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1 Introduction 
In European countries, 30% of final energy use 

goes towards comfort control in buildings - 

heating, ventilation and air conditioning. An 

action to improve this large energy consumption 

is pressing due to the long lifespans of buildings 

and more effective and cheaper improvements 

made at design-time than retrofits. On the other 

hand, the indoor environment can have a 

significant impact on comfort, health, and 

overall sense of well-being since population in 

economically developed countries spend over 

80% of their time indoors. Using a variety of 

comprehensive simulation tools, such as human 

thermoregulation models, computational models 

of thermal environment, and clothing models, at 

the design stage is the most effective way to 

satisfy demands of energy-efficiency and 

thermal comfort simultaneously. However, the 

broader acceptance of human thermo-

physiological simulation is limited by the scarce 

public domain resources and availability of 

validation data supporting such tools.  

In this study, a systematic approach to the 

validation of thermo-physiology models and 

adaptive manikins was developed. This 

methodology was used to evaluate a thermo-

physiology model, i.e., FPCm by Fiala and 

Havenith (2016) with particular focus on indoor 

situations.  

2 Materials/Methods 
A database of comprehensive detailed 

experimental human datasets collected during 

European COST730 project, years of research at 

Empa and from the published literature was 

compiled (Psikuta et al. 2012). Further this 

database was extended in follow up and 

collaborative studies (e.g. Martinez et al. 2016) 

to finally include 87 exposures all together 

involving 502 human subjects (460 males and 

42 females). This database covers a wide range 

of environmental conditions and activity levels 

and almost all experiments represented mild to 

strong transient conditions (82 out of 87 

exposures). The distribution of the exposures in 

the database in relation to the ambient 

temperature and the metabolic rate is plotted in 

Figure 1. However, in this study we focused on 

exposures related to indoor situations. 

Furthermore, we proposed a systematic 

approach to the validation of thermo-physiology 

models and adaptive manikins. This approach is 

based on selection of human experiments 

representing groups with increasing complexity 

of exposure, such as basic exposures (steady-

state and transient environmental conditions 

with low activity level and no clothing, group 

1), active exposures (various activity levels and 

environmental conditions with no clothing, 

group 2), and complete exposures (including 
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clothing under spatial and temporal transient 

conditions, group 3).  

 

 
Figure 1. Distribution of exposures in the 

database in relation to ambient temperature, 

metabolic rate, and stability of conditions during 

the exposure. 

 

Group 1 aims at validation of the passive and 

active system of the model under simplest 

exposure conditions, for which generally the 

best described physiological data is available. In 

these exposures, there is no volitional muscle 

activity (the reclining or sitting body posture 

results in relaxed skeletal muscles), the blood 

flow is regulated purely by the vasomotion 

effects (vasodilation and vasoconstriction) 

related to the body temperatures. Exposures of 

this group are the most relevant for the indoor 

environment. In Group 3 the response to 

spatially heterogeneous environmental 

conditions due to partial coverage of the body 

by clothing with various properties (e.g. with 

heterogeneous insulation when wearing different 

number of layers at different body parts) is 

validated. Since the thermoregulation models 

usually include simplified clothing models, the 

result of this part of validation represents usually 

the lowest quality amongst the three exposure 

groups. 

 

3 Results and Discussion 
The root-mean-square deviation for the mean 

skin and rectal temperatures approximated 

0.59°C and 0.26°C, respectively, for selected 

exposures from groups 1 and 3 related to indoor 

conditions. An exemplary exposure with 

experimental and simulation data is depicted in 

Figure 2.  

 
Figure 2. Mean skin and rectal temperatures 

comparison between experimental and simulated 

data for an exemplary moderate transient 

exposureof sendentary semi-nude subjects 

(Munir et al. 2009). 

 

4 Conclusions 
The model showed a very good performance in 

simulating the overall human thermo-

physiological response for both steady-state and 

transient conditions related to indoor situations. 

In addition, a database of available human 

subject data as a possible public domain 

resource was developed to provide a foundation 

for new and support for on-going studies on the 

validation and comparison of physiological 

models and adaptive manikins. 

 

5 References  
Fiala D. and G. Havenith, 2016. Modelling Human 

Heat Transfer and Temperature Regulation, in 

The Mechanobiology and Mechanophysiology of 

Military-Related Injuries, A. Gefen and Y. 

Epstein, Editors. Springer International 

Publishing: Cham. p. 265-302. 

Martínez, N., A. Psikuta, K. Kuklane, J.J.P. Quesada, 

R.M. de Anda, P.P. Soriano, R.S. Palmer et al. 

2016. Validation of the thermophysiological 

model by Fiala for prediction of local skin 

temperatures. International Journal of 

Biometeorology, 60:p. 1969-1982. 

Munir, A., S. Takada, and T. Matsushita, 2009. Re-

evaluation of Stolwijk's 25-node human thermal 

model under thermal-transient conditions: 

Prediction of skin temperature in low-activity 

conditions. Building and Environment, 44(9): p. 

1777-1787. 

Psikuta, A., D. Fiala, G. Laschewski, G. Jendritzky, 

M. Richards, K. Błażejczyk, I. Mekjavič, H. 

Rintamäki, R. de Dear, G. Havenith 2012. 

Validation of the Fiala multi-node 

thermophysiological model for UTCI 

application. International Journal of 

Biometeorology, 56(3): p. 443-460. 

Po
br

an
o 

z 
ht

tp
://

re
po

.p
w

.e
du

.p
l /

 D
ow

nl
oa

de
d 

fr
om

 R
ep

os
ito

ry
 o

f W
ar

sa
w

 U
ni

ve
rs

ity
 o

f T
ec

hn
ol

og
y 

20
23

-0
5-

24


