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discrete values every two minutes, a Cubic Spline inter-
polation routine was used. Ten minute weight loss was
interpolated between twenty minute measurements using the
same routine. Weight loss rates were computed by numeri-
cal differentiation of the weight loss values. The in-
creased "resolution" in weight loss values assists the
parameter optimization process.

Parameter optimization was performed using a Taylor Series
expansion and matrix manipulation described by Draper and
Smith (1966). The residuals are calculated from the
difference between actual weight loss data and predicted
weight loss rates. The partial derivative matrix of each
parameter at each data point enables the magnitude and
direction of the changes to the parameter estimates, which
will reduce the residual sum of sguares, to be determined.
The combined simulation and parameter optimization rcutine
allows for optimization to be performed on a dynamically
changing, highly non-linear system.

Unfortunately simultaneous optimization of all parameters
was not possible for two reasons. Firstly, the simulation
tended to become unstable when intermediate estimates of
parameters resulted in a deviation from the route towards
a global minimum, to that of a local minimum. Secondly,
the combination of the BASIC language and the computer
used resulted in a minimum time of convergence for each
parameter of approximately twenty minutes. The parameter
optimization exercise described in the paragraph above did
however indicate that the gain on the sweat rate drive
block (h) in Equation (5.5) had to be increased from 1,47
x 1074 kg/sec m? (+16 g/min) to 2,6 x 1074 kg/sec m? (28
g/min) as was anticipated in Section 5.2.1.

Optimization of only the time constant and gain of the
sweat gland fatigue block and the time constant of the
wettedness effect block resulted in good agreement between
measured and predicted response on the three experimental
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days chosen. Results of the optimization exercise are

shown in Figures 5.17, 5.18 and 5.19. Table 5.1 lists the

environmental conditions, work rates and parameter
estimates for these three days. Unfortunately, the

evaporation measurement on the second day was erroneous

and was therefore omitted from the plot.

Table 5.1 VALUES OF PARAMETERS ESTIMATED FOR

THREE SAMPLE DAYS

Day 1 Day 2 Day 3
Tan (°C) 33 37 21
Tan 14C) 31 35 19
v  (m/s) 58 1,2 R
M (W/m?) 254 54 236
Sweat Gland Fatigue Parameters
Cn(0,0) 2,9%1075 3,6x1075 2,5x1074
Cq(0,0) 1,6x1074 1,5x1074 1,7x1074
7 (mins) 104,2 alll 98,0
d.c. gain 0,18 0,24 1,5
Skin Wettedness Effect Parameters
Cp(2,0)=Cq4(2,0) 4,1x1074 1,2x1074 4,7x10~4
T (mins) 40,7 13,9 35,5
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CHAPTER 6

CONCLUSIQONS

The important facts arising from the study may be summarized in
terms of the two major sections of this dissertation, namely the
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literature review and the modelling exercises.

6ad The Literature Review

The literature review was undertaken with the specific
aims of firstly determining whether existing models could
be used as a means of predicting the rectal temperature
response of men exposed to heat stress, and secondly
identifying specific areas of the model requiring
investigation. The conclusions reached are:

Models of human thermoregulation can be broken down
into two parts, th. acvive Or controlling system and

the passive Or contra. ied 3ystem.

2. Models ." the passive syster have advanced much
furtaer tnan those of the ar~iive system. Both steady-
state and : "ansient temperatu:e yprofiles within the
passive s, :tem can be calculated from a given set of
bounaary «aondit ons.,

3. The active vyston, narticularly the heat loss mechan-
isms, have not been leccribed in torms of all the
physiological and physical variables which effect
them.,

4. Empirical eguations have been used to describe instant-
aneous relationships between dynamic variables without
considering the nature of the dynamic response.
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