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We provide a framework of fuzzy decision-support system for evaluation of joint effect of hy-
perthermia and radiation in tumour therapy. For the first time we outline a basic model
where the problem of hyperthermia efficiency enhancement due to action of ionizing radiation
and heat on the tumour is reduced to two factors fusion. Two methods of data fusion are pro-
posed for further investigation.
The use of hyperthermia as an adjuvant to radiation in the treatment of local and regional dis-
ease currently offers the most significant advantages [1]. For processing of information of
thermo radiotherapy efficiency, it is expedient to use the fuzzy logic based decision-support
system -fuzzy system (FS). FSs are widely used in various application areas of control and
decision-making [2]. Their popularity is due to the following reasons. Firstly, FS with trian-
gular membership functions is universal approximator. Secondly, the designing of FS does
not need the exact model of the process, but needs only qualitative linguistic dependences
between the parameters. Thirdly, there are many program and hardware realizations of FS
with very high speed of calculations. Fourthly, accuracy of the decisions received based on
FS, usually is not worse and sometimes is better, than accuracy of the decisions received by
traditional methods. Moreover, dependence between input and output variables can be easily
expressed in linguistic scales.
Fig. 1 describes simplified diagram illustrating the interplay between heat dose, radiation dose
and the appreciated biological effect (cell surviving fraction).
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Fig. 1. Simplified diagram illustrating the interplay between heat dose, radiation dose and the appreciated bio-
logical effect

The goal of this research is to choose the data fusion RULE'S operators suitable to experimen-
tal results and taking into consideration uncertainty factor. Methods of aggregation and data
fusion might be used which provide a methodology to extract comprehensible rules from data.
Several data fusion algorithms have been developed and applied, individually and in combi-
nation, providing users with various levels of informational detail. In reviewing these emerg-
ing technology three basic categories (levels) of data fusion has been developed. These fusion
levels are differentiated according to the amount of information they provide.

'""We suggest the taxonomy of data fusion algorithms. Five general, goal-oriented, data fusion
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methods are in use today (ten discrete data fusion techniques can be identified within these
five general categories) - Level i. I. Data association (1. Figure of merit, 2. Gating technique),
II. Effect estimation (3. Kalman filters); Level 2: III. Identity fusion (4. Bayesian decision
theory, 5. Dempster-Shafer evidentional reasoning), IV. Pattern recognition (6. Adaptive neu-
ral networks, 7. Cluster methods) and Level 3: V. Artificial intelligence (8. Expert systems, 9.
Blackboard architecture and 10. Fuzzy logic).
This paper focuses on the acquisition of high-level information, i.e. information that is related
to many conventional physical quantities in a non-analytical way. In these complex cases,
fuzzy production systems and fuzzy neural networks are more effective and they compute and
report linguistic assessments of numerically acquired values. Two methods of data fusion are
proposed to realize the aggregation from basic measurements. The first one performs a com-
bination of the relevant features by means of a rule-based description of the relations between
them. With the second, the aggregation is realized through an interpolation mechanism that
creates a fuzzy partition of the numeric multi-dimensional space of the basic features. This
partition might be realized with fuzzy neural networks. These methods were applied to design
the FS computing of treatment effect deduced from the ionizing radiation and hyperthermia.
The first method based on direct designing of FS. The FS consists of inference engine, knowl-
edge base, fuzzification and defuzzification blocks. For the left part of figure 1 (RULES 1 and
2) it is expedient to use as input variables temperature and time. For the output is used cell
surviving fraction. For the right part of figure 1 (RULES 3 and 4) it is expedient to use as
input variables radiation dose, dose rate, radiation quality (linear energy transfer) and number
of dose fraction. It is expedient to take into account biologic system or endpoint for all
RULES. Forming input variables for RULE 5 it is expedient to take into account what type of
heat plus radiation treatment is used: simultaneous or consecutive. Time-dependent parame-
ters of treatment should be taken into account.
At the first stage, we were focused on the use of the first method based on the production
fuzzy system. For test calculations fuzzy model of thermo-radiotherapy efficiency were
formed. We used an experimental data illustrating the interplay between heat dose, radiation
dose and cell surviving fraction for mammalian cells in culture (Chinese hamster CHO line)
[1]. Experts were formed the RULE 1 in the base of these data. An example of RULE 1 was
the next: IF temperature LESS-MIDDLE AND time RATHER SMALL THEN cell-surviving
fraction IS MIDDLE.
In some cases, construction of rules of fuzzy production is impossible or is connected to seri-
ous difficulties of conceptual character. For the decision of this problem, it is possible to use
neural networks. Construction and adjustment of neural networks is carried out by means of
their training based on the available information.
At the second stage, we use experimental patterns [1] and neural-fuzzy network ANFIS type
to create rules. An example of RULE 1 in this case was the next: IF temperature IS LOW
AND time IS SMALL THEN cell-surviving fraction IS 0.99. This value well corresponds to
the experimental data [1].
At the following stage, it is necessary to develop the described models and make further ex-
perimental researches of combining of heat and radiation for data acquisition, which will al-
low filling base of rules (the rule 5). Based on development of the described system it is pos-
sible to forecast of action of heat and radiation for tumour, support of decision-making of
treatment and management of process of treatment.
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