
Informatics Engineering, an International Journal (IEIJ) ,Vol.1, No.1, December 2013 

15 

  

MODELLING OF NTC THERMISTOR USING 

ARTIFICIAL NEURAL NETWORK FOR NON-

LINEARITY COMPENSATION 
  

T. D. Dongale
1
, R. K. Kamat

 2
 

 
1
Solid State Electronics and Computing Research Laboratory, 

School of Nanoscience and Technology,  

Shivaji University, Kolhapur 
2
VLSI and Embedded System Research Laboratory 

Department of Electronics, Shivaji University, Kolhapur 
 

 

 

ABSTRACT 

 
This paper investigates modelling of NTC thermistors using Steinhart-Hart equation for generic model 

generation and then parsing the same through the linearization algorithm based on Levenberg–Marquart 

back propagation technique with sigmoid activation function. The entire modelling and scripting of the 

linearization algorithm has been accomplished in the MATLAB paradigm. The results showcase small 

linearity error optimal in the chebyshev norms. The reported technique has a potential for linearization of 

other impedance based non-linear sensors as well. Further work is in progress to integrate the algorithm 

as a soft IP core in a full custom or semi-custom ASIC wherein thermistors are employed as sensors.     
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1. INTRODUCTION 
 

Amongst the leading physical parameters, temperature is the one measured and controlled widely 

in industrial, domestic and almost all the sector touching day to day human life. Accordingly 

there exist variety of temperature sensors which have evolved over many years of research and 

development. One such widely used temperature sensor which is acknowledged for its sensitivity 

is thermistors. The NTC thermistor has the highest sensitivity, small heat capacity, rapid 

response, small size, low cost and moderately high-resistance at room temperature [1, 2]. Owing 

to their cost effectiveness which naturally comes from the basic transition metal oxides forming 

these sensors, many research groups including ours are striving hard to make these sensors 

amenable to the state of art microcontrollers and automated instrumentation. Some of these 

achievements of our research group are as follows. The room temperature resistance of NTC 

thermistors was customized to get the moderate high value for power optimization and thus to 

avoid the self heating [3].   Our group has also reported temperature measurement using the pulse 

width modulation wherein thermistor was placed as sensor. Previously we had also dealt with the 

non-linearity aspects of these sensors using a non-linear ADC in order to tackle the 

disproportionate difference between dynamic range, resolution, and measurement accuracy [4].   

 

Thus in nutshell, the international scenario pertaining to NTC thermistors reveals their ever 

increasing applications [5,6] owing to the deserving attributes except for the non-linearity which 
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is still a major hindrance for the developers. In fact the price of the non-linearity compensation in 

many such applications is found to be prohibitively high than the application itself.  Literature 

survey [8-20] reveals that the non-linearity compensation techniques are realized either in the 

hardware domain or in software, however the combination of the above mentioned duo is rarely 

found in literature [7]. Hardware compensation uses electronic circuits and components for 

correction, with the schemes such as shunting with the resistive network, nonetheless effective 

only in a narrow temperature range. The software techniques comprises of various methods that 

uses fuzzy Logic, look up table method and Artificial Neural Network (ANN). The above 

mentioned techniques enjoy more popularity then their hardware counterparts owing to their 

amenability with the state of art microcontrollers and digital processor environment. The 

software-based linearization methods are addressed by good number of research groups. Recently 

reported variations in the linearization techniques include LabView [21] and FPGA based 

instrumentation [22]. , However, a major drawback of these is their off-line compensation which 

not only poses non-ideal linearization, but also results in time inefficiency in acquiring and 

processing the sensor data.  

 

In view of the above, the present describes implementation ANN based non-linearity 

compensation technique which resorts to the online non-linearity compensation thereby providing 

highest measurement time efficiency. Moreover the technique is suitable to embed as a soft IP 

core in an ASIC environment which leads to the efficiency in terms of the silicon real estate. The 

technique used in this paper is based on the Levenberg–Marquart back propagation algorithm fine 

tuned by employing the sigmoid activation function.  The entire implementation depicted in the 

rest of the paper is under the MATLAB platform. The rest of the paper proceeds as follows. At 

the outset, the Steinhart-Hart equation is scripted in MATLAB to derive the generic model of the 

NTC thermistor. After ascertaining the same by comparing with the standard thermistor 

characteristics, the same is taken as the basis for implementing the non-linearity correction. The 

paper then describes the implementation of ANN and the corresponding pseudo code as well as 

discusses the results.  

 
 

2.   IMPLEMENTATION   DETAILS 
  
 

In order to derive the generic model of the NTC thermistor the base model taken up for 

implementation in MATLAB is based on the Steinhart-Hart equation. The values of resistance 

and temperature are passed to the Steinhart-Hart equation scripted in MATLAB. The resulting 

characteristic is as shown in Fig. 1 which confirms the thermistor like characteristics. 

  
 

 
 

Figure 1: Thermistor ANN Model Test Result 
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Figure 2: Linearization Curve of Observed Thermistor Characteristics and ANN Model Characteristics 

 
The non-linearity compensation has been developed for the characteristics shown in fig. 1 as the 

same is generic for any thermistor. The Levenberg–Marquart back propagation technique was 

then scripted in MATLAB, the pseudo code of which is as shown in table 1. The bias for the 

above mentioned model is in the form of sigmoid activation function based on the formula. The 

parameter values for the model developed are as shown in table 2 and figure 3. The table 3 

depicts the details of the ANN architecture. 

 
Table 1: Pseudo Code for the Thermistor Model 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clear all 

        X= [Bias Values First Variable (Temp.)] 

        B = [Second Variable (Resistance)] 

Declare y in range [0, 1] 

Declare learning parameter 

 

Initialization of weights connecting from input unit to hidden unit 

Initialization of weights connecting from hidden unit to output unit 

 

Select input randomly 

       While 

             { 

                   Check the error 

             } 

 

Update the weight and error values 

Loop for training the data 

 

Condition for predicted value using optimal weights 

Display graph 
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Figure 3: Multilayer Preceptron Model for Thermistor  

 
 

Table 2: ANN Models Parameters Values  

 

Weights Values 

V10 -2.4972 

V20 -1.8626 

V30 -4.6656 

V11 -0.1860 

V12 0.1092 

V13 0.0736 

W1 7.7638 

W2 -2.0279 

W3 -3.2968 

 
 

Table 3: ANN Architecture and Training Parameters 

 

The number of layers Three 

The number of neuron on the layers Input: 2, Hidden Layer: 3, output: 1 

The initial weights and biases Random 

Activation functions Sigmoid function 

Learning rule Levenberg–Marquart Back propagation 

 
 

3. RESULTS AND DISCUSSIONS  
 

Fig. 1 reveals the thermistor characteristics obtained through the Steinhart-Hart equation 

implemented in MATLAB vis-à-vis the non-linearity compensated characteristics. The results are 

itself indicative that the error values are of the order of 1.51% and thus in the acceptable limits. 

The curve fitting versions of the above mentioned characteristics are shown in Fig. 2 reveals a 

small linearity error optimal in the chebyshev norms. This clearly indicates successful non-

linearity compensation obtained through the MATLAB implementation of back propagation 

algorithm finetuned by using the sigmoid activation function.  The model consist of three layers 

an input, output layer and a hidden layer. The results are promising and yields small error as 

compared to the recent approaches reported in 8, 21 and 22.  Work is in progress to embed the 
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reported model as a soft IP core in an ASIC proposed to be developed for a biomedical 

application. 
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