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Introduction

Currently, for predicting the physiological response of the human body the indices of thermal stress and
physiological models are widely used. These models and indices can, for example, predict the risk of human
exposure to the extreme conditions, further define the time limit for staying in these conditions, or to
propose preventive measures during using protective clothing, etc. However, the variability of human body
reaction to the same thermal stress is a general problem of physiological models’ prediction. Most of these
models were primarily created for an average person, which can be an issue for prediction of the
physiological behaviour of people who do not meet a definition of a typical person. For this reason,
approximately since the 1990s, scientists have been studying individualization of the physiological models. A
lot of authors published articles in this context, for example, Havenith (1), Zhang et al. (2), van Marken-
Lichtenbelt et al. (3), Takada et al. (4), Zhou et al. (5) etc. Most articles are focused on improving the passive
system of the models by incorporation equations for calculation individual anthropometric data (for example
weight, height etc.) of each individual person. Moreover, some articles incorporate improved equations in
the active system due to individualization, for example, the sweat rate, physical fitness, etc.

This article is focused on the individualization of the Fiala-based human thermophysiological model, called
FMTK (6), which was created in our department. This article is a demonstration of the ongoing study, for this
reason, there are published only preliminary results in this paper.

Methods

As mentioned above this article is focused on FMTK model (6), which was validated for ambient temperature
from 5 °C to 48 °C and metabolic rates from 0.8 met to 9 met. Simultaneously the model was applicated for
prediction of human thermal stress in protective clothing, where the error of prediction of the mean skin
temperature was 0.78 °C, the error of rectal temperature 0.2 °C and mean error of prediction of the local
temperatures was 1.25 °C.

There was created “Bodybuilder” in this study, which allows generating individual input data for FMTK model
(mass, skin area, height and body fat), and then the sensitivity study for four different people, see

Table 1, was realized. The height of the person is connected with skin area according to the relation of Du Bois
(7), i.e. skin area 1.86 m? corresponds with the height of 171.6 cm.

In this study, there was monitored mean skin temperature Ty and temperature of hypothalamus Ty,. The
scenario of thermal load for Klimatex underwear clothing in the temperature range from 23 °C to 30 °C
published in (6) was selected for the benchmark test. The person was exposed to variating and repeating
metabolic activity 1-3.2 met (10 min — 20 min), see Figure 1. Detailed study setting is described in (6).

Table 1. Individual characteristics of four different people

Type Mass [kg]| Skinarea [m?]| Body fat [%]
Averaged person 73.5 1.86 14.4
Thin person 68.4 1.78 14
Fat person 86.3 2.04 26.7
Thin muscular person 69.3 1.78 9.4

Results and discussion
The graphs in Figure 1 represent results for selected case Klimatex 30 °C. The results show the influence of
the individualized model on the prediction of the mean skin temperature and temperature of the
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hypothalamus. It is possible to see, that fat person in comparison for example to thin muscular person is
prone to overheating (see the higher temperature of the hypothalamus), it is caused by the higher percent
of body fat, which acts as insulation.

However, the differences between the prediction of the temperatures for individual settings are not
significant, because the scenario is simulated for warm conditions and the higher skin blood flows offset
the resistance offered by peripheral adipose tissue, unlike the cold conditions where the core temperature
is significantly affected by the amount of body fatness (8).
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Figure 1. a) Mean skin temperature for Klimatex 30 °C, b) Temperature of hypothalamus for Klimatex 30 °C

Conclusions

This article shows the preliminary results of the ongoing study related to the individualization of FMTK
model. In the first step, some anthropometric characteristics of person were individualized by the created
module called “Bodybuilder”. Results show, that upgraded model reacts to individualized inputs, see Figure
1. The study will continue by improving the “Bodybuilder” and incorporation of individual characteristics
into the active system of FMTK model.
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