocks and each block should be DCT encoded separately. Dividing the image into macroblocks can give better motion estimation too.

· Fractal coding , wavelet coding method etc. can be used to give high compression.

Also rigorous tests on Video Conferencing are needed to make the system robust. Tests on inter frame arrival delay are also needed.

The compression techniques that have been used in the audio part have to be tested more rigorously. Other compression techniques like LPC techniques can be tried out. One problem remains here to be solved, that is due to the inter-packet arrival delay. Because of the delay in network, the playback of two simultaneous packets may not always appear to be simultaneous. This may lead to some incoherence in the speech.

More features can be added in Graphics(Canvas) Communication. Additional graphics primitives can be included for drawing. Image server can be enhanced to include transfer Images in other formats too.

The system has been designed to handle each media separately. Another way to solve this problem of allocating bandwidth to different media would have been to dynamically assign bandwidths to them. In the present system, we have separate, independent processes handling each service without any knowledge of other services that are also being transmitted over the channel simultaneously. This can be changed so that instead of all the processes sending data independently to the channel, we have only one process in each computer for sending data. Each multimedia service will be handled by separate, independent processes as before, but instead of sending data directly to the channel , they will pass their data as a transmission request to the process that will ultimately send the data into the channel. This process will dynamically calculate the bandwidth required by each service from the amount of data received from each media and will send packets of different media with a bandwidth for each media that will be proportional to the data-rate required by that media. The allocated bandwidth will be dynamically adjusted according to the changing pattern of transmission request of the media.

Appendix A

OVERVIEW  OF  VC++ 

Windows programming is quite different from conventional text based or Menu Driven programming. Windows programs use a graphical interface to respond to commands from the user. These two basic and important features – a graphical interface and event-driven programming – are what make windows application fundamentally different from conventional programming practice.

Programming in windows is a challenging and enjoyable experience. Windows redefines the very ground rules by which programmers have to play. It obviously takes a little time to re-orient one’s basic approach to programming. But, once the effort to master this transition is put in, the difference is enjoyable.
A.1 
Windows  and  MFC

Windows provides a huge collection of built-in functions, which are collectively called the Application Programming Interface (API). The code for these functions is located within Windows in the form of Dynamic Link Libraries (DLL). In fact, much of the bulk of Windows itself consists of these DLLs. 

The Microsoft Foundation Class (MFC) Library is a collection of C++ classes. It is provided as a Dynamic Link Library (DLL). A DLL consists of executable functions that are loaded into memory and are independent of any other application. The MFC classes have been built using the Windows OS library of functions coded in C. Windows  loads and executes the corresponding code through a mechanism called ‘Dynamic Loading’. All MFC classes are defined in the header file <afxwin.h>. 

In other words, dynamic-link libraries (DLL) are modules that contain functions and data. A DLL is loaded at runtime by its calling modules (.EXE or DLL). When a DLL is loaded, it is mapped into the address space of the calling process. The application programming interface (API) is implemented as a set of dynamic-link libraries, so any process using the Win32 API uses dynamic linking.
      A.2  Messages  and  Events

A central concept of the Windows operating system is the messages and the events. All actions result from the reception of a message or event by the application and corresponding action is taken thereafter. The operating system sends messages to application’s interface elements when an event occurs that affects the application window or the dialog box.

Fundamentally, a message is a structure containing the following data elements.

hwnd : the parent window which receives the message.

message : specifies the message type or the message number.

wParam , lParam : the parameters associated with the message (additional information).

time : time at which the message was generated.

pt : specifies the cursor position in screen co-ordinates where the message was posted.

In MFC programming, the MFC base classes interpret the messages. Furthermore MFC provides a message-map that makes it easy for the application to define functions that only responds to the particular messages user wants his application to catch and respond to. So, basically,  an MFC application has to perform two tasks- create the application’s own main window and perform any initial activities, and then process messages to that window or the application. 

 Applications written for Microsoft Windows are "message driven." In response to events such as mouse clicks, keystrokes, window movements, and so on, Windows sends messages to the proper window. Framework applications process Windows messages like any other application for Windows. But the framework also provides some enhancements that make processing messages easier, more maintainable, and better encapsulated.

A framework application spends most of its time in the Run member function of class CWinApp. After initialization, WinMain calls Run to process the message loop.

Run cycles through a message loop, checking the message queue for available messages. If a message is available, Run dispatches it for action. If no messages are available—often the case—Run calls OnIdle to do any idle-time processing that user or the framework may need done. If there are no messages and no idle processing to do, the application waits until something happens. When the application terminates, Run calls ExitInstance. The figure The Message Loop in OnIdle Member Function shows the sequence of actions in the message loop.

When no Windows messages are being processed, the framework calls the CWinApp member function OnIdle. 

User can override OnIdle to perform background tasks. The default version updates the state of user-interface objects such as toolbar buttons and performs cleanup of temporary objects created by the framework in the course of its operations. Figure 2.1 illustrates how the message loop calls OnIdle when there are no messages in the queue.

Figure A.1
The Message Loop

In MFC, a dedicated handler function processes each separate message. Message-handler functions are member functions of a class. Some kinds of message handlers are also called "command handlers."

Message handler does whatever the user wants to be done in response to the message. ClassWizard can create the handlers for user and allow to implement them. User can jump directly from ClassWizard to the handler function's definition in the source files and fill in the handler's code using the Visual C++ source code editor.
    A.3
VC++

Visual C++  is an industry standard CASE tool for building user-oriented software. The version used in the implementation of this project is VC++ 5.0

Classes in the MFC library make up an ‘application framework’., the framework on which the user builds an application for windows. At a very general level., the framework defines the skeleton of an application and supplies standard user interface implementations that can be placed onto the skeleton. The user’s job is to fill the rest of the skeleton that are specific to the application. AppWizard, the Microsoft resource editors and the ClassWizard are some of the tools within the developer studio that comes in handy while building an application. Project build facilities, an incremental linker, a source code editor, an integrated debugger and an extremely helpful online User’s Guide are some of the features in the developer studio that come as a great utility to the user while making an application.

APPENDIX B

Standard Video Codec Terminology :

1. Prediction Mode : A basic representation model that is selected for use in approximating a picture region  (INTER, INTRA etc.)

2. Block: A rectangular region (normally of size 8x8) in a picture. The discrete cosine transform (DCT) in standard video coders operates on 8x8 block regions.

3. Macroblock: A region of size 16x16 in the luminance picture and the corresponding region of chrominance information (often an 8x8 region ), which is associated with a prediction mode.

4. Motion Vector (MV) : A spatial displacement offset for use in the prediction of an image region. In the INTER prediction mode an MV affects a macroblock region, while in the INTER +4V prediction mode , an individual MV is sent for each of the four 8x8 luminance blocks in the macroblock.

5. Motion Compensation: A decoding process that represents motion in each region of a picture by application of the transmitted MVs to the prior decoded picture.

6. Motion Estimation: An encoding process that selects the motion vectors to be used for motion compensation.

7. Half-pixel motion:  A representation of motion in which an MV may specify prediction from pixel locations that are half-way between the pixel grid locations in the prior picture, thus requiring interpolation to construct the prediction of an image region.

8. Picture-extrapolating MVs: A representation of motion in which an MV may specify prediction from pixel locations that lie partly or entirely outside the boundaries of the prior picture, thus requiring extrapolation of the edge of the picture to construct the prediction of an image region.

9. Overlapped-block motion compensation (OBMC): A representation of motion in which the  MVs that represent the motion in a picture have overlapping areas of influence.

10. INTRA mode: A prediction mode in which the picture content of a macroblock region is represented as a copy of the macroblock in the same location in a previously decoded picture.

11. SKIP mode: A prediction mode in which the picture content of a macroblock region is represented as a copy of the macroblock in the same location in a previously decoded picture.

12. INTER mode: A prediction mode in which the picture content of a macroblock region is represented as the sum of a motion compensated prediction using a motion vector, plus (optionally) a decoded residual difference signal representation.

13. INTER +4V mode: A prediction mode in which the picture content of a macroblock region is represented as in the INTER mode, but using four motion vectors (one for each 8x8 block in a macroblock).

14. INTER +Q mode: A prediction mode in which the picture content of a macroblock region is represented as in the INTER mode, and a change is indicated for the inverse quantization scaling of the decoded residual signal representation.

APPENDIX C

Distortion Measures


The perceived distortion in visual content is a very difficult quantity to measure, as the characteristics of human visual system are complex and not well understood . This problem is aggravated in video coding , because the addition of the temporal domain relative to still-picture coding further complicates the issue. In practice highly imperfect distortion models such as sum of squared differences (SSD) or its equivalents, known as mean squared error (MSE) or peak signal-to-noise ratio (PSNR) are used in most actual comparisons.

1. Sum of Squared Difference: SSD is defined as

Where F and G are two array arguments (such as luminance arrays of the actual and approximated pictures).

2. Mean Squared error: MSE is defined as

where F and G are two array arguments.

3. Peak signal-to-noise ratio : PSNR is defined as 

4.
Sum of Absolute differences: SAD too is common distortion measure. (easy to compute)





APPENDIX D

MICROSOFT COM INTERFACE AND MICROSOFT DIRECTX SDK.

D.1
Microsoft COM: COM or Component Object Modeling is a binary standard specified by Microsoft. A component is a reusable piece of software in binary form that can be plugged into other components from other vendors with relatively little effort. For example, a component might be a spelling checker sold by one vendor that can be plugged into several different word processing applications from multiple vendors. It might be a math engine optimized for computing fractals.. Software components must adhere to a binary external standard, but their internal implementation is completely unconstrained. They can be built using procedural languages as well as object-oriented languages and frameworks, although the latter provide many advantages in the component software world.
The Component Object Model is an object-based programming model designed to promote software interoperability; that is, to allow two or more applications or “components” to easily cooperate with one another, even if they were written by different vendors at different times, in different programming languages, or if they are running on different machines running different operating systems. To support its interoperability features, COM defines and implements mechanisms that allow applications to connect to each other as software objects.  A software object is a collection of related function (or intelligence) and the function’s (or intelligence’s) associated state. 
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Figure D.1 : Once COM connects client and object, the client and object communicate directly without added overhead.

In other words, COM provides the operations through which a client of some service can connect to multiple providers of that service in a polymorphic fashion. But once a connection is established, COM drops out of the picture. COM serves to connect a client and an object, but once that connection is established, the client and object communicate directly without having to suffer overhead of being forced through a central piece of API code as illustrated in Figure D-1. 

Because COM is a binary standard, it is language independent. It can be implemented using any language that supports tables of function pointers. 

A COM interface is a collection of logically related methods that express a single functionality. For example, the IAsyncReader interface enables reading of MEDIATYPE_Stream data. All COM interfaces derive from IUnknown, and all are named by a globally unique interface identifier (IID). 

All access to a COM object is through pointers to its interfaces. Interface methods are purely virtual and are stored in a table called a vtable. The interface pointer points to the vtable's beginning. A COM interface defines the parameter types and the syntax for each of its methods. The COM class provides an implementation for each method of the interface. When an instance of an object is created , the call returns a pointer to one of the object's interfaces. Using initial  pointer to an interface on the object, one can use the IUnknown::QueryInterface method to find out whether the object supports another specific interface, and, if so, to get a pointer to that interface. 

IUnknown is the basic COM interface on which all others are based. IUnknown has three methods—QueryInterface,  AddRef, and Release—that implement interface querying and reference counting. All COM interfaces inherit these three methods from IUnknown. 

Reference counting is the technique by which an object (or, strictly, an interface) decides when it is no longer being used and can therefore destroy itself. COM objects are dynamically allocated from within the object and multiple clients can use them simultaneously. To avoid wasting memory, the COM object must keep track of the number of clients using it, and destroy itself when clients no longer need it. The number of clients using the object is maintained in the reference count. Every time a new interface pointer to the COM object is created, the client using the object must increase the reference count by calling AddRef on the interface pointer. Every time a client destroys an interface pointer to the object, it must first decrease the reference count by calling Release on the interface pointer. 

For general information about COM, see the "COM" section in the Microsoft Platform SDK, or an introductory book such as ActiveX OLE by David Chappell. 

D2.
Microsoft DirectX SDK:  DirectX SDK is the software development kit provided by Microsoft, for development of Multimedia applications. It consists of four basic components.

· Direct Show: Capture Multimedia streams from devices (such as Audio or Video) form local files or the internet.
· DirectX Transform: Creates generic data transformation objects that apply space and time effects to DirectDraw, Direct3D and DirectSound objects.
· Direct Animation: Integrate different media types, animate media and interact with user events, for web contents and stand alone applications.
· Direct 3D: Create a 3D graphics environment on PC and manipulate in real time
For developing ‘Capture’ application we used DirectShow SDK. It provides the basic interfaces and objects required to capture any multimedia stream

DirectShow SDK BASICS : The Microsoft DirectShow SDK gives developers access to DirectShow services, which provide playback multimedia streams from local files or Internet servers, and capture of multimedia streams from devices. Specifically, this enables playback of video and audio content compressed in various formats, including MPEG, audio-video interleaved (AVI), and WAV, and both Video for Windows-based capture and WDM-based (Windows Driver Model) capture. 

At the heart of the DirectShow services is a modular system of pluggable components called filters, arranged in a configuration called a filter graph. A component called the filter graph manager oversees the connection of these filters and controls the stream's data flow. 

Applications control the filter graph's activities by communicating with the filter graph manager. One can do this indirectly by using the Media Player Control, or directly by calling COM interface methods. The SDK also enables creation of filters using the DirectShow class library. The base classes in the C/C++ library implement the required COM interfaces on the filters and provide the basic filter framework. So to create Media capturing application Filter Graphs are needed. 

· FILTER :
A filter is a COM object that supports DirectShow interfaces or base classes. It might operate on streams of data in a variety of ways, such as reading, copying, modifying, or writing the data to a file. Sources, transform filters, and renderers are all particular types of filters. A filter contains pins that it uses to connect to other filters. 

· FILTER GRAPH:   A collection of filters. Typically, a filter graph contains filters that are connected to perform a particular operation, such as playing back a media file, or capturing video from a VCR to the hard disk. 

· FILTER GRAPH MANAGER:   A component that oversees the connection of filters in a filter graph, and controls the media stream's data flow. Filters must be connected in the proper order, and the data stream must be started and stopped in the proper order. The filter graph manager does this, and can also search for a set of filters that will render a particular media type and build its filter graph. When an application starts, pauses, or stops the media stream, plays for a particular duration or seeks to a particular point in the stream, the filter graph manager calls the appropriate methods on the filters to implement this stream control.



Fig. D-2.1 :  A Sample Filter Graph, Capable of  rendering an audio-video interleaved (AVI) file.
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2.2.1 System Model





Fig 2.2  Block Diagram of the System
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Fig 2.1  Block Diagram of the System Architecture
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1  See Appendix C for details on Distortion measures.


� For details on Image Server see chapter 5, Image Communication





1
69

_987689832.unknown

_987690027.unknown

_987793225.doc






Entropy Coder







Quantization







 Image Data















Inverse Quantization







Inverse DCT











DCT







Compressed Data







8X8 Block







Entropy Decoder












_987689554.unknown

_987689498.unknown

