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Abstract: This paper introduces about temperature determination for given dot of picture through 
image analysis. Heat transfer is the transition of thermal energy from a heated item to a cooler item. 
Main method of measurement of temperature in image is Pattern Matching, color scale detection and 
model detection. We can measure temperature dependency at time for selected point of thermo vision 
images. This measurement gives idea about the heat transfer at time dependences. 
Copyright © 2009 IFSA. 
 
Keywords: Thermal analysis, Pattern matching, LabVIEW 
 
 
 
1. Heat Transfer Physical Problems 
 
Heat transfers in a subject are defined as the movement of energy due to a difference in temperature. 
When an object or fluid is at a different temperature than its surroundings or another object, transfer of 
thermal energy, also known as heat transfer, or heat exchange, occurs in such a way that the body and 
the surroundings reach thermal equilibrium [1]. It is known the following three physical mechanisms, 
all of which the heat transfer executes: 
 
 
1.1. Conduction 
 
Heat conduction takes place through different mechanisms in different media. Theoretically it takes 
place in a gas, in a fluid and in metals. A typical property for heat conduction is that the heat flux is 
proportional to the temperature gradient. 
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1.2. Convection 
 
Heat convection takes place through the net displacement of a fluid, which transports the heat content 
in a fluid through the fluid’s own velocity. The term convection is also used for the heat dissipation 
from a solid surface to a fluid, where the heat transfer coefficient and the temperature difference across 
a fictive film describe the flux. 
 
 
1.3. Radiation 
 
Heat transfer by radiation takes place through the transport of photons, which solid surfaces can absorb 
or reflect. There is surface-to-surface radiation, which accounts for shadowing and diffuse reflections 
between radiating surfaces. There is also surface-to-ambient radiation where the ambient surroundings 
are treated as a black body with known temperature. 
 
 
1.4. Heat Equation 
 
The fundamental law describing all heat transfer is the first law of thermodynamics. This is the basic 
principle of conservation of energy. However, internal energy is a rather inconvenient quantity to 
measure. 
 
Therefore, the basic law is usually rewritten in terms of temperature, T: 
 
 

( ) ( ) ( )p
p

T T pC . T . . p Q
t t t

rr t
r

∂ ∂ ∂⎛ ⎞ ⎛ ⎞+ ∇ = − ∇ + − + ∇ +⎜ ⎟ ⎜ ⎟∂ ∂ ∂⎝ ⎠ ⎝ ⎠
u q : S u

 
 
where: 
ρ  - density (kg/m3), 
Cp  - specific heat capacity at constant pressure (J/(kg·K)), 
T  - absolute temperature (K), 
u  - velocity vector (m/s), 
q  - heat flux by conduction (W/m2), 
p  - pressure (Pa), 
τ  - viscous stress tensor (Pa), 
S  - strain rate tensor (1/s): 
 
 ( )( )1

2
T= ∇ + ∇S u u

 
 
Q  - contains heat sources other than viscous heating (W/m3). 
 
The fundamental law uses Fourier’s law of conduction: 
 
 

i
i

Tq k
x
∂

= −
∂ , 

 
which states that the conductive heat flux, q, is proportional to the temperature gradient; 
k  - thermal conductivity (W/(m·K)). 
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In a solid, the thermal conductivity can be different in different directions. Then k becomes a tensor. 
For 3D: 
 
 

xx xy xz

yx yy yz

zx zy zz

k k k
k k k k

k k k

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦ . 

 
The heat equation accepts two basic types of boundary conditions: 
• specified temperature; 
• specified heat flux. 
 
The former conditions are of Dirichlet types and prescribe the temperature at a boundary: 
T = T0, 
 
T0 -boundary Temperature, or specifies the inward heat flux: n.q = q0, where 
q  is the total heat flux vector (W/m2); 
n  is the normal vector of the boundary; 
q0  is the inward heat flux (W/m2), normal to the boundary. 
 
 
2. Pattern Matching 
 
Pattern matching quickly locates regions of a grayscale image that match a known reference pattern, 
also referred to as a model or template. When using pattern matching, we must create a template that 
represents the object for which we are searching. Application then searches for instances of the 
template in each acquired image, calculating a score for each match. This score relates how closely the 
template resembles the located matches [2]. 
 
Pattern matching finds template matches regardless of lighting variation, blur, noise, and geometric 
transformations such as shifting, rotation, or scaling of the template. These algorithms are some of the 
most important functions in machine vision because of their use in varying applications. 
 
Pattern matching provides application with the number of instances and the locations of template 
matches within an inspection image. For example, we can search an image containing a printed circuit 
board (PCB) for one or more fiducially marks. The machine vision application uses the fiducially 
marks to align the board for chip placement from a chip mounting device. Searching for and finding 
image features is the key processing task that determines the success of many gauging applications. 
 
Pattern matching techniques include normalized cross-correlation, pyramidal matching, scale- and 
rotation-invariant matching, and image understanding. Normalized cross-correlation is the most 
common method for finding a template in an image. This is shown in Fig. 1. Because the underlying 
mechanism for correlation is based on a series of multiplication operations, the correlation process is 
time consuming. To increase the speed of the matching process, reduce the size of the image and 
restrict the region of the image in which the matching occurs. [3], [4]. 
 
Consider a subimage w(x, y) of size K × L within an image f(x, y) of size M × N, where  
K ≤ M and L ≤ N. The correlation between w(x, y) and f(x, y) at a point (i, j) is given by 
 
 

∑∑
−

=

−

=

++=
1

0

1

0
),(),(),(

L

x

K

y
jyixfyxwjiC , 
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where  i = 0,1,…M – 1, j = 0,1… N – 1, and the summation is taken over the region in the image where 
w and f overlap. 
 
 
3. Sampling of Measured Thermal Data 
 
This measurement serves for temperature determination for given dot of picture through image 
analysis for back-up power supply (Fig. 1). Measurement is realized based on knowledge of color 
scale from image. In principle we were trying to measure the temperature from chosen dots of picture 
that has been scanned by thermo – vision camera. Because the time – sequence of pictures exists, then 
we were able to determine the change of temperature in given dot in time – dependency. 
 
 

     
a)      b)              c) 

 
Fig. 1. Example of analyzed device (back-up power supply (a),  

thermal image (b) and template (c). 
 
 
Principle of measurement outgoes from next considerations. Picture consists from pixels (Picture dots), 
whereby every dot is related with certain value of color, that is expressed by numerical information. 
Because every colored picture consists from color areas (mostly RGB model occurs), it is necessary to 
distribute this information into three fields. By distributing numerical information we are able to reach 
values of picture’s dot. Also information about dot’s placement (axes) that are serving for 
interpretation of temperature is able to be obtained in this way. The front panel of application is in 
Fig. 2. 
 
For temperature assignment to picture dot (Fig. 3), it is necessary to find-out placement of colored 
scale and adequate temperature scale. Placement of colored scale is being found – out based on 
comparison of object’s shapes method (pattern matching). Range of temperature corresponding to 
given scale is entered manually. 
 
Before beginning of analysis, we are defining object which creates the color scale. Then at the process 
of plotting the temperature is assigned to individual dots based on mentioned scale. Principle of 
analysis is that after discover of placement of color scale, the selected area of picture is transformed 
into numerical field. That means that numerical intervals are being created, which corresponds to 
certain temperature range. Individual elements of field are consequently compared with numerical 
values of chosen dots. When the match is found between numerical value and interval that is obtained 
from field representing color scale, then temperature value is added to dot. 
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Fig. 2. Thermal analyzing application front panel. 
 
 

  
 

Fig. 3. Selected points (green dots) for temperature measurement. 
 
 
This process is applied for all dots that are chosen. Because at selection of place for temperature 
measurement we also discovered values of axes of measured dots, we can apply this process 
automatically for different pictures from time sequence of measurement. So this process helps us to 
determine the temperature distribution in given dot in dependency of measurement time. The time 
dependency of temperature for selected dots is in Fig. 4. 
 
 
4. Conclusions 
 
Heat transfer for power supply is very important parameter. If the temperature of device is very high, it 
could be dangerous. The devices on semiconductor base may be destroyed with this process. 
Measurement of temperature fields can be helpful in the process of circuits design. We can simulate 
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heat transfer in some software (e.g. COMSOL), but the verification of simulation must be done. In this 
paper is describing the verification using thermal camera and image analysis of thermal image. We can 
determine the time dependency of temperature by this method. We can also determine whether the 
cooler is necessary. The placement of cooler can be designed for these circuits. 
 
 

Time dependency of temperature
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Fig. 4. The time dependency of temperature for selected dots. 
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