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Abstract: A new ambient temperature controlling 
method was introduced to the measurement system 
of thermal property of the skin.  This system was 
constructed with a infrared thermography camera, a 
hood to control ambient temperature, capacitor 
charge/discharge unit and a PC to control IR camera 
and hood (ambient) temperature.  The hood 
temperature raised abruptly by the discharge 
current to the heaters which were set in the hood and 
kept for 20 s.  The skin thermal inertia, which shows 
high correlation with blood flow, was calculated with 
the slope of the temperature change of the skin after 
increase of the ambient radiation temperature.  In 
the previous system, the hood was constructed with 4 
heaters connected parallelly to a bridge circuit and 
their combined resistance was kept constant so that 
their temperature was kept constant.  However, the 
temperature of each heater showed drift even though 
their combined resistance was constant.  It was 
revealed that such drift can cause under estimation 
of thermal inertia.  Thermal inertia of skin was 
slightly different between previous systems and this 
seems to be caused by above mentioned under 
estimation. A new system where each heater was 
controlled separately was constructed and the 
temperature of the heaters did not drift.   
 
Introduction 
 

Infrared thermography gives the information of the 
blood circulation as well as the distribution of skin 
surface temperature[1-3]. However, rather time-
consuming procedures such as exposure to low 
temperature are often required to obtain circulation data.  
We have been developing a system where the ambient 
temperature is controlled and the emissivity of the 
subject, emissivity-corrected temperature and thermal 
inertia are obtained simultaneously[4-7].  For thermal 
inertia showed strong correlation with skin blood flow, 
thus our system provides distribution of skin circulation 
within 20-30 sec [8, 9]. 

In our system, ambient radiation temperature 
increases from TaL to TaH within very short time (Fig. 1. 
vertical arrow) and then keep constant. The apparent 

radiation temperature (readings of thermography Tr) of 
the subject increases abruptly from TrL to TrH because of 
the reflection of the ambient radiation.  Thus the 
following equation is obtained: 
 

W(TrL) = (1 - e)W(TaL) + e W(Ts) (1) 
W(TrH) = (1 - e)W(TaH) + e W(Ts) (2) 
 

where W(T) is the amount of radiation energy from a 
black body with a temperature T to the IR camera.  Ts 
and e are the temperature of the subject and its 
emissivity, respectively.  Thus emissivity and Ts can be 
obtained from TrL, TrH, TaL and TaH. Tr increases 
gradually since the Ts  increased with the ambient 
radiation.  The slope of the Tr against the square root of 
the time after change in ambient radiation (Fig. 1) and 
determined by the energy of ambient radiation and 
thermal inertia (square root of the of the product of 
thermal conductivity, density and specific heat of the 

The abrupt cha

subject) [10, 11].  

nge of 
the

Figure 1: Schematic view of change in apparent
radiation temperature of the subject. 

 ambient radiation 
temperature was realized 
with a hood with heaters 
on the inner surface 
attached to the infrared 
camera and the discharge 
of the large capacitors 
that enabled rapid 
increase of ambient 
radiation (Fig. 2).   

Figure 2: Schematic drawing 
of the system  
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 The heaters were set in a bridge circuit and the 
tem

 the resistance 
(an
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aterials and Methods 

The basic structure of the system was similar to the 
pre

(Th

f elder persons (71-89 years old).  
Eac

 

5 shows a typical time course of the 
mperature of this new hood.  The temperature of the 

hoo

e of the thermal properties 
of the skin. 

mal inertia of the inner forearm of elder 
per ns are shown in table 1. with the values of 

Figure 5: Time course of the temperature of the
heaters of the new s

perature of the heater was controlled by keeping the 
resistance of the heater constant.  In the previous system, 
four heaters were connected in parallel, thus their 
combined resistance was kept constant.   

In this system, it was inevitable that
d then the temperature) of each heater showed drift 

even when their overall composite resistance was kept 
constant (Fig 3 right).   

In this study, 1) we considered whether such drift 
ects the measurement and 2) developed a new hood 

temperature control system to avoid this drift. 
 
M
 

vious system shown in Fig. 2.  A new hood and 
control system was developed.  The shape of the hood 
was similar to the previous system:  The hood had 
pyramidal shape.  Four trapezoid (shorter side: 75 mm, 
longer side: 240 mm, height: 355 mm) heaters were 
attached to the inner surface of the hood (Fig. 4).  Each 
heater was connected to separate capacitor discharge 
unit, thus four capacitor discharge units were 
simultaneously controlled the temperature of the heaters.  
The capacitor discharge units were charged with a 
voltage of 450-500 V.  Charge and discharge of the 
capacitor as well as temperature keeping were 
controlled by a PC 

The time course

ermotracer TH7102MX, NEC San-ei Instruments, 
Co. Ltd. Tokyo, Japan) and the data were recorded by a 
PC via IEEE 1394. 

This system was applied to measurement of skin 
thermal properties o

h of the elderly was informed about this study and 
measurement of the thermal properties of the inner 
forearm was carried out under observation of a nurse.  
The same IR camera as used in measurement of hood 
temperature was used and the data were recorded by a 
same PC as hood temperature controlling PC via IEEE 
1394.   
 
Results
 

Figure 
te

d increased about 40 oC within 0.2 s and kept almost 
constant without any drift.  The temperature of the 4 
heaters were almost the same. 

Figure 3 left: Temperature distribution of the hood of 

ystem. 

Figure 6 shows an exampl

Figure 4: Hood for ambient temperature controlling.
a: The hood attached to the thermography camera. 
b: Inner surface of the hood.  Arrows indicate the
reference plates for calibration of ambient radiation
temperature. 

Figure 6: An example of skin thermal prperties of
inner forearm. 

previous system.  Right: Time course of temperature 
drift of the hood 

 
The ther

 of the temperature of the heaters 
were measured by a infrared thermography camera 

so
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 pre

Ta e 1. Thermal inertia obtained by using changes in 
the ambient radiation temperature 

 
 

 Huang [9] 1541 +/- 177.8 

bjects 
7 subjects* 501 +/- 195 

                                .

vious studies.  Three of the old persons showed 
extraordinarily small value (< 1000) of thermal inertia.  
Therefore the average of the others is also shown in 
table 1 (*). 

 
 

bl

  Hassan [8] 1410 +/- 148 
  
  This study:  
        all 10 su 1244 +/- 417 
        selected 1
.                                                          

tr all values of 

iscussion 

ift of the hood temperature 

s with a same 
roperties to simplify.  Consider the resistance and 

tem

    

h heater can drift satisfying the equation (3).  When 
T  

 (Ti - T*) (4) 

wh
heater 1 is higher than T* (i.e. T  > T*), according to 

(5) 

indicates that the increment of the radiation energy of 
the

Fig

 

he study by Hassan and Togawa [8] based on the 
n the other hand, study of 

Hu g and Togawa [9] based on a different system with 
two

 average was caused by three 
sub

It was demonstrated that the temperature of heaters 
 drift and such drift of the hood 

mperature can cause under estimation of thermal 
ine

 

s supported in part by Japan Science 
oration (Cultivation Program B 

(Modeling of Innovative Research Results)) to Marine 
Mi

] ABBOT N. C., BECK J. S., HARRISON D. K., WILSON 
93): 'Dynamic Thermographic Imaging for 

Estimation of Regional Perfusion in the Tuberculin 

[2] 

[3] R A., SCHILK I., LUCKE C., 
SCHMIDT J. A. (1998): 'Infrared thermography in 

*: Three subjects with ex aordinarily sm
thermal inertia (<1000) were omitted. 
 
 
D
 
  Effect of dr
 

Consider a hood with two heater
p

perature of the heaters to be R1 and R2, T1 and T2, 
respectively.  When the resistance of a heater at the 
temperature T* is R* and the two heaters are connected 
in parallel as in the previous system, the combined 
resistance were controlled to fill the following equation:  

 
1/R1  + 1/R2 = 2/R* (3) 

Therefore, the resistance and thus the temperature of 
eac

i - T* (i = 1 or i = 2) is small, Ri can be described by 
this equation: 

 
Ri = R* + a
 
ere a is constant (a > 0).  When the temperature of This study wa

1
equation (4), R1 > R*.  Then R2 is determined by the 
equation (3) and R1 - R* > R2 - R*.  Therefore,  

 
T1 - T* > T2 - T* 
 
Since the radiation energy is proportional to T4, (5) 

 heater 1 is larger than the decrement of the heater 2.   
This discussion indicates that if the temperature of 

the parallel-connected heaters shows drift as shown in 
. 3, the ambient radiation temperature becomes 

larger and larger and thus the temperature of the subject 
increase more rapidly.  There fore, this increment of the 
radiation energy derives under estimation of the thermal 
inertia. 

  Values of thermal inertia 
 
T

previous heaters (Fig. 3).  O
an
 hoods with different temperatures.  This Huang's 

system provided change of ambient radiation 
temperature by switching them.  Thus drift of the hood 
temperature could not occur in the study of Huang and 
Togawa [9].  Thermal inertia of Hassan and Togawa [8] 
was slightly smaller (1410 W s2/1/m2 K) than Huang and 
Togawa [9] (1541 W s2/1/m2 K).  This seems to support 
the above discussion. 

Values of the thermal inertia obtained in this study 
(1244 W s2/1/m2 K) was smaller than previous two 
studies.  This small

jects with very small thermal inertia (<1000 W 
s2/1/m2 K).  Average of the other subjects' thermal inertia 
(1501 W s2/1/m2 K) was similar to Huang and Togawa 
[9] (1541 W s2/1/m2 K).  Both Hassan and Togawa [8] 
and Huang and Togawa [9] measured skin thermal 
property of young subjects whereas this study was on 
elder subjects.  Thermal inertia of skin correlates with 
skin blood circulation [5, 8, 9] and kin blood circulation 
should change by age or other physical condition.  
Therefore further investigation with more subjects is 
required to discuss more among the difference of this 
study and previous studies. 
 
Conclusions 
 

connected in parallel can
te

rtia.  This prediction was consistent with the 
difference of thermal inertia in previous studies ([8, 9]). 

A new system with separate controlled heaters was 
constructed.  This system did not show temperature drift 
and enabled precise measurement of thermal inertia. 
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