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Abstract: This work aims to achieve a modeling of a resistive-type humidity sensing mechanism 
(RHSM). This model takes into account the parameters of non-linearity, hysteresis, temperature, 
frequency, substrate type. Furthermore, we investigated the TiO2 and PMAPTAC concentrations 
effects on the humidity sensing properties in our model. Using neuronal networks and Matlab 
environment, we have done the training to realize an analytical model ANN and create a component, 
accurately express the above parameters variations, for our sensing mechanism model in the PSPICE 
simulator library. Simulation has been used to evaluate the effect of variations of non-linearity, 
hysteresis, temperature, frequency, substrate type and TiO2 and PMAPTAC concentrations effects, 
where the output of this model is identical to the output of the chemical humidity sensing mechanism 
used. Copyright © 2010 IFSA. 
 
Keywords: Resistive humidity sensor, Sensing mechanism, Neuronal network, MLP, TiO2 
PMAPTAC. 
 
 
 
1. Introduction 
 
Humidity is a significant parameter as the pressure or the temperature. It changes the electric 
characteristics of materials and acts on the response of the systems carried out. Humidity measurement 
is one of the important tasks in many industrial processes for manufacturing of products such as 
textiles, food, paper, semiconductors and petrochemical [1-3]. 
 
There are various types of humidity sensors based on the sensing principle they use, such as resistive, 
mechanical, gravimetric, capacitive, and thermal humidity sensors [4-5]. In the current paper we 
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modeled a new chemical humidity sensing mechanism. The sensing design of the sensor is optimized 
by the TiO2 and PMAPTAC concentrations effects on the humidity sensing properties, which are 
employed in our model. 
 
Recently, artificial neural networks (ANNs) have emerged as a highly effective learning technique 
suitable to perform nonlinear, complex, and dynamic tasks with high degree of accuracy [6]. However, 
complex nonlinear and cross sensitivity modeling has been successfully tackled by (ANNs) [7]. Neural 
models are, therefore, much faster than physics/electro-mechanical models and have a higher accuracy 
than analytical and empirical models. Furthermore, they are easy to develop for a new device or 
technology [8-9]. 
 
In this paper, we propose an ANNs model for a resistive humidity sensing mechanism (SM) operated 
under dynamic environment. It provides accurate readout of the applied humidity; we have designed 

and established on SPICE software this SM. The SM model carried out take into account the non 
linearity response, the hysteresis, the temperature and frequency effects in a dynamic environment and 
TiO2 and PMAPTAC concentrations. 
 
 
2. Resistive Humidity Sensor Mechanism (RHSM) Design 
 
The sensing mechanism measures the change in electrical impedance, it absorbs the water vapor then 
ionic functional groups are dissociated, resulting in an increase in electrical conductivity. The 
impedance range of typical resistive elements varies from 100 to 100,000,000 Ohms. 
 
The resistive-type humidity sensing mechanism used for this modeling was fabricated by the in situ 
photopolymerization of TiO2 nanoparticles/polypyrrole (TiO2 NPs/PPy) and TiO2 
nanoparticles/polypyrrole/poly-[3-(methacrylamino)propyl] trimethylammonium chloride (TiO2 
NPs/PPy/PMAPTAC) composite thin films, our model contain tow mechanisms of this composite, the 
first is fabricated on a polyester (PET) substrate and the second on an alumina substrate. The effect of 
the TiO2 and PMAPTAC concentrations on the humidity sensing properties are investigated. 
 
The various compositions are shown in Table 1. The composite solution is coated, on an alumina and 
onto a PET substrate, with a pair of comb-like electrodes. Thus, a humidity sensor of the resistive-type 
was obtained (Fig.1). 
 
 

Table 1. Composition of the composite films used to prepare humidity sensors [data taken from 10-11]. 
 

Substrate Sample number Pyrrole (g) AgNO3 (g) TiO2 (g) PMAPTAC (g) 
1 0.125 0.0314 0 0 
2 0.125 0.0314 0.0012 0 
3 0.125 0.0314 0.0118 0 

Alumina 

4 0.125 0.0314 0.0480 0 
5 0.125 0.0314 0.0012 0 
6 0.125 0.0314 0.0118 0 
7 0.125 0.0314 0.048 0 
8 0.125 0.0314 0.048 0.008 

PET 

9 0.125 0.0314 0.048 0.08 
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Fig. 1. Structure of humidity sensor. 
 
 

In order to determine the humidity sensitivity of the humidity sensors, the resistance was measured as 
the humidity was increased from 30 % RH to 90 % RH at a constant temperature of 40 °C and a 
constant frequency of 1 kHz. Fig. 2 (a) represents responses curves of the humidity sensor samples  
1-2-3-4, (b) represents responses curves of the humidity sensor samples 5-6-7 and (c) represents 
responses curves of the humidity sensor samples 8-9 [10-11]. 

 
 

3. Analytical Model SM 
 
The experimental results were used [10-11] to create a database arranged as (Sub, Hys, T, F, TiO2, 
PMA, H, Z), where Sub is the substrate sensing mechanism type, Hys is the hysteresis, T is the 
environment temperature in the measurement point, F is the applied frequency, TiO2 is the TiO2 
concentration, PMA is the PMAPTAC concentration, H is the humidity applied to the SM, and Z is the 
SM response. Note here that, in our model, the input Sub takes the value of 0 for the alumina substrate 
and the value 1 for the PET substrate and the input Hys takes the value 0 for humidification and the 
value 1 for desiccation. In a second step we arrange the data into training, validation, and test subsets. 
One-fourth of the data are taken for the validation set, one-fourth for the test set, and half for the 
training set. The sets are picked as equally spaced points throughout the original data. It is important 
not to use any element of the test base and validation base throughout all training. These bases are 
reserved only for the final performance measurement [12]. 
 
 
3.1. Training 
 
The training phase requires a database, selecting the network architecture and finding the numbers of 
layers and neurons in each layer. However, since the neuron numbers in the input and output layers are 
determined by the input and output numbers of the system to be modeled, the SM has 7 inputs and 
only one output Z “Resistance”, the input layer has 7 neurons and only one neuron for the output layer. 
So that the ANN model accurately expresses the SM response variation, it is a question of finding the 
optimal parameters (number of the hidden layers, number of neurons by layer and transfer functions), 
so we proceed as follows: 
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(a) 
 

(b) 

 
 

(c) 

 
Fig. 2. Impedance vs. relative humidity (a) for samples 1–4 (b) for samples 5–7 (c) for samples 8–9 

(compositions are shown in Table 1), measured at 1 kHz (Inset) The result of the sensor of Ref. [10, 11]. 
 
 
1. Divide the available data into training, validation and test set 
2. Select architecture and training parameters 
3. Train the model using the training set 
4. Evaluate the model using the validation set 
5. Repeat steps 2 through 4 using different architectures and training parameters 
6. Select the best model and train it using data from the training and validation set 
7. Assess this final model using the test set. 
 
After many tests of different ANN models we considered MLP with two hidden layers, 13 neurons and 
the transfer function Logsig for the first layer, 17 neurons and the Transfer function Logsig for the 
second layer and the Transfer function Linear for the output layer. Fig. 3 (a) shows the symbolic 
notation of ANN optimized model and Table 1 summarized those parameters. 
 
We have made the neuronal network training for the database with the back propagation (BP) 
algorithm; Fig. 3 (b) shows the program flowchart. 
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(a) 

 
(b) 

 
Fig 3. Symbolic notation of the ANN optimized model (a); Training program flowchart (b). 

 
 
Note that the data loading is: training base, test base, number of layers and neurons, type of the transfer 
functions, number of iteration and estimate threshold. N is the number of iterations, MSE is the mean 
square error, Th is the estimate threshold “Test MSE” and the ANN parameters are the neuronal 
network element (Bni the bias matrix and Wnji the weights matrix). Finally we measure the model 
performance obtained with the test base. 
 
 

Table 2. Optimized parameters of the neural networks model. 
 

Training base 21,600 
Test base 10,368 Database 

Validation base 10,368 
Input layer 7 

1st hidden layer 13 
2nd hidden layer 17 

Number of Neurons 

Output layer 1 
1st hidden layer Logsig 
2nd hidden layer Logsig Transfer function 

Output layer Linear 
In (unit) T (°C) F (kHz) TiO2 (g) PMA (g) H (%) 

Max 35 100 0.048 0.08 90 Input 
Min 15 1 0 0 30 

log (Z/Ω) 
Max 7.7598 Output 
Min 1.9983 

Training MSE 10-4 (chosen by the user) 
Test MSE 9.589 10-4 (given by the Matlab) 
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3.2. Model Test 
 
The comparison between the initial database and that obtained after the training, using the test base, 
indicates that our model expresses accurately the response variation of the RHSM. Fig. 4 presents the 
model performance obtained for the sample 1, measured at 1 kHz at fixed temperatures 15, 25  
and 35 °C. 
 
 

 
 

Fig. 4. ANN model performance for the sample 1, measured at 1 kHz at fixed temperatures 15, 25 and 35 °C. 
 
 

4. Implementation ANN in PSPICE 
 
The SM was modeled using the ABM (Analog Behavioral Modeling) of the PSPICE library, each 
neuron of the ANN is replaced by one ABM which is characterized by the neuron equation, for 
example, the ABM 1 equation is: 
 

(1)

 
The equation exponential form is due to the choice of the transfer function in the first hidden layer, 
B11 is the first bias of the first hidden layer in the bias matrix “Bni”, W111- W117 are respectively the 
first-the seventh weight for the first hidden layer in the weights matrix ”Wnij”. 
 
 
5. SM Validation 
 
In order to validate the sensor introduced on PSPICE simulator, the SM is implemented in the 
electrical circuit as shown in Fig. 5(a) and the measurement circuit of sensor resistance is shown in 
Fig. 5(b). The sensor resistance Rs may be calculated with the equation: 
 
 

 
(2)
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Fig. 5. The humidity sensor electrical circuit (a); the measurement circuit of the sensor resistance (b). 
 
 

The temperature, the frequency and the PMA are fixed at 25 °C, 1 kHz and 0 (g) respectively when 
humidity is varying within the range 30 % to 90 %, for humidification (Hys=0) in the alumina 
substrate (Sub=0). A parametric SWEEP analysis, for the four concentrations values of TiO2 0, 0.0012, 
0.0118 and 0.048 (g) (concentrations values of samples 1-4) gives the results represented Fig. 6(a). 
 
A parametric SWEEP analysis, for the three temperatures 15, 25 and 35 °C, at fixed frequency of  
1 kHz when humidity is varying within the range 30% to 90%, for the sample 1 in humidification, 
gives the results represented in Fig. 6(b). 
 
The temperature, the frequency and the TiO2 are fixed at 25 °C, 1 kHz and 0.048 (g) respectively when 
humidity is varying within the range 30 % to 90 %, for (Hys=1) in the PET substrate (Sub=1).  
A parametric SWEEP analysis, for the tow PMA concentrations values of 0.008 and 0.08 (g) 
(concentrations values of samples 8-9) gives the results represented Fig. 6 (c). 
 
A parametric SWEEP analysis, for the three frequencies 1, 11 and 100 kHz, at fixed temperatures of 
25 °C when humidity is varying within the range 30 % to 90 %, for the sample 9 in humidification, 
gives the results represented in Fig. 6(d). 
 
These simulations indicate that our component, introduced in PSPICE simulator, expresses accurately 
the response variation of the SM compared to the [10-11] experimental results. Furthermore, this 
component can predict the responses for all temperature, frequency, hysteresis and different 
concentrations of TiO2 and PMAPTAC. 
 
 
6. Conclusions 
 
In this paper, we have proposed an electrical circuit used to optimize the TiO2 and PMAPTAC 
concentrations of a resistive humidity sensing mechanism. When the ambient temperature changes 
over a wide range, the nonlinear response characteristics of the SM undergo change in a complex 
manner. At different concentrations of TiO2 and PMAPTAC, a data points from the sensor 
characteristics were obtained. Those data were then used to train the MLP model using the back 
propagation algorithm. After training, the MLP, our model is able to estimate the sensor’s response for 
each substrate and hysteresis type, different TiO2 and PMAPTAC concentrations, temperature values 
and frequency values. It accurately expresses the SM nonlinear characteristics and its dependence on 
temperature. After that we use the bias matrix and the weights matrix obtained by training to establish 
our models on PSPICE simulator, which verified the sensors responses, by simulations results. This 
model can also predict the SM responses, for different temperature, frequency, hysteresis and 
concentrations of TiO2 and PMAPTAC. 
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(a) 

 

 
(b) 

 
(c) 

 
(d) 

 
Fig 6. (a) SM output for a parametric SWEEP analysis for sample 1-4 at fixed temperature and frequency 25 °C, 
1 kHz respectively (b) SM output for a parametric SWEEP analysis for the sample 1 at fixed frequency 1 kHz, 
for the temperatures 15, 25 and 35 °C (c) SM output for a parametric SWEEP analysis for sample 8-9 at fixed 
temperature and frequency 25 °C, 1 kHz respectively (d) SM output for a parametric SWEEP analysis for the 
sample 1 at fixed temperature 25 °C, for the frequencies 1, 10 and 100 kHz. 
 
 
References 
 
[1]. T. Islam 1, S. Ghosh, H. Saha, ANN-based signal conditioning and its hardware implementation of a 

nanostructured porous silicon relative humidity sensor, Sensors and Actuators, Vol. 120, March 2006,  
pp. 130–141. 

[2]. Kouda Souhil, Dibi Zohir and Meddour Fayçal, Modeling of thermal-conductivity of smart humidity 
sensor, IEEE SCS Conference, November 2008, pp. 1-4. 

[3]. Kouda Souhil, Dibi Zohir, Dendouga Abdelghani and Barra Samir, Optimization of a Novel Humidity 
Sensing Mechanism Strip Length, Sensors & Transducers, Vol. 104, Issue 5, May 2009,  
pp. 96-108. 

[4]. Kouda Souhil, Dibi Zohir and Meddour Fayçal, ANN Modeling of Resistive Humidity Sensor, ICEEDT 
Conference, November 2008, pp. 1-4. 

[5]. Burak Okcan, Tayfun Akin, A Low-Power Robust Humidity Sensor in a Standard CMOS Process, IEEE 
Transactions on Electron Devices, Vol. 54, November 2007, pp. 3071-3078. 

[6]. Jagdish, C. P., Adriaan, V. B., Modeling and development of an ANN-based smart pressure sensor in a 
dynamic environment, Measurement, Vol. 26, 1999, pp. 249-262. 



Sensors & Transducers Journal, Vol. 121, Issue 10, October 2010, pp. 1-9 

 9

[7]. Pasquale, A., Pasquale, D., Domenico, G., Linus, M., ANN-Based Error Reduction for Experimentally 
Modeled Sensors, IEEE Trans. Instrum. Meas, Vol. 51, 2002, pp. 23-30. 

[8]. José, M. A., Fernando, A., José, M. D., Hernández L., Hernández V., Moltó G., Combining neural 
networks and genetic algorithms to predict and reduce diesel engine emissions, IEEE Trans. EVol. 
Computat, Vol. 11, 2007, pp. 46-55. 

[9]. Sushanta, K. M., Shamik, S., Amit, P., ANN-and PSO-based synthesis of on-chip spiral inductors for RF 
ICs, IEEE Trans. Comput, Aid. Des. Int, Vol. 27, 2008, pp. 188-192. 

[10]. Pi-Guey, S., Lin-Nan, H., Humidity sensors based on TiO2 nanoparticles/polypyrrole composite thin films, 
Sens. Actuat. B: Chem, Vol. 123, 2007, pp. 501-507. 

[11]. Pi-Guey, S., Chia-Pin, W., Flexible humidity sensor based on TiO2 nanoparticles-polypyrrole-poly- [3-
(methacrylamino)propyl] trimethyl ammonium chloride composite materials, Sens. Actuat. B: Chem.,  
Vol. 129, 2008, pp. 538-543. 

[12]. Zagar, T., Krizaj, D., Electrical impedance of relaxed and contracted skeletal muscle, in Proceedings of 
Springer, IFMBE Conference, Ljubljana, Slovenia, Vol. 17, 2007, pp. 711-714. 

 
 

___________________ 
 
2010 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 

 

http://sensorapps.org/



 

 

 

 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  

  
  

GGuuiiddee  ffoorr  CCoonnttrriibbuuttoorrss  
  

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because it is an open access, peer 
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association 
(IFSA). In additional, some special sponsored and conference issues published annually. Sensors & 
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals 
Master List, Open J-Gate, Google Scholar, etc.    
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
  
• Physical, chemical and biosensors; 
• Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers; 
• Theory, principles, effects, design, standardization and modeling; 
• Smart sensors and systems; 
• Sensor instrumentation; 
• Virtual instruments; 
• Sensors interfaces, buses and networks; 
• Signal processing; 
• Frequency (period, duty-cycle)-to-digital converters, ADC; 
• Technologies and materials; 
• Nanosensors; 
• Microsystems; 
• Applications. 
 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts.  
 
 
Advertising Information 
 
Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit: 
http://www.sensorsportal.com/DOWNLOADS/Media_Kit_2009.pdf 




