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Abstract

New application of computer thermography in medicine for pneumonia monitoring is presented. Advanced image processing is applied for supporting in medical diagnostics. System presented in this paper allow capturing thermal and visual images in parallel, in real-time into the operational memory in the computer. New software dedicated for 3-D operations allows mixing thermal and optical images, reconstructing 3-D scene for measuring a distance and to correct directional emissivity. The software is Win’95 ® and WinNT® compatible.

1. Introduction

In the last decade, growing interest of new application of thermography in medicine is observed. To ensure easy, fast and correct interpretation if thermograms new hardware and software tool should be use. In this paper we propose PCI hardware interface that allows to capture and process images in real-time. The multichannel system is recommended for thermal and visual image processing in parallel. The system is flexible and allows extracting one channel for radiological images only. New image processing methods are implemented, especially for adjusting, mixing and comparison images from different sources. We emphasize new advanced operations such as: plane-to-plane transformation, which allows collecting fragmented objects, 3-D operations, directional emissivity correction, etc. In this work we present an application of the system for pneumonia monitoring. Histogram equalisation and stretching are the most useful functions for interactive image processing. Additionally, contour extraction from video image and mixing with the thermal one seems to be very effective for fast localising of hot spots.

In various computer applications in medicine, the thermography becomes more and more important. Most systems for image processing deal with single-type images, and eventual comparison and correlation with other reference data is performed off-line, after the diagnosis.

In this paper we underline the medical applications, and especially:

· Contrast equalisation for radiological images to reduce different examination conditions

· Histogram stretching and binarisation to indicate precisely the inflamed areas

· Precise area measurement on thermal and radiological images

· The application of the new system in pneumonia monitoring
2. Thermal, Visual and Radiological Image Processing

Software for processing thermal and video images and their sequences was written in Delphi and C++ language as a 32-bit application. It is Win’95® and WinNT® compatible. This software is dedicated for thermal, visual and radiological image processing in parallel. There are various functions available to measure temperature precisely and easily. Some of them are listed below in Table 1. 

Another function of the software makes possible to overlay visual and thermal images. The assumption of such superimposing is that the thermal and visual images are projected on the same or parallel planes. If so, we can easily wrap, shift and mix two images. 

It simplifies or in certain cases allows localising the hot spots precisely. Two images (thermal and optical) allow to use a common cursor, indicating a certain point on CCD one, and read temperature on the thermal one. The very useful function is introduced, especially for “cool stress “method. The cooled down hand is overlapped with contours obtained from the visual image. In this approach the operator can determine the border of the area which is investigated.

All images, both thermal and visual ones can appear on the screen in so-called life-mode. The throughput of the entire system is enough to display them in real-time, to adjust distance, focus, brightness, contrast, etc. There are typical operations are implemented on thermal and video images. Histogram equalisation and stretching, low and high‑pass filtering, contours extraction, zooming are the most useful. The part of the software for thermal image processing contains the following functions: calibrated temperature measurement, thermal cross-sections, emissivity correction, histograms, overlapping thermal and video images, setting reference points, etc.

One of the very advanced functions gives the ability of directional emissivity correction. This algorithm uses full information about 3D shape of the object observed computed on the base of pictures taken from 2 or more CCD cameras [1-2]. It allows computing the distance between camera and the object in order to measure temperature more precisely. 

Some photogrammetry algorithms are implemented as well. A transformation of a surface in a central projection is one of the most useful. It allows collecting fragmented objects by taking into account the angle of viewing. Geometrically transformed images are easy to stick together and measure the real parameters of an object, e.g. an area, distance, etc. 

3. Medical Applications

Thermal, visual and radiological image processing in parallel brings many advantages. As shown in Fig. 1, there is a visible correlation between thermal and radiological images during pneumonia inflammation. The hot spots indicate the initial state of pneumonia. The investigation seems to be very practical, while the thermography is much less invasive and stressful for human body. Changing histograms for different stages of inflammation can be very useful for the treatment (Fig.2). One of the most helpful functions is on-line interactive histogram processing, together with binarisation (Fig.3). The result of histogram stretching shown in Fig. 3 depends on the case of inflammation, and therefore the system proposed is fully interactive. The operator is the only one who can adjust the margins for the histogram, as well as the threshold level for binarisation. The procedure of image processing consists of two steps. At first, histogram equalizing performs contrast enhancement. Then histogram stretching together with binarisation makes it possible to find a border of the inflamed area. The similar processing can be performed for thermal images, which can hopefully replace radiological inspection by a thermal one in the future. Such investigations are very preliminary ones, and should be confirmed by more cases, and not only for pneumonia inflammation. The first trials are very promising. We believe that thermoregulation of the human body will not reduce thermal effects on the skin significantly, caused by internal temperature increase. 

4. Conclusions

The system for thermal, visual and radiological image processing is presented. It can work in different modes, capturing images in real-time, frame-by-frame, or storing a sequence of images with defined interval between the following images. The software for the interface supports Win’95® and WinNT® compatibility. The presented system is actually in use and recommended for highly advanced thermal and visual images processing, e.g. 3-D photogrametry reconstruction, noise cancelling, image superimposing, etc.
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Fig.1. Comparison of inflammation area in thermal and radiological images,


 initial phase of pneumonia (top), after 14 days (bottom)
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Fig. 2.  Different histograms during pneumonia treatment, initial phase of pneumonia (up),after 14 days (bottom), original images (left), after contrast enhancement, histogram normalisation (right)
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Fig. 3. Advantage of histogram stretching and binarisation,


initial phase of pneumonia (up), after 14 days (bottom)
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