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ABSTRACT

The impact of the characteristics of the sensors used for electronic nose (e-nose) 
systems on the repeatability of the measurements is considered. The noise per-
formance of the different types of sensors available for e-nose utilization is first 
examined. Following the theoretical background, the probability density functions 
and power spectra of noise from real sensors are presented. The impact of sensor 
imperfections including noise on repeatability forms the basis of the remainder of 
the chapter. The impact of the sensors themselves, the effect of data pre-processing 
methods, and the feature extraction algorithm on the repeatability are considered.

DOI: 10.4018/978-1-61520-915-6.ch004



Noise and Repeatability of Odorant Gas Sensors in an E-Nose  103

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

INTRODUCTION

An electronic nose (e-nose) is composed of a gas sensor array and corresponding 
signal processing and pattern recognition algorithms. It is capable of mimicking the 
olfaction system of humans and mammals, and recognizing odorant gases. E-noses 
are more and more widely used in environmental monitoring, food production, 
and medicine such as odor evaluation (Xu et al., 2008; Pearce, 2003; Gardner & 
Bartlett, 1999; Schiffman, Bennett. & Raymer, 2001). The response of all sensors in 
an e-nose together constitutes a unique profile that gives the “fingerprint” of odor. 
The gas sensors of an e-nose have several salient features. The sensors in the array 
interfere with each other and different sensor types are used, some of which have 
large heating current and power dissipation. Some of the sensors require amplifiers 
with an extremely high input impedance (e.g. higher than 1011 Ω) that makes them 
susceptible to interference. Sensors may have large dynamic currents that produce 
electromagnetic disturbance to the output of other sensors in the same array. Limita-
tions of the gas sensors include sensitivity to temperature and humidity, with shifting 
baselines with time and high noise levels at the sensor outputs. The accuracy and 
repeatability of gas sensor response is heavily affected by the above factors.

NOISE FEATURES IN THE ODORANT GAS SENSORS

The noise from the sensor array comprising of several odorant gas sensors may result 
in inaccurate cluster analysis of the tested material (Goodner, Dreher & Rouseff, 
2001). In our experiments, it is observed that the noise of gas sensors cannot be 
ignored. In the worst case, the noise magnitude may be some 20% of the signal 
magnitude of particular sensors. This section considers the noise features of several 
typical gas sensors used in the e-nose developed in our research laboratory (shown 
in Figure 1), including their probability distribution functions (pdfs) and power 
spectrum estimation, which are essential in noise cancellation (Wang & Zhang, 
2002; Biswal, DeYoe, & Hyde, 1996; Friedrichs, 1995) and odor analysis by noise 
power spectrum (Solis, et al., 2001).

Typical Gas Sensors and Their Noise

Resistive Gas Sensors

The resistive gas sensors we studied are of MOS (Metal-Oxide Semiconductor) such 
as tin dioxide. Figure 2 shows a typical sensor circuit and its interface diagram. Pins 
2 and 5 are connected to the heater of the sensor, and the resistance between Pins 



 

 

21 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/noise-repeatability-odorant-gas-

sensors/52450

Related Content

English to Hindi Machine Translation System in the Context of Homoeopathy

Literature
Pramod P. Sukhadeve (2016). International Journal of Artificial Life Research (pp. 46-

62).

www.irma-international.org/article/english-to-hindi-machine-translation-system-in-the-context-of-

homoeopathy-literature/177184

Last-Position Elimination-Based Fireworks Algorithm for Function

Optimization
JunQi Zhang, JianQing Chenand WeiZhi Li (2020). Handbook of Research on

Fireworks Algorithms and Swarm Intelligence (pp. 43-55).

www.irma-international.org/chapter/last-position-elimination-based-fireworks-algorithm-for-

function-optimization/252901

From the Real Ant to the Artificial Ant: Applications in Combinatorial

Optimization, Data Clustering, Collective Robotics and Image Processing
Moussa Diaf, Kamal Hammoucheand Patrick Siarry (2010). Nature-Inspired

Informatics for Intelligent Applications and Knowledge Discovery: Implications in

Business, Science, and Engineering  (pp. 298-322).

www.irma-international.org/chapter/real-ant-artificial-ant/36321

A Holistic-Based Multi-Criterion Decision-Making Approach for Solving

Engineering Sciences Problem Under Imprecise Environment
Syed Abou Iltaf Hussain, Sankar Prasad Mondaland Uttam Kumar Mandal (2018).

Handbook of Research on Modeling, Analysis, and Application of Nature-Inspired

Metaheuristic Algorithms (pp. 298-330).

www.irma-international.org/chapter/a-holistic-based-multi-criterion-decision-making-approach-

for-solving-engineering-sciences-problem-under-imprecise-environment/187692

Towards Automated Verification of P Systems Using Spin
Raluca Lefticaru, Cristina Tudoseand Florentin Ipate (2011). International Journal of

Natural Computing Research (pp. 1-12).

www.irma-international.org/article/towards-automated-verification-systems-using/58062

http://www.igi-global.com/chapter/noise-repeatability-odorant-gas-sensors/52450
http://www.igi-global.com/chapter/noise-repeatability-odorant-gas-sensors/52450
http://www.igi-global.com/chapter/noise-repeatability-odorant-gas-sensors/52450
http://www.irma-international.org/article/english-to-hindi-machine-translation-system-in-the-context-of-homoeopathy-literature/177184
http://www.irma-international.org/article/english-to-hindi-machine-translation-system-in-the-context-of-homoeopathy-literature/177184
http://www.irma-international.org/chapter/last-position-elimination-based-fireworks-algorithm-for-function-optimization/252901
http://www.irma-international.org/chapter/last-position-elimination-based-fireworks-algorithm-for-function-optimization/252901
http://www.irma-international.org/chapter/real-ant-artificial-ant/36321
http://www.irma-international.org/chapter/a-holistic-based-multi-criterion-decision-making-approach-for-solving-engineering-sciences-problem-under-imprecise-environment/187692
http://www.irma-international.org/chapter/a-holistic-based-multi-criterion-decision-making-approach-for-solving-engineering-sciences-problem-under-imprecise-environment/187692
http://www.irma-international.org/article/towards-automated-verification-systems-using/58062

