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I. INTRODUCTION 

 
Infrared thermal imaging is widely used for 
measuring Temperature measurement, heat flux 
monitoring, machine condition, fluid system 
monitoring etc. In its process it uses thermal imager 
to detect radiation and then further converting it to 
get object temperature and temperature distribution. 
 
The results from measurement contain error and 
sources of these errors may be from different 
physical and atmospheric factors. Infrared 
thermography is the process of using a thermal 
imager to detect radiation (heat) coming from an 
object, converting it to temperature and displaying 
an image of the temperature distribution. Images of 
the detected temperature distribution are called 
thermo grams, and they make it possible to see heat-
producing objects invisible to the naked eye. It's 
widely-used in predictive maintenance and condition 
monitoring. 
 
Since all objects above absolute zero (-459.67 
degrees Fahrenheit) give off thermal infrared energy, 
thermal imagers can easily detect and display 
infrared wavelengths regardless of ambient light. A 
common example of this is using night-vision 
goggles to detect objects in the dark.  

 
 
 
 
 
 
 
 
Infrared thermography is commonly used in a variety 
of industries and applications. The primary goal of 
infrared thermography is to confirm machinery is 
running normally and to detect abnormal heat 
patterns within a machine, indicating inefficiency and 
defects.  
 
Inspecting mechanical equipment using infrared 
thermography is a big advantage for asset managers 
tasked with condition monitoring. Even though 
infrared imagers are simple to use, interpreting the 
data they produce can be a bit more challenging to 
break down.  
 
It's important not only to have a working knowledge 
of how infrared imagers work, but also baseline 
knowledge of radiometry and heat transfer 
processes. 
 

II. LITERATURE REVIEW 
 
Infrared thermography was first used for purposes 
other than civil construction. Its principles were 
discovered by accident while scientist William 
Herchel was trying to solve an astronomical problem, 
in the 1800’s (Barr, 1961). Over the years, the 
technique was improved for use in several sectors 
(Lucchi, 2018).  
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In 1830, Melloni, an Italian investigator, discovered 
that NaCl, in natural crystals large enough to be 
transformed into lenses and prisms, became the 
main infrared until the 1930's, the era of synthetic 
crystal (Flir, 2017). The first quantum detector was 
developed between 1870 and 1920 based on the 
interactions between the radiations, increasing the 
precision and considerably reducing the response 
time (Smith et al., 1958).  
 
The thermography was greatly improved during 
World War II, showing the importance of the 
technology especially at night. The propagation of 
the infrared images in the construction sector 
occurred in the 2000’s, with the use of barium-
strontium titanate and micro bolometer (Lucchi, 
2018).  
 
In the last years, its use has increased dramatically, 
mainly in restoration, building construction, and 
survey works (Kylili et al., 2014; Bianchi et al., 2014). 
In addition, it is important to note that the use of this 
technique has been associated with a reduction in 
size equipment, cost reduction and resolution 
improvements, sensitivity and accuracy, operability 
and portability (Meola, 2012).  
 
The use has grown considerably over the last 15 
years, mainly for civil engineering and restoration of 
historic buildings, thus facilitating a diffusion of 
European legislation not only for energy efficiency 
but also for energy auditing of buildings (Lucchi, 
2018). However, even after 30 years since the 
beginning of its use, it has not yet been extensively 
exploited (Grinzato et al., 2002; Albatici and Tonelli, 
2010). 
 
Several researchers have applied infrared 
thermography techniques for various uses 
(Bagavathiappan et al., 2013) such as emissivity 
measurement and determination of global heat 
transfer coefficient, thus demonstrating a positive 
potential (Porras-Amores etal., 2013).  
 
O'Grady (2017a) brings important information in his 
research: about 40% of the energy consumed in 
Europe comes from buildings. The previous study on 
thermal behaviour of walls avoids errors in the 
construction phase. Once built, its on-site verification 
enables to find possible pathologies and/or design 
deficiencies that lead to a reduction in its thermal 
performance. 

Robinson et al. (2017) aimed to study a simple and 
low-cost method to estimate the effective thermal 
diffusivity in structural walls of buildings. For this, 
they used infrared thermography as an experimental 
and low-cost method to calculate the thermal 
diffusivity of the concrete wall under controlled 
conditions.  
 
The greatest difficulty found in this work was the 
control of heat loss through the lateral limits of the 
section, being calculated in situ, since in controlled 
environment, the lateral limits were isolated.  
 
This inexpensive experiment combined with a 
mathematical model resulted in a concrete diffusivity 
of 7.2 m2/s ± 0.27m2/s, which is sufficiently precise. 
For this experiment the lateral limits were isolated, 
but it was concluded that there is a great loss of heat 
for these limits. 
 
Danielsky and Fröling (2015) investigated 
quantitative methodology to analyze the thermal 
performance of building envelope in a non-
stationary state condition, including two phases. 
They did experiments with wood wall exposed to 
external conditions to calculate the coefficient of 
heat transfer by convection; the value of 2.63 
W/(m2K)was found. The external parameters used 
were wind speed, humidity, and snowfall.  
 
In addition, the heat flow through the wall was 
assumed to obtain stable state condition only 
sparsely and for short periods. HFM and infrared 
thermography were used for the calculation of both 
the heat transfer coefficient and conductivity.  
 
The results of 4% and 3%, respectively for the 
conductivity and the global transfer coefficient, were 
found compatible with differences between the 
methods, suggesting that the thermography method 
is more accurate. 
 
Donatelli et al. (2016) used active thermography for 
two prototype walls under controlled environmental 
conditions and calculated the thermal transmittance 
in situ, comparing with the thermal transmittance 
calculated by a computer program. The results 
showed that the temperature measurements on 
software (FEA) are identical to those of a real wall, 
and that the procedure allows the measurement of 
temperature in prototype walls throughout the year 
without climatic interference. 
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O'Grady et al. (2017a) elaborated a study with an 
efficient, non-destructive method, based on an 
outside infrared thermo graphic survey, to determine 
the performance of the thermal bridge. For this, they 
compared the values of the thermal properties, 
mainly of the thermal transmittance, obtained by the 
quantitative infrared thermography, with the values 
of a hot box.  
 
A computer program was used to adjust the results. 
The thermal transmittance of these 2 methods with 3 
different wind speeds was calculated and compared.  
 
For the thermal transmittance, the external 
convective coefficient was determined using the 
Jürges approximation and the Nusselt number. The 
results of this study demonstrated the suitability of 
both approaches for calculating the value of thermal 
transmittance; however, the Jürges approach is less 
time consuming. Infrared thermography is an 
effective tool for the determination of thermal 
transmittance. 
 
O'Grady et al. (2017b) propose the use of non-
invasive and easy-to-use method to provide 
quantitative measurements often actual thermal 
performance in the thermal bridge. They studied 
thermal properties and used quantitative infrared 
thermography in addition to an experimental 
program designed to quantify the thermal bridges 
and tested in a calibrated and controlled hot box.  
 
They used the calculation of the thermal 
transmittance and the temperature variation. Three 
samples were taken, sample 1had the highest value 
found: 0.441 W/ (mK) by hot box and 0.436 W/(mK) 
by thermography.  
 
It can be concluded that after being tested in the 
laboratory and presenting excellent results for the 
external conditions, the observations will be a 
challenge for the precision of the measurements by 
the infrared thermography. 
 

III. METHOD 
 
An array detector consists of up to several hundred 
thousand-pixel detectors. Each pixel will give output 
of temperature corresponding to radiation flux 
collected by detector. In a mathematical model of 
temperature measurement, it is necessary to take 
into account the following heat fluxes arriving at an 

infrared detector shown in Fig 1.  
 
 Flux ϕ ob emitted by the investigated object. 
 Flux ϕ refl emitted by the ambient and reflected 

from the investigated object. 
 Flux ϕ atm emitted by the atmosphere. 
 

 
Fig 1. Interaction of the radiation fluxes in 

measurement with an infrared camera. 
 
The output signal from the camera detector can be 
described by the formula which is the summation of 
the entire major fluxes incident on the sensor [1] 
 

s = f(ϕob, ϕrefl, ϕatm)   ( 1) 

 
Giving input the respective heat fluxes of eq 1 to 
formulate equation for total heat flux received by 
sensor (s) [1] 
 

s = εob* TTatm*sob + TTatm *(1- 
εob)*so + (1 – TTatm)*satm( 2) 

 
Where: s is the detector signal corresponding to the 
total intensity of heat radiation arriving at the 
detector; sob and so are the detector signals 
corresponding to the object heat radiation intensity 
and black body heat radiation intensity, at ambient 
temperature, respectively. 
 
Signal so is expressed as: 
 

 (3) 
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Signal satm is expressed as: 
 

(4) 

 
Here, R , B , and F are functions of the integration 
time and of the characteristics to the complete 
infrared system. These can be determined by curve 
fitting the output of experimental black body of 
known temperature and flux received on sensor. 
 
Taking into account (eq. 2, 3, 4), and rearranging 
(eq.2) we can derive the detector signal (sob )¬which 
is cumulative of corresponding radiation flux density 
coming from different sources, this value of S¬ob will 
be further utilised to find the object temperature 
 

. (5) 

 
Using this Detector signal (sob) to find the object 
temperature (Tob) [1], 
 

 (6) 

 
IV. CONCLUSION 

 
Starting with mining data from the infrared 
thermography experiment which includes the values 
of sob corresponding to Tob to find the variable R, B, 
F. Later, data from total 1389 thermo grams was 
collected and analysed with curve fitting tool in 
MATLAB.  
 
For curve fitting F is considered to be unity because 
when we compare the eq.4 with Planck’s law of 
radiation, we found it 1. 
 

, ,  

 
Model Used for curve fit is: 
  

 

 

Now, curve fit results for remaining constant R, F are: 
 

Table 1. R, F value for complete observing 
temperature range. 

Temperature 
Range (K) 

R F 

650-1500 K 22470 1592 
 

 
Fig 2. Curve for entire temperature range and outlier 

weights corresponding to mean fitted curve. 
 
Here it is clearly observed that outliers are clustered 
into 3 regions with weights varying in range of +50 
for region 1, -50 for region 2 and ±50 for region 3. 
Goodness of fit can be improved by curve fitting in 3 
separate regions for corresponding temperature 
range.  
 

 
Fig 3. Optimized curve for region 1 and 

corresponding optimized outlier weights. 
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Fig 4. Optimized curve for region 2 and 

corresponding optimized outlier weights. 
 

 
Fig 5. Optimized curve for region 3 and 

corresponding optimized outlier weights. 
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