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Abstract. The main characteristics of the developed experimental picture archiving and communication system (PACS) are presented in the paper. The goal was to develop a functional DICOM image archive and a platform independent and user-friendly interface for manipulating the data stored in PACS databases and enable visualisation of the medical images that were taken using different medical imaging modalities. The system allows 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. The software is implemented in PHP scripting language, which is embedded in HTML.  Image archive server is based on CTN implementation of DICOM standard.

1. INTRODUCTION

The evolution of new modern imaging modalities, in which computed  tomography 

(CT) had the biggest impact, followed by the rapid development of computer technology has introduced many new features in the communication networks used in medical facilities.  In order to meet the need of different manufacturers to define the set of methods for interconnection of devices on standard networks, the American College of Radiology (ACR) and the National Electrical Manufacturers Association (NEMA) have developed a standard [1]. The latest version is called DICOM 3.0 (Digital Imaging and Communication in Medicine), and it represents the healthy ground for developers to ensure all the qualities that the standard offers.  The final goal is to have advanced systems for transferring, archiving and retrieving of medical images and associated data that will improve diagnostics and the quality of work in general. 

The idea of this work was to implement an experimental medical image archive compatible with DICOM standard. Such an image archive can then be used as a part of a radiological information system (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. 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 organized as follows. An introduction to the DICOM standard is provided in Section 2. The developed PACS 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 relies on explicit and detailed models of how the "things" (patients, images, reports, etc.) involved in radiology operations are described and how they are related. This approach differs from previous versions and, in order to provide the support for connecting more different devices from various manufacturers on standard networks, it is closely connected with network protocols like OSI and TCP/IP. This way of developing data structures based on models and analysis of abstracted version of real entities used in these models is object-oriented design. 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. Radiological PACS

This section is describing the main characteristics of the developed Picture Archiving and Communication System (PACS). PACS can be based on wide variety of networks, and includes features such as transferring, archiving, retrieving and viewing medical images and manipulating associated information. In our work we have designed a simple PACS using CTN software. The structure of the developed PACS is shown in Figure 1.
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Figure 1. The structure of the developed PACS.

The first computer is representing SCP for receiving and storing images. 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 various SOP classes that  DICOM  supports, and by that realised a set of different functionalities of PACS. 

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 database 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. 

Our PACS 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. 

The functional block diagram of the developed PACS system is shown in Figure 2.
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Figure 2. The functional PACS block diagram.

4. WWW-based PACS user interface 

In order to be able to manipulate the data stored in the PACS database and, as the final step to enable visualisation of images, we have designed a simple user interface whose main purpose is to allow physicians to access the databases and find images of the particular patients. 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. For that purpose we have used PHP,  which 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. By entering the required information in the form, as shown in Figure 3, the user sends data to the PHP script that completes the given task by retrieving the desired information from the database. 
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Figure 3. The input form.

After retrieving the desired information for a particular patient, the user is given an option to view one image at the time. To achieve platform independence requirement the idea is to use a CGI script that controls a dynamic conversion of the image from DICOM to PNG format, in order to make it browser compatible. As the result the user is able to visualise the image using only the web browser (see Figure 4). 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 4. Visualization of a color DICOM image from within a WWW browser. (Image shown here in black and white.)

5. CONCLUSION

We have developed an experimental PACS based on DICOM, which is able to provide basic functions for transferring and archiving medical images and associated information. It has been shown that CTN as one implementation of DICOM is perfectly capable of enabling those functions. Also, by taking the advantage of PHP's main features we were able to develop a simple platform independent user-friendly interface. 

The current experimental implementation of the image archive is not in everyday clinical use, so at this moment we have not considered security issues and user authorization. Right now no authentication is required when a user wants to retrieve the information stored in the image databases.  There are a lot of possibilities for increasing the level of security, and the idea is to implement the necessary authentication functions within the user-interface, and after that to configure a firewall between our LAN and the Internet, in order to control the access from around the world. In addition to network configurations and firewalls it is possible to use several techniques to increase security including password-based user authentication, text encryption techniques, and group privileges. So the next step to be taken is to expand the possibilities of the user-interface, first the security of images stored in databases and the possibility of administrating image databases using this software.
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