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1 INTRODUCTION 

This document explains the method for setting the linearization coefficients for calculating the 
concentration of a gas being analysed. This method requires a calibration procedure of introducing 
known concentrations of the gas being analysed into the sample cell and recording the signal 
strengths for each concentration. 

 

This document should be used alongside the excel spreadsheet “KEMET NDIR Gas Coefficients”. 
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2 CALIBRATION DATA 

Using a dual sensor set up involving a gas sensor and a reference sensor the following data is recorded 
by taking the root mean squared values for each sensor’s output. 

Table 1 – Calibration Data 

 Measured         

 
  

Sensor 
data     T 

 

Gas Concentration 
% Ref Gas 

Ratio 
(Gas/Ref) Transmittance 

sample1 0 21903 27976 1.277 1.00000 

sample2 10 21931 27519 1.255 0.98241 

sample3 20 21929 27065 1.234 0.96629 

sample4 30 21950 26681 1.216 0.95167 

sample5 40 21933 26322 1.200 0.93959 

sample6 50 21945 25987 1.184 0.92713 

sample7 60 21961 25744 1.172 0.91779 

sample8 70 21971 25546 1.163 0.91031 

sample9 80 21978 25347 1.153 0.90293 

sample10 90 21982 25205 1.147 0.89771 

sample11 100 21971 25068 1.141 0.89328 

     
Using the definition of transmittance  

𝑇𝑇 =
𝐼𝐼
𝐼𝐼𝑜𝑜

 

 

Where ‘I’ is the measured signal and ‘Io’ is the signal with 100% transmission (zero signal absorbed by 
the gas). Dividing the gas by the reference normalizes the output for the system being calibrated, with 
the value of gas/ref with 0% concentration of gas giving the value of ‘Io’ for the system since by 
definition there is 100% transmission when there is no gas present to absorb the IR. 

Then the amount of IR absorbed is then the total amount of IR emitted (Io) minus the amount 
transmitted. This is normalized to a ratio by dividing both terms by Io. 

 

𝐴𝐴 =  
𝐼𝐼𝑜𝑜 − 𝐼𝐼
𝐼𝐼𝑜𝑜

= 1 −  
𝐼𝐼
𝐼𝐼𝑜𝑜

 

This definition of absorption is taken from “Non-Dispersive Infrared Gas Measurement” by J. Y. Wong 
and R. L. Anderson. It is really the combination of signal losses from photon absorption and scattering. 
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Table 2 – Transmittance and Absorption 

T 1-T 
Transmittance Absorption 

1.00000 0.00000 
0.98241 0.01759 
0.96629 0.03371 
0.95167 0.04833 
0.93959 0.06041 
0.92713 0.07287 
0.91779 0.08221 
0.91031 0.08969 
0.90293 0.09707 
0.89771 0.10229 
0.89328 0.10672 

 

Plotting the absorption against the concentration from calibration gases gives the following graph. 

 

 
Figure 1 – Absorption vs. Concentration 

 

The above graph is an exponential relationship however each system will be different so a few 
coefficients for calibration are required. The following equation for absorption is used. 

 

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑎𝑎(1 − 𝑒𝑒−𝑏𝑏𝑥𝑥𝑐𝑐) 
This is the format of the equation that the values of a, b and c will be determined from. This is due to 
the fact that the gas concentrations are the inputs for calibration process and the reduction in signal 
strength is the output of the calibration procedure. 
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3 USING EXCEL TO DETERMINE LINEARIZATION COEFFICIENTS 

In order to determine the coefficients, the add-in of excel ‘Solver’ must be enabled. This is done as 
shown below. 

 

1. Click ‘Options’ 

 
2. Click ‘Add-Ins’ 
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3. Click ‘Go...’ next to the manage Excel add-ins. 

 
 

4. Ensure that the ‘Solver’ is selected in the Add-Ins available box. Then click ‘OK’. 

 
 

The solver options will now be available in the Analysis section of the top bar of Excel. 

 
 

This is the tool that will be used to iterate towards values of the coefficients to provide a best fit curve. 
There are additional steps to set-up the spreadsheet so that the solver tool has what it needs to 
converge on an answer.  

 

The solver tool needs to know the calculated values of absorbance and the actual values from 
calibration. Using these values as two columns create a third column that will be the square of the 
difference between the two columns. 

http://www.kemet.com/


NDIR – Determination of Linearization Coefficients for  

Gas Analysis Using KEMET Dual Sensors 

The above information is believed to be correct but does not purport to be all inclusive and must be used only as a guide.   

© KEMET Electronics Corporation • KEMET Tower • One East Broward Boulevard 

Fort Lauderdale, FL 33301 USA • 954-766-2800 • www.kemet.com                                                                                                         7 

 

 

Table 3 – Layout of Actual Absorbance and Predicted Absorbance 

  Predicted    
1-T Predicted    

Absorption Absorption diff^2  
0.00000 0.0000    
0.01759 1.0000 9.65E-01  
0.03371 1.0000 9.34E-01  
0.04833 1.0000 9.06E-01  
0.06041 1.0000 8.83E-01  
0.07287 1.0000 8.60E-01  
0.08221 1.0000 8.42E-01  
0.08969 1.0000 8.29E-01  
0.09707 1.0000 8.15E-01  
0.10229 1.0000 8.06E-01  
0.10672 1.0000 7.98E-01  

   
Solver' parameters 

  
8.64E+00 <- 'Set objective'   (1) 

 

Finally add a final box that will contain the summation of the squares of the differences. This 
summation of squared errors is used by the solver tool. 

 

The final elements required are the boxes containing a, b and c.  

 

Table 4 – Cells for Coefficients 

Coefficients value 
 

a 1 
<- 'by changing 

variable cells' - select 
all three   (2) 

b 0 

c 1 

 

The predicted column shown in table x is then assigned the equation 

 

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑎𝑎(1 − 𝑒𝑒−𝑏𝑏𝑥𝑥𝑐𝑐) 
with the concentration values coming from the calibration process, and the values for a, b and c 
coming from boxes created to contain them. 

 

Starting the values for a and c at 1 and b set to zero, this will allow the solver to converge on an answer. 
These initial values are an example and may not be the best for every system. However, they work well 
the system used for this calibration procedure. 
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Click solver on the top bar of excel to open the solver options screen. 

 
 

We want to minimise the summed error squared value. This is termed the ‘Objective’. Set the objective 
to the cell containing the squared error summation. And ensure that the selection of minimum is 
checked. 

 

Next we need to set the cells to be altered to help converge on a particular set of coefficients for the 
minimum error. This is the box with ‘By Changing Variable Cells’ above it. Select the three cells that 
contain the coefficients for this box. 

Now click ‘Solve’. This will do one iteration of the algorithm. Repeat the above procedure until the 
values converge. 

 

The values of coefficients determined from the above procedure are shown below. 
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Table 5 – Determined Values of Coefficients 

  Predicted    
1-T Predicted    

Absorption Absorption diff^2  
0.00000 0.0000    
0.01759 0.0171 2.33E-07  
0.03371 0.0337 5.55E-11  
0.04833 0.0485 2.15E-08  
0.06041 0.0613 8.70E-07  
0.07287 0.0724 2.20E-07  
0.08221 0.0818 1.36E-07  
0.08969 0.0899 2.70E-08  
0.09707 0.0966 2.07E-07  
0.10229 0.1023 6.88E-11  
0.10672 0.1071 1.17E-07  

   
Solver' parameters 

  
1.83E-06 <- 'Set objective'   (1) 

    
    

 
Coefficients value 

 

 
a 0.13024248 

<- 'by changing 
variable cells' - select 

all three   (2)  
b 0.01148979 

 
c 1.08837583 

 

 

4 MODIFIED BEER LAMBERT LAW 

The above procedure has been based around the equation  

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑎𝑎�1 − 𝑒𝑒−𝑏𝑏𝑥𝑥𝑐𝑐� 
however, this is not an equation that outputs concentration values. Rearrange this equation to solve 
for ‘x’. Which is the concentration. 

 

𝑥𝑥 =  �
ln (1 − 𝐴𝐴𝐴𝐴𝐴𝐴

𝑎𝑎 )
−𝑏𝑏

𝑐𝑐

 
This is now the equation for determining the concentration of gas in the cell. With the values of a, b 
and c having been determined through the calibration process and using excel solver. 
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Figure 2 – Actual vs. Predicted Concentration 

Table 6 – Table of Actual Concentration vs. Predicted 

Measured Gas 
Concentration 

% 

Predicted Gas 
Concentration 

% R^2 

0 0.000 0.99979 
10 10.279  
20 20.005  
30 29.894  
40 39.223  
50 50.461  
60 60.426  
70 69.777  
80 80.739  
90 89.984  

100 99.219  
 

This process produces an accurate equation for predicted values of gas concentration. 

y = 0.9983x + 0.0874
R² = 0.9998
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