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Abstract 

In this paper, we propose a user-friendly tool that calibrates the coefficient variables of 

Steinhart-Hart equation used for the temperature measurement of NTC thermistor. The 

proposed tool provides automatic modification of the coefficient variables only with 

temperature measurement, whereas the legacy process requires manual modification of the 

coefficient variables with temperature and resistance measurements. For user convenience, 

the proposed tool is implemented with a user-friendly GUI program. The tool is applied to 

4-points temperature measurements of PCR devices. In accuracy evaluation, the proposed 

tool yields a precision of 0.1C. 

 

Keywords: Calibration, Steinhart-Hart equation, Thermistor, Temperature 

Measurement 

 

1. Introduction 

For limited range temperature measurement, NTC(Negative Temperature 

Coefficient) thermistor is favored over other devices due to its many benefits such as 

high sensitivity, fast thermal response, various shapes and sizes, and low-cost [1]. 

The thermistor is a thermally sensitive sensor. As the sensing temperature of a 

thermistor changes, its resistance value is accordingly changed. Measuring the 

resistance value of a thermistor can be utilized for temperature measurement of the 

thermistor [2]. The relationship between temperature and resistance of thermistors is 

nonlinear and almost exponential [3]. The relationship is precisely analyzed by 

Steinhart-Hart equation [4].  

In order to directly derive a temperature from a measured resistance value using 

the Steinhart-Hart equation, we must know three coefficient values of the Steinhart-

Hart equation, called S-H coefficients. Manufactures typically supply the S-H 

coefficients for thermistors. Manufacturer-applied S-H coefficients are generally 
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identical for the same model of thermistors; however, these coefficients may vary for 

individual thermistor units. Therefore, S-H coefficients of each thermistor unit need 

to be slightly adjusted for more precise temperature measurement. The procedure to 

adjust the S-H coefficients of thermistors is referred to as calibration. The calibration 

procedure of temperature measurement instruments including thermistors is 

performed by certified institutions equipped with thermally stable environments 

(circulating liquid bath) [5]. 

In the legacy scheme [6], the calibration process is performed as follows; (1) 

Users deliver the temperature measurement instruments to the certified institution. (2) 

The certified institution finds the modified S-H coefficients suitable for individual 

temperature measurement instruments by measuring the resistance values of each 

instrument upon known reference temperatures. (3) The found S-H coefficients are 

sent back to users and manually stored in memory logger of each temperature 

measurement instrument. However, this legacy calibration scheme demands a burden 

of measuring the resistance values of each instrument from the certified institution, 

and the inconvenient manual memory setting of the found S-H coefficient variables 

from users. 

In this paper, we propose a calibration tool that automatically modifies the default 

S-H coefficients given by thermistor manufactures. Also the proposed calibration 

tool provides greater user convenience by simply recording the difference between 

the measured temperature and the reference temperature, rather than measuring the 

resistance values of each temperature measurement instrument in legacy calibration 

scheme. To enhance user convenience, the proposed tool is implemented with user-

friendly GUI(graphic user interface) programs. We apply the tool to 4-points 

temperature measurements of PCR device [7,8], and verify that the tool significantly 

enhances the temperature measurement accuracy with a precision of 0.1C. 

The rest of this paper is organized as follows; Section 2 explains the background 

knowledge to understand the proposed scheme. Section 3 describes the proposed 

calibration tool in detail. Section 4 shows evaluation results for calibration accuracy 

of the proposed tool. Section 5 provides concluding remarks. 

 

2. Preliminaries 
 

2.1. Resistance-Temperature Relation of NTC Thermistors 

Thermally sensitive resistors (i.e., thermistors) are one of the most commonly used 

temperature measurement devices because they can be installed in many 

environments, they have a high degree of accuracy (generally < 0.01C can be easily 

attained), and they are relatively inexpensive (< $100) [6]. There are two types of 

thermistors, negative temperature coefficient (NTC) thermistors and positive 

temperature coefficient (PTC) thermistors, of which NTC thermistors are the most 

common. The response of resistance vs. temperature for a thermistor is highly 

nonlinear and is almost exponential in nature. Figure 1 shows a common resistance-

temperature relation curve for a 10k NTC thermistor. 
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Figure 1. Resistance-Temperature Relation Curve of NTC Thermistors 

2.2. Steinhart-Hart Equation 

The nonlinear resistance-temperature characteristics of NTC thermistor may be 

modeled to a high degree of accuracy using mathematical  modeling techniques such 

as Steinhart-Hart equation [4], Lagrange polynomials [9], and other modelling 

techniques [10]. The Steinhart-Hart equation shown in equation (1) is the mostly 

favored because it is the most accurate function for fitting proxy data to reference 

temperature data [11]. The Steinhart-Hart equation is expressed as below:  

    
where A, B, and C are dimensionless variables referred to as S-H coefficients and R 

is the measured resistance value of the thermistor. This equation generally yields a 

precision 0.001C of over the range of -40C to +150C. 

Although manufactures of NTC thermistors generally provides identical S-H 

coefficients for the same model of thermistors, these coefficients need the calibration 

procedure that slightly adjusts the default coefficients for more precise temperature 

measurement. The calibration procedure to determine the S-H coefficients involves 

measuring the thermistor resistance value under a thermally stable environment with 

a known reference temperature (i.e., circulating liquid bath) [5]. If three resistance 

values of thermistors (R1, R2, R3) are measured under three known reference 

temperatures (T1, T2, T3) respectively, the three  coefficient variables (A, B, C) can 

be directly derived by applying the three measured resistance values and the three 

known temperatures to equation (1) and solving the following three equations.  

 
1

𝑇1 
= 𝐴 + 𝐵 ∙ (ln 𝑅1) + 𝐶 ∙ (ln 𝑅1)3 

 
1

𝑇2 
= 𝐴 + 𝐵 ∙ (ln 𝑅2) + 𝐶 ∙ (ln 𝑅2)3 
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1

𝑇3 
= 𝐴 + 𝐵 ∙ (ln 𝑅3) + 𝐶 ∙ (ln 𝑅3)3 

 

With R1, R2 and R3 values of resistance at temperatures T1, T2 and T3 respectively, 

we derive the values of A, B and C according to the following formulas: 

 

𝐿1 = ln 𝑅1 , 𝐿2 = ln 𝑅2     and      𝐿3 = ln 𝑅3 
 

𝑀1 =
1

𝑇1
, 𝑀2 =

1

𝑇2
     and      𝑀3 =

1

𝑇3
 

 

𝑁2 =
𝑀2 − 𝑀1

𝐿2 − 𝐿1
      and     𝑁3 =

𝑀3 − 𝑀2

𝐿3 − 𝐿2
 

 

⇒ 𝐶 = ( 
𝑁3 − 𝑁2

𝐿3 − 𝐿2
 )(𝐿1 + 𝐿2 + 𝐿3 )−1      

 

⇒ 𝐵 = 𝑁2 −  𝐶 ∙ { (𝐿1)2 + 𝐿2 ∙ 𝐿2 + (𝐿2)2 } 

 

⇒ 𝐴 = 𝑀1 −  { 𝐵 + (𝐿1)2 ∙ 𝐶} ∙ 𝐿1 

 

The calibration procedure of temperature measurement instruments including 

thermistors is performed by certified institutions equipped with thermally stable 

environments (circulating liquid bathes). The legacy calibration scheme [6] demands 

a burden of measuring the resistance values of each instrument from the certified 

institution, and the inconvenient manual memory setting of the found S-H coefficient 

variables from users. 

The proposed calibration tool automatically modifies the default S-H coefficients 

given by thermistor manufactures. Also the proposed calibration tool provides 

greater user convenience by simply recording the difference between the measured 

temperature and the reference temperature, rather than measuring the resistance 

values of each temperature measurement instrument in legacy calibration scheme. 

 

3. Proposed Calibration Tool 

The default S-H coefficients before calibration are denoted as A, B and C. The 

modified S-H coefficients after calibration are dented as A
’
, B

’
 and C

’
. The measured 

temperature using the default coefficients is denoted as T. The known reference 

temperature in thermally stable liquid bath is denoted as T 
R
. When measuring the 

reference temperature of liquid bath, the measured temperature T might be different 

from the exactly known reference temperature T 
R
 if the default S-H coefficients are 

not exact. Our goal is to make T  T 
R
 by modifying the default S-H coefficients. 

The proposed calibration tool allows users to omit the resistance measurement 

procedure. From the default S-H coefficients (A, B and C) and the measured 

temperature T, the resistance value R of thermistors can be derived by using the 

inverse equation of equation (1), which is expressed as below: 
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For easy calibration handling and one step calibration process, the proposed tool 

provides a graphic user interface (GUI) such as shown in Figure 1, which handles 4 

channels of thermistors from C1 to C4. The GUI runs on Windows XP or Windows 7, 

and is implemented using Microsoft Visual Studio 2008 and Microsoft Foundation 

Class (MFC). The user records only the difference of the measured temperature from 

the reference temperature (i.e., T –  T 
R
) in GUI as input parameters. Then its 

resistance value R is automatically calculated by using equation (2). The modified S-

H coefficients A
’
, B

’
 and C

’
 are obtained by applying the automatically calculated 

resistance R and the reference temperature T 
R
 to equation (1).  

 

 

Figure 2. GUI Program 

As shown in Figure 2, the proposed tool determines the S-H coefficients based on 

four known reference temperatures, because the tool is designed for PCR(Polymerase 

Chain Reaction) devices using four different temperatures such as 4C, 60C, 72C, 

and 95C [7,8]. For the calibration of each channel with four temperature points, we 

apply the least squares fitting method that minimizes the sum of measurement errors. 

First, we make four equations applying four known temperatures T1
R
, T2

R
, T3

R
 and 

T4
R
, and their corresponding resistance values R1, R2, R3 and R4 to equation (1):  

 
From the above equation, we derive three matrixes X, Y and Z such that Z = Y·X as 

below: 

  
The matrix X including the modified S-H coefficients can be obtained by applying 

the following least square solution:  
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Finally the tool automatically substitutes the modified S-H coefficients for the 

default S-H coefficients. Figure 3 shows the modified S-H coefficients values in the 

GUI program of the proposed tool. 

 

 

Figure 3. Modified S-H Coefficients in GUI Program 
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Figure 4. Overall Configuration of GUI Programs 

Figure 4 shows the overall configuration of all GUI programs of the proposed tool. 

The file named with “Shparma.dat” stores the setting S-H coefficient values of each 

NTC thermistor sensor and the difference between the measured temperature and the 

reference temperature. The GUI program in the left of Figure 4 is executed by 

“TCheckerV2.2.exe”. This program applies the modified S-H coefficients if the file 

“Shparma.dat” stores the modified S-H coefficients of the target measurement 

instrument. Otherwise, the program applies the default S-H coefficients. 

The proposed calibration tool provides greater user convenience by simply 

recording the difference between the measured temperature and the reference 

temperature, rather than measuring the resistance values of each temperature 

measurement instrument in legacy calibration scheme. 

 

4. Calibration Accuracy Evaluation 

For evaluation of temperature measurement accuracy, we employ 16 thermistors of 

the USSENSOR company that have 0.4C error range over default S-H coefficients 

identical for all thermistor sensors. Temperature measurement accuracy before 

calibration is compared with that after applying the proposed calibration tool. Table 

1 shows measured temperatures using the default S-H coefficients before calibration. 

Table 2 shows measured temperatures using the modified S-H coefficients after 

calibration.  
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Table 1. Measured Temperature before Calibration 

Reference Temperature 4.0 C 60.0 C 72.0 C 95.0 C 

Thermistor Number 1 3.9 C 60.2 C 72.0 C 95.1 C 

Thermistor Number 2 3.8 C 60.2 C 72.0 C 95.2 C 

Thermistor Number 3 3.9 C 60.2 C 71.9 C 95.2 C 

Thermistor Number 4 3.8 C 60.2 C 71.7 C 95.2 C 

Thermistor Number 5 3.7 C 60.2 C 72.0 C 95.1 C 

Thermistor Number 6 3.7 C 60.2 C 72.0 C 95.1 C 

Thermistor Number 7 3.7 C 60.2 C 72.0 C 95.1 C 

Thermistor Number 8 3.7 C 60.2 C 72.0 C 95.1 C 

Thermistor Number 9 3.8 C 60.0 C 72.3 C 94.9 C 

Thermistor Number 10 3.8 C 60.1 C 72.4 C 95.0 C 

Thermistor Number 11 3.8 C 60.0 C 72.3 C 94.8 C 

Thermistor Number 12 3.8 C 60.1 C 72.4 C 95.0 C 

Thermistor Number 13 3.7 C 60.2 C 72.1 C 94.9 C 

Thermistor Number 14 3.7 C 60.2 C 71.9 C 95.0 C 

Thermistor Number 15 3.6 C 60.0 C 72.2 C 94.9 C 

Thermistor Number 16 3.6 C 60.0 C 72.2 C 94.9 C 
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Table 2. Measured Temperature after Calibration 

Reference Temperature 4.0 C 60.0 C 72.0 C 95.0 C 

Thermistor Number 1 4.1 C 60.0 C 72.0 C 95.1 C 

Thermistor Number 2 3.9 C 60.0 C 72.0 C 95.0 C 

Thermistor Number 3 4.1 C 60.0 C 71.9 C 95.0 C 

Thermistor Number 4 3.9 C 60.0 C 71.9 C 95.0 C 

Thermistor Number 5 4.0 C 60.0 C 72.0 C 95.1 C 

Thermistor Number 6 4.0 C 60.0 C 72.0 C 95.1 C 

Thermistor Number 7 4.0 C 60.0 C 72.0 C 95.1 C 

Thermistor Number 8 4.0 C 60.0 C 72.0 C 95.1 C 

Thermistor Number 9 4.0 C 60.1 C 72.1 C 95.0 C 

Thermistor Number 10 4.0 C 60.0 C 72.1 C 95.0 C 

Thermistor Number 11 4.0 C 60.1 C 72.0 C 95.0 C 

Thermistor Number 12 4.0 C 60.0 C 72.1 C 95.0 C 

Thermistor Number 13 4.0 C 60.0 C 72.1 C 94.9 C 

Thermistor Number 14 4.0 C 60.0 C 72.1 C 95.0 C 

Thermistor Number 15 4.0 C 60.0 C 72.1 C 94.9 C 

Thermistor Number 16 4.1 C 60.0 C 72.1 C 94.9 C 

 

In Table 1, the maximum error of temperature measurement is 0.4C, and the 

average error of temperature measurement is about 0.161C. In Table 2, the 

maximum error of temperature measurement is 0.1C, and the average error of 

temperature measurement is about 0.037C. Table 2 shows that the proposed 

calibration tool yields a precision of 0.1C. Consequently, the proposed calibration 

tool significantly enhances the temperature measurement accuracy. 

 

5. Conclusions 

The proposed calibration tool automatically modifies the default S-H coefficients 

given by thermistor manufactures. The proposed tool provides greater user 

convenience by simply recording the difference between the measured temperature 

and the reference temperature upon a user-friendly GUI program. In the temperature 

measurement evaluation of PCR devices, the proposed tool significantly enhances the 

temperature measurement accuracy with a precision of 0.1C. 
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