System and software for thermal image screening in medicine
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Abstract

This paper presents a novel method for the medical screening of the skin pathology such as melanoma, tumors,
different inflammations, psoriasis as well as breast cancers. Our approach uses 3-layer Pennes thermal model of a skin
including the perfusion in the frequency domain. It simplifies the mathematical calculations of the model and even makes
it analytical. The model is tuned by the measured data captured using the thermal camera. Application of the optimization
procedure allows the estimation of thermal parameter for each layer. The parameters of the skin is then used for
classification of the different tissue’s states. System and software are presented as a novel tool which can support
medical screening using thermovision camera.

1. Introduction

Thermovision cameras are not often used as a standard equipment in medicine, rather for some experiments
and research. The advantage of using thermovision is that this method is contactless, non-invasive and cheap. The aim
of our research is to show that some illnesses, especially the skin pathologies can distinguish using thermovision not
only qualitatively as it takes place very often but also quantitatively using the real values of tissue’s. Such approach will
be more objective. Due to this fact the thermal model of human skin was developed and implemented in software which
is presented in this paper.

The thermal modeling of the tissue differs from heat transfer in solids and fluids. One has to consider the
perfusion and blood flow. The tissue is a hon-homogenous, anisotropic medium. It causes the difficulties in solving the
model given by the set of differential equations. The attempt of including the perfusion in thermal modeling was
presented by Pennes in 1948 [1,6,9,10]. Chen-Holmes (1980) proposed the modeling the heat transfer in a tissue as in
the porous material [2]. They divided a tissue into 2 parts: solid-like and fluid-like ones. They introduced the blood (fluid)
velocity to model and the additional heat transfer due to the blood movement. They proposed a simple way to split the
model into solid and fluid parts using the partitioning factor. The main problem in this approach is to define the velocity of
blood and the partitioning factor. Weinbaum-Jiji-Lemons proposed a model including the heat transfer between a tissue,
arteries and veins [3,4]. There are many numerical model today for heat transfer in the tissue, but they need to be
calibrated with the measuring data, as they use many parameters with explicitly unknown values [6,11].

In this research we use the Pennes model for 3-layer skin tissue structure. In this way we take into account the
important parameter of the tissue — the perfusion.

2. Medical screening using IR thermography and inverse thermal modeling

The protocol of medical screening and processing the data starts with the image acquisition from thermovision
camera after cold stress — Fig.1. Then the movement correction has to be applied to the sequence of thermal images [8].
Next, the approximation for smoothing and noise reduction is applied. It is done by the combination of exponential and
error functions. Next step of the proposed method is the comparing the experimental data with the results obtained from
the model. The optimization procedure is applied in order to get the values of tissue parameters. The assumption and
scientific hypothesis are that the physiological and pathological tissues have the different values of thermal parameters
and perfusion rates.

We propose to use thermal cold provocation to stimulate the transient thermal process in the skin. For such a
case, it is easy to define the thermal model in frequency domain for each layer and solved in the analytical way. In order
to get a temperature for 3-layer structure, the set of linear equation with continuity conditions at the interfaces, both for
the temperature and heat fluxes, have to be solved. Next, one compares the temperature in frequency domain calculated
by the model and measured by the thermal camera (after Fourier transform) — Fig. 2. The values of the thermal
parameters for each layer are used for the classification of healthy and unhealthy cases using e.g. the neural networks.

The thermal model of the skin takes a form (1).

dT d’T
C'E=ﬂ“'dxz +W'cb'pb(TB_T)+Qmet+Qex 1)

where: Qp — heat corresponding to blood perfusion, Qm — heat corresponding to metabolism and Qex — external heat.
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Fig 1. Block scheme of thermovision screening Fig 2. 3-layer thermal model of the human tissue
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Fig. 3. 1-D 3-layers model of human tissue

3. Software for the medical screening

In this research, a new software for thermal image analysis for medical applications was developed. This
program can be useful in dynamic thermal investigations in medicine. Thermal model of human skin is implemented in
order to classify human tissue for healthy and unhealthy ones. The transient and frequency analysis is included in the
software. For practical screening protocol, we are using the cold provocation. The example for breast cancer screening
is presented in Fig. 3 [7].
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Fig. 3. Example of sequence of thermal images after cold stress provocation using cold gel [7]

Different types of cooling methods were tested in our system: cooling by gel (Fig. 3), compressed air (Fig. 4)
and metal blocks (Fig. 5). In this paper preliminary results for patient with psoriasis are presented. Our approach
assumes that the healthy and unhealthy skin was compared for the same or opposite part of the body. Because the
psoriasis are spread over the body it is hard to cool down two regions of interest equally using cooling gel or compressed
air. For such cases the cooling was done using the metal blocks (Fig. 5,6,10).
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lfig. 5. The sequence of thermal images during and after cooling using metal blocks

At first, the sequence of thermal images is registered after the thermal provocation. Next the movement
correction is applied. This is very important in the measurement of a patient’'s skin temperature, as the recording lasts
several minutes sometimes. All movements like heart beating or breathing disturb the measurement. The movement
correction is based on cross-correlation method [8]. In order to improve tracking the region of interest, some
characteristic points have to be defined on the skin. Figure 6 shows two regions of interest (ROIs) (healthy and
unhealthy) of patient’s skin with psoriasis cooled down by the metal blocks and aluminum foil placed in between ROIs.
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Fig. 6. Screen of the module for movement correction

The program allows to define manually the image part (mask) which is correlated with every next image in the
sequence. The constrains of region where the motion is corrected can be specified in details in order to speed up the
operation of the program. In this module motion correction of two ROIs marked in the image is possible. There is also the
possibility of viewing the process of the movement correction for every few frames. When the correction stops, the data
is written to the Excel® format file. The operator can apply the correction for all pixels on the thermal image.

Next module implemented in the software is time (Fig. 7) and frequency analysis and approximation the
temperature evolution in time. The temperature surplus above the ambient (AT) is approximated by the exponential and
error functions. Such approximation gives the good results and can be easily transformed into the frequency domain.
The curves of temperature in frequency domain are represented by the Nyquist plot given by eqgn. (2).
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Then the optimization is performed using the fminsearch function in Matlab® which uses the Nelder-Mead
simplex method. This is the multidimensional unconstrained nonlinear minimization, and using patternsearch function, in
which we can set up the limits of the parameters manually. If the function cannot be fitted automatically because of e.g.
the noise, there is possible to find parameters of the model manually finding appropriate values of A, B, wq,m1.
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Fig. 7. Screen of the module for curve fitting in time domain

The optimization procedure in frequency domain is main part of the software. The thermal parameters of skin
are estimated in order to fit the temperature curves from the model and measurement. The operator can choose the set
of parameters for tuning. Few methods of optimization are implemented in this software — pattern search method,
genetic algorithm, constrained nonlinear optimization and the Nelder-Mead simplex method. Figure 8 presents a screen
of two function: one got from the model for the values of parameters from the literature, second — the example of function
after approximation of the measured data for patient with psoriasis.
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Fig. 8. Screen of the program for manual curve
fitting in frequency domain

Fig. 9. Main window of the program with fitted Nyquist
plots

The result of fitting the Nyquist plots of temperature for the model and thermographic measurement is presented
in Fig. 9. It has to be pointed out that using such optimization the depth of penetration of heat inside the body can also
be estimated. It can be seen that it is rather difficult to fit the Nyquist plots for the very low frequencies. The best fitting is
always for higher frequency range. It is because of the depth of the heat penetration in the tissue. The model has a
limited depth, and the low frequency part of Nyquist plot corresponds to the deeper parts of the tissue.



4. Preliminary results

Few patient with psoriasis was examined in order to check if the illnesses tissue gives different thermal
response then healthy one. Measurement was done using the metal blocks. Both blocks were put on the skin for 10
seconds in the same moment. Then the sequence of images was registered for 6 minutes using Cedip Titanium InSB
640x512 MWIR thermovision camera which can record images at high frame rate. After that the curve of temperature vs.
time was extracted for two chosen areas.

Fig. 1. stem of thermovision measurement in hospital and metal blocks using for cooling the skin

Table 1 shows the result of fitting in frequency domain, both for healthy and unhealthy parts of the skin.

Table 1. Values of the fit function for examined patients

A o B w1
healthy unhealthy healthy unhealthy healthy unhealthy healthy unhealthy
Patient 1 1,5349 0,9241 0,25587 0,35328 3,0457 2,4792 0,021913 0,014551
Patient 2 1,7508 0,82935 0,31961 0,49474 4,9875 4,8438 0,022066 0,021875
Patient 3 1,0576 1,7579 0,063837 0,26663 4,3701 3,055 0,075433 0,0023438
Patient 4 1,0823 1,035 0,027692 0,34837 5,4975 4,2493 0,028668 0,022676
Patient 5 1,6851 2,3336 0,018442 0,21059 3,8919 4,7295 0,027292 0,0074936
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Fig. 11. Value of wo for healthy and unhealthy skin for Fig. 12. Value of w; for healthy and unhealthy skin for each
each patient patient



The first results shows that wo have higher values for unhealthy tissue while the value of w, has higher value for
healthy tissue. It means that unhealthy tissue reacts faster than the healthy one. It is due to the higher perfusion the skin
with the high inflammation caused by the psoriasis.

5. Conclusions

Developed system and software can be easily used in medicine to support the diagnosis using standard
method. Thermovision as a noninvasive and relatively cheap method of measurement can be using in the hospitals. First
study is promising and shows that thermal parameters and perfusion rate is different for healthy and unhealthy parts of
the skin and agree with the data published in the literature. There is an idea to use this approach to estimate the stage
of different skin diseases, e.g. psoriasis. This system can be also used in other diseases of the skin. There is a
hypothesis that this approach can be also helpful in skin cancer screening, especially to distinguish the benign and
malignant melanoma.
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