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Abstract. The main characteristics of the developed experimental image management system are presented in the paper. The system features a functional DICOM environment that includes distributed image archive and a platform independent and user-friendly interface for manipulating the data stored in the databases. The system offers authorised user access to information stored in the image databases. User accesses the system using a WWW-based interface that enables search and retrieval of images from the database. The WWW-based approach provides platform independent mechanism for client-server communication with medical image archives. Our software enables visualisation of the images retrieved from the databases and implements some image processing routines for the medical images that were taken using different medical imaging modalities. The software is implemented combining PHP scripting language, which is embedded in HTML and provides easy database management, and Java, for image processing functions. Image archive server is based on CTN implementation of DICOM standard.

1. Introduction 

Image management systems stand for wide variety of networks, and include features such as transferring, archiving, retrieving and viewing medical images and manipulating associated information. Most of them are based on DICOM standard [1], which is a world wide accepted standard for medical imaging, and those systems are shown to be a very important part of today’s radiological information systems (RIS).  

The idea of this work was to implement an experimental medical image archive compatible with DICOM standard and provide all the necessary manipulation such as transferring, archiving, retrieving and visualisation of the medical images. Such an image archive can then be used as a part of a RIS. The first step was to create and define DICOM compatible environment, which will be able to transfer and store medical images in the image database. The second step was to develop a user interface, which will provide the functions for manipulation of data stored in databases and viewing the images of different modalities. In order to make a fully functional image management system we have also implemented some frequently used image processing functions. All the images used in this work were downloaded from the RSNA ftp server, and they all are in the public domain. 

The paper is organised as follows. An introduction to the DICOM standard is provided in Section 2. The developed image management system is presented in Section 3.  The WWW-based user-interface is presented in Section 4. 

2. DICOM standard

  It is important to address some of the basic concepts of DICOM standard, in order to fully understand the advantages of today's implementations of it. DICOM 3.0 differs from previous versions by accepting the object oriented design and giving support for standard network protocols like OSI and TCP/IP. By using this type of approach it is possible to describe not only the information but also the actions to be taken within the object. According to this, the standard defines services such as "store image" or "get patient information", and the combination of information object and the set of associated services is called service-object pair (SOP) class, and it represents the basic element used in the standard. A device may, for a particular SOP class serve one of two roles: in the class provider (SCP) role, the device provides the services of the SOP class, or in the service class user (SCU) role, uses the services. The standard is structured as a multi-part document and available for purchasing [2]. 

There are many implementations of the standard in the world, and for our need we have used Central Test Node (CTN) software, created and designed in the Electronic Radiology Laboratory at Mallinckrodt Institute of Radiology [3]. 

3. Image Management System Configuration

This section describes the configuration of developed image management system. In our work we have developed a simple DICOM compatible system using CTN software. The structure is shown in Figure 1.
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Figure 1. The structure of the developed image management system.

The first computer is representing DICOM server for receiving and storing images, and WWW server for the clients accessing image databases. We have used a PC and Linux Red Hat 5.2. operating system as the platform and to provide those functions we have used CTN software in connection with miniSQL database system [4]. We have implemented short and long term image archives, and various SOP classes that DICOM supports, and by that realised a set of different functionalities of image management systems. 

The second computer is representing an SCU for transferring images. It is thought and therefore so configured to act as an imaging modality and its task is to send requests to the SCP for transferring and storing images. For this purpose we have used a SUN workstation running under Solaris 2.6. operating system.

Different clients are able to access the data stored in the databases and view the images. The idea is to make these clients completely platform independent, and for achieving this it was necessary to design a user-friendly interface that will meet these requirements. In order to be able to access the data stored in the image databases, first a user must be authorised within the system. For our purposes we have configured the authorisation on the WWW server level, by which one can not use the interface without user-id and password. 

Our system is providing the functions of transferring, storing and retrieving of medical images and associated data, defined by DICOM. All the required information (image modality, patient's name and ID, referring physician's name etc.) that describes the particular image is stored and therefore transferred within the image. When archiving a particular image, that information is extracted from the image itself, and stored in different tables in the image database. In that way the information can be easily retrieved by using the user interface. 

4. WWW-based image management user interface 

We have developed a user interface that consists of two major parts:

· First part responsible for accessing the data stored in the image databases, retrieving and visualisation of  medical images

· Second part, for providing image processing functions. 

The software does not allow entering of any kind of data into the database, because the image database has to be protected from unauthorised users. CTN software is configured to control what applications have permissions to write information into the databases. 

The basic idea for designing a WWW-based user interface was to make it completely platform independent. In order to meet that requirement, we have used PHP for database management, and Java for image processing. PHP is a server-side HTML embedded scripting language and its main goal is to allow developers to write dynamically generated pages quickly [5]. The basic feature is the simplicity of manipulation of different databases. The procedure goes as follow: the user can access the image databases using a simple web browser, and that is the only requirement from the user’s point of view. After that a user is able to retrieve the information stored in the image databases just by selecting the appropriate patient’s data from the pull-down menus (see Figure 2). As the result the output is all the relevant information about the selected patient that are found in the image database and the images that are related to the selected patient’s ID. 

After retrieving the desired information for a particular patient, the user is able to choose the images he or she wants to see, as shown in the Figure 2. To achieve platform independence the idea is to use a CGI script that controls a dynamic conversion of the image from DICOM to a one-banded 16-bit depth PNG image format. PNG (Portable Network Graphics) is a lossless browser compatible image format. PNG image format is capable of storing some textual data within the image, and therefore the information about the image is also encoded in the destination image. As the result the user is able to visualise the image using only the web browser. The obtained PNG image now represents the input for the image processing tool. It is important to stress that the conversion itself does not effect the quality of the image that depends only on the quality of the medical image modality by which the image was taken.
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Figure 2. Image Database Access Tool.

For implementation of image processing functions and to keep platform independence we have decided to use Java [6]. We have designed a Java applet that features image processing often used by radiologists. By using different image processing algorithms we were able to implement sharpening, control of image brightness, zooming, contrast stretching and positive/negative of the image, which are among the most important image processing functions that radiologists use. The software works within a browser and offers a user interactive processing of the patient's image (see Figure 3). The developed applet requires Java SDK 2.0 or greater, Java plug-in 1.2 and Java Advanced Imaging API, which can be downloaded free of charge from [8],[9],[10], respectively.

5. Conclusion

We have developed an experimental image archive based on CTN as one implementation of DICOM, which is able to provide basic functions for transferring and archiving medical images and associated information. Also, by taking the advantage of PHP's and Java main features we were able to develop a simple but fully functional and completely platform independent user-friendly interface that requires the use of a web browser only. 

Our future goal is to further develop WWW image management and processing tool, by adding some other features and implementing different processing routines that are of radiologists' interest. Also, for a real clinical use we would have to consider some other security issues like configuring a firewall between our LAN and the Internet, that would ensure a high level of security in work. 
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Figure 3. WWW based image processing tool. (Image shown here in black and white.)
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