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Summary 

 
Within the framework of work package 3 of the Heat Shield project, we developed a humanoid thermal 
robot/manikin (Heat Shield Manikin). The Manikin is constructed of aluminium and comprises 19 
segments. Each segment contains a network of temperature sensors and heaters, all connected to the 
control unit. The unique feature of the manikin is that it comprises an inner core compartment and an outer 
shell (skin), with the latter mimicking the heat loss from the skin surface of humans. Both regions (core 
and shell) are instrumented with temperature sensors. Temperature information from the core and shell 
regions are conveyed to the control unit, and are considered inputs to the developed neurophysiological 
model of thermal comfort. The model converts the temperature information from each segment into 
simulated neural-coded information emanating from both cold and warm sensors. The simulated neural-
coded information accounts for both the static and dynamic activity of the cutaneous and core, cold and 
warm sensors. The neurophysiological model integrates the neural-coded temperature information from 
the cold and warm sensors according to the theory of Reciprocal Cross Inibition (RCI), which suggests 
that there is a cross inhibition of the thermal information being conveyed from cold and warm sensors to 
the central nervous system. The region of overlap and equal activity of the cold and warm sensors is 
suggested to be the neural correlate of the thermal comfort zone.  
 
The derived neural drive from the cold and warm sensors is then integrated using the superposition 
theorem according to the Mekjavic-Morrison model, to obtain the total neural drive. Using data from human 
experiments we developed the final algorithm for thermal comfort based on the neurophysiology of thermal 
reception. This model was incorporated into the control unit of the Manikin. As a consequence, based on 
the core and shell temperature, the Manikin can provide ratings of thermal comfort in steady state and 
transient temperature ambient conditions.  
 
The Manikin was exposed to similar temperature transients in a climatic chamber as human subjects. 
Comparison of the skin temperature response observed in humans is comparable to the shell temperature 
response observed in the Manikin. The neurophysiological responses derived with the neurophysiological 
model established a thermal comfort zone in the same temperature range as observed in human trials.  
 
The Manikin can be clothed in the same apparel as workers in a manufacturing plant, and positioned in 
close proximity to work stations. In this manner, it can provide feedback regarding the thermal comfort of 
the worker population under the prevailing conditions within the factory.  During hot weather conditions, 
this information can provide feedback to the workers and management, promoting timely implementation 
of appropriate cooling strategies.  
 
  


