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Abstract

BTHERM, the Bath THERMal imaging system, is a comparatively low cost PC based computer system for the acquisition and analysis of medical images from the AGEMA 780 series of infrared cameras via a dedicated frame grabber device. Using a PCI bus standard industrial frame grabber it can also connect to modern cameras with standardised PAL or NTSC outputs. The system can import images produced by other IR systems and export in a variety of standardised image formats such as JPG, BMP and GIF.

Its functionality includes tools for statistical analysis, isotherm generation, noise reduction, colour scale manipulation and cold stress test analysis.

1 Introduction

Images in medical thermology are usually processed using propriety software designed by manufactures or distributors of image processing equipment. Naturally this has led to a large variety of image file formats, data exchange protocols, and image processing routines. The medical thermology community has now realised for some time the increasing need for standardisation and open systems [1] in order to exploit the full potential of computer networks for communications and data exchange with colleagues
. Infrared equipment manufacturers have already responded to this need for open systems by fitting their devices with interfaces providing standard video signals such as PAL or NTSC which in turn can be evaluated using industry standard video acquisition modules within standard personal computers. 

This new infrared equipment, however, is expensive and many practitioners of medical thermology still have old camera systems in perfect working condition at their disposal. One of this systems is the AGEMA 780 series of infrared imagers. While the cameras themselves are still good and reliable sources of infrared images, the associated computer hardware and software are outdated causing a variety of problems in terms of maintenance, running costs and compatibility with other systems.

We have designed a low cost system out of standard industry components that is capable of acquiring images from the AGEMA 780 series of imagers while simultaneously being able to accommodate many of the new camera systems that may be used in the future. On the software side this system supports existing standards for data storage and exchange and is flexible enough to accommodate the standards and codes of good practice currently emerging in the field of medical thermology.
2 Hardware Design

Figure 1 shows the modular structure of the hardware components. The system works with either or both image acquisition modules. An acquisition module for cameras with digital output is in preparation.


Figure 1: The modular image acquisition concept

The system uses a personal computer as a platform for its operation. PC’s are and, for a considerable amount of time, will be the de-facto hardware standard in computing. This enables the use of a large variety of modules for the acquisition of  images. Using a PC also provides access to the wide range of hardware for networking and data exchange.

The system runs on processors from 486 at 66 MHz upwards. A 2GB hard disk drives allows the storage of approximately 30,000 images at medium resolution (256x256 pixels) and associated data. Assuming that the system will acquire 1500 images each year it will take 20 years to exhaust the storage space. 

Out of the more than 200 frame grabber cards available we selected a FlashPoint PCI
 frame grabber card, which accepts a wide range of video signals (PAL and NTSC in RGB, composite, and S-video mode) from virtually any of the new IR cameras on the market provided these cameras are capable to produce a grey level video output. 

In order to integrate the existing AGEMA 780 camera system we designed a specialised frame grabber module. The AGEMA camera produces extremely unusual video and synchronisation signals with high voltage levels, an extraordinary 4:1 image frame interlacing operation at 100¼ lines per frame and a slow frame transfer rate. Since the very few multipurpose commercial frame grabber cards available on the market are very expensive we decided to design our own dedicated module for the AGEMA camera [2].

For printouts we are currently using a Hewlett  Packard DeskJet 870Cxi colour printer but other printers may also be used.

3 Software Design

Wherever possible the software aims to adhere to the following design considerations:

Data Storage and exchange. More than 20 formats for image data storage are currently in use. The ones most frequently used are commonly identified by their three letter file extension BMP, TGA, GIF, and JPG
 respectively. Data associated with thermological images, such as patient details and histograms are best stored in ASCII
 code, one of the oldest data codes in computing. All current software packages for data analysis are capable of importing and exporting data in ASCII.

Standards, Procedures and Codes of Practice of Medical Thermology. It is recognised that thermological images should always include a colour scale and the respective temperature range. This is necessary since colour palettes are by no means standardised leaving the exact colour scheme and the spacing of the colours to the taste and judgement of the user. The programme should also incorporate the usual statistical analysis tools for selected regions of interest for the generation of histograms [3] and thermological indices.

The cold stress test is a frequently used examination process in medical thermology and special provisions should be made to accommodate its evaluation.

De-facto User Interface Standards. Computer users wish to avoid the use of cryptic command line codes, they expect a graphic user interface (GUI) to be supplied with virtual buttons on the monitor, and to operate the programme using a mouse. Any printouts from the programme should be printed precisely the way they are pre-viewed on the monitor (WYSIWYG, What You See Is What You Get).

Figure 2 shows the main screen of the programme. The screen is divided into 3 areas with distinct functionality: 

The largest part of the screen is occupied by the display field with the colour scale at its base. The current zoom setting selected by the zoom radio buttons cause it to shows 4 display pads. The display pad in the lower left corner is surrounded by a (yellow) border indicating that it has been activated for editing by clicking with the mouse cursor arrow onto it. The mouse cursor always displays the temperature of the feature under the tip of the arrow, in this case the temperature of the right thumb.

The upper right part of the screen shows a number of function, tool and radio buttons for the user to select.

The lower right part of the screen displays the data associated with the image in the currently activated display pad.

The programme provides 4 tool buttons which allow the user to add features to the currently activated image. They are used to generate isotherms (shown in the image in the lower left corner of figure 2) and to add some text lines. It is possible to define up to four statistics fields (the lower right image) for the calculation of histograms and thermolocical indices [5][6]. Finally it is possible to draw cross-sections, which are temperature profiles along a straight line (shown in the upper left image). 

All these additions to the images are automatically stored in a separate data file associated with the image in the moment they are generated. They do not change the original image itself. 
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Figure 2: The main screen of the BTHERM programme

A bar of seven function buttons allow the user access to general functions such as clearing an image pad, printing the content of the display field including its patient data and additions defined using the tool buttons. New images may be captured and stored from the AGEMA camera via its dedicated frame grabber or from any other IR camera with PAL or NTSC output. Images may be acquired as 'single shots' or in a timed series at low (128x128 pixels), medium (256x256 pixels) or high (512x512 pixels) resolution. The maximum speed of image acquisition depends on the camera: An AGEMA 780 image can be stored every 0.5 seconds, images acquired via the PCI frame grabber every 0.1 seconds (at medium resolution).

The ‘File’ button is used to load stored images using an image search facility shown in figure 3. It also opens access to the file export function of the programme.

Clicking on the ‘Gradient’ button will start a sequence of events necessary to generate results and printouts of a stress test shown in figure 4. Four regions of interest, two for each hand are generated, and a subtraction expresses the gradient or difference for each hand before and after cold stress [6]. 
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Fig. 4: Result of a cold stress test
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Fig. 3: File load, export and search
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Fig. 5: Colour scale manipulation
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Fig. 6: Statistical evaluations
The colour scale may be manipulated by the user to suit his special requirements. The user may select amongst pre-defined palettes or alternatively design some of his own in order to satisfy special requirements. Figure 5 shows the colour scale manipulation dialog box which allows certain regions of the colour scale to be highlighted using selected colours. The colour scale may be continuous or stepped in intervals. 

Selection of a temperature range finally allows selected temperature intervals of images to be 'stretched out' over the entire colour scale in order to amplify minute temperature differences within that selected interval.

Statistical evaluations are possible for 4 distinct area of each images. These areas may be free-hand drawings or freely designed rectangles or ellipses. In figure 6 the free draw area no.3 is highlighted and its histogram and statistical properties are shown underneath the image. The graph shows the highest, lowest and mean temperature within the area, standard deviation and thermological indices are also displayed. 

A special feature which is accessible with the 'Background' button provides a tool for the elimination of the image background from the statistical calculations. In figure 6 this area is shown hatched. After background elimination it is no longer necessary to draw around the contours of a limb with great precision. This saves a lot of effort and provides more accurate results.

4 Summary and Outlook

The BTHERM programme is a future proof application that still maintains its link with the past. The package meets a large range of general requirements with some specialised features tailored towards the needs of the medical community. Due to its open structure it can export images and results to specialised applications such as word processors and spreadsheet packages.

The programme is currently designed for the DOS operating system but it can run under Windows. It is planned to transfer it to the Windows environment at some later point in order to further enhance its openness and data exchange capabilities. This would also simplify the incorporation of new printers and frame grabber modules. The authors would welcome any suggestions and questions. A demonstration version of the programme is available on request.
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�  Information on the proposed standard for medical thermology is available on the Internet under http://biomed.poli-sci.saitama-u.ac.jp/bmth/


�  Manufacturer: Integral Technologies, USA





�  BMP:  MS Windows or OS/2 BitMaP (not identical). 1,4,8 and 24 bits per pixel. Type 1: uncompressed. Type 2: run-length encoded.


   TGA: Truevision TarGA, a popular standard in industrial image inspection, 16 or 24 bits per pixel encoding for colour images, uncompressed.


   GIF: Graphics Interchange Format, used by CompuServe and other Internet providers. Compressed.


   JPG: format of the Joint Photographers Expert Group, very fast and efficient compression, no patent protection, royalty free.





� ASCII: American Standard Code for Information Interchange





