
A neural network approach to fluid quantity measurement
in dynamic environments

Edin Terzic a,⇑, Romesh Nagarajah b,1, Muhammad Alamgir a,2

a Delphi Corporation, 86 Fairbank Road, Clayton Sth, VIC 3169, Melbourne, Australia
b Swinburne University, Burwood Hwy, Hawthorn, VIC 3122, Melbourne, Australia

a r t i c l e i n f o

Article history:
Received 14 February 2010
Accepted 30 September 2010
Available online 27 October 2010

Keywords:
Smart capacitive sensor
Accurate fluid quantity measurement
Liquid slosh
Backpropagation neural network
Signal smoothing

a b s t r a c t

Sloshing causes liquid to fluctuate, making accurate level readings difficult to obtain. In this paper, a mea-
surement system has been described that can accurately determine fluid quantity in the presence of
slosh. The measurement system uses a single-tube capacitive sensor to obtain instantaneous level of
the fluid surface. A neural network based classification technique has been applied to predict the actual
quantity of the fluid under sloshing conditions. Effects of temperature variations and contamination on
the capacitive sensor have been discussed and it is proposed that these effects can also be eliminated
with the proposed neural network based classification system. To examine the performance of the clas-
sification system, many field trials were carried out on a running vehicle at various tank volume levels
that range from 5 L to 50 L. The paper also investigates the effectiveness of signal enhancement on the
neural network based signal classification system. Signal enhancement is performed using selected signal
smoothing functions such Moving Mean, Moving Median, and Wavelet filters. Results obtained from the
investigation are compared with traditionally used statistical averaging methods, and it proved that the
neural network based measurement system can produce highly accurate fluid quantity measurements in
a dynamic environment. The approach demonstrated herein will enable a wide range of fluid quantity
measurement applications in the fields of automotive, naval and aviation industries to produce accurate
fluid level readings.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In the design of sensors, it is important to consider the robust-
ness of the sensors as well as their accuracy in the target operating
environment. In real-life situations, sensors have to face the chal-
lenges of dynamic variations in temperature, humidity, vibration,
corrosion and contamination, etc. In many consumer and industrial
applications, these dynamic changes in the environmental factors
can abruptly change from one state to another, which can adverse
the properties of the sensors, thus making them useless thereafter
or even hazardous. Any change in the physical properties of the
sensor or its ambient environment can affect the accuracy of the
measurement system. To provide increased robustness and better
confidence in the sensor accuracy, sensor industries are focusing
on developing more intelligent sensors with digital signal process-
ing advantages. This paper describes an intelligent fluid quantity
measurement system using a signal capacitive sensor. The paper

uses a fuel level measurement application in automotive vehicles
to exemplify the dynamic environment. In brief, the measurement
system described in here incorporates artificial intelligence to pro-
vide highly accurate fuel level measurements in a running vehicle.
The paper provides a systematic approach for the analysis and
improvement of the sensor readings that are influenced by the
environmental parameters by adopting the artificial neural net-
work based signal processing technique. Furthermore, it will en-
able automotive, naval and aviation industries to obtain highly
accurate fluid level readings, as well as to monitor fuel consump-
tion and determine possible leaks in fluid containers. In particular,
the neural network based method is suitable for use in professional
car racing where vehicle is subjected to a highly dynamic manoeu-
vres. Drivers of cars equipped with this measurement method can
confidently drive higher number of laps without fear of running
out of fuel in situations where fuel level in the tank is low.

The existing fuel level sensor technology in automotive vehicles
is mainly based on resistive type potentiometers, where the
resistance value of the potentiometer changes with the fluid level.
These sensors are mechanical devices that are prone to wear and
corrosion [1]; therefore, they have limited functional life.
Capacitive sensors are non-mechanical sensors hence they are
being used to replace traditional mechanical sensors. The electrical

0957-4158/$ - see front matter � 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.mechatronics.2010.09.011

⇑ Corresponding author. Tel.: +61 3 9239 2148; fax: +61 3 9551 8764.
E-mail addresses: edin.terzic@delphi.com (E. Terzic), rnagarajah@swin.edu.au

(R. Nagarajah), muhammad.alamgir@delphi.com (M. Alamgir).
1 Tel.: +61 3 9214 8530.
2 Tel.: +61 3 9239 2169.

Mechatronics 21 (2011) 145–155

Contents lists available at ScienceDirect

Mechatronics

journal homepage: www.elsevier .com/ locate/mechatronics

http://dx.doi.org/10.1016/j.mechatronics.2010.09.011
mailto:edin.terzic@delphi.com
mailto:rnagarajah@swin.edu.au
mailto:muhammad.alamgir@delphi.com
http://dx.doi.org/10.1016/j.mechatronics.2010.09.011
http://www.sciencedirect.com/science/journal/09574158
http://www.elsevier.com/locate/mechatronics

