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1. Abstract – This paper presents an experimental approach of establishing a digital communication
between two points using water pipes as infrastructure and low-cost piezoelectric based sensors.
A pipe network, that represents a common infrastructure used in water distribution, was installed in the
laboratory to carry out different set of tests in order to evaluate the best range of frequencies and different
digital communication modes. The tests were performed with two low-cost piezoelectric based sensors
connected to a laptop computer.
The results of the experimental tests determine that it is possible to establish a reliable communication in
the sound range between 2 and 3 kHz. This is considered as the first step for developing of a new family
of low-cost devices to remote control the water distribution network.
2. Introduction – Water distribution networks as well as electricity and gas networks, are a vital
infrastructure for today’s society. Numerous devices such as consumption meters, control elements,
sensors, etc., are installed within the distribution network to control and ensure the correct supply. These
devices and the distribution networks, should be monitored and reviewed periodically. However, this can
be difficult because most of the time it requires physical access and some places are relatively
inaccessible. That is why the use of devices that allow remote control labors with a minimum
maintenance, would suppose big benefits in terms of flexibility and cost.
Despite the extensive research in offshore subsea applications [1], [2], there has been very little research
on acoustic communication systems in water pipes, and the communication systems developed are of big
dimensions and expensive. Acoustic in pipes has been also widely studied, nevertheless, not for
communication purposes but for leakages detection [3-7].
The use of devices that, once located at the points of interest, allow the performance of supervision tasks
remotely, reduction of maintenance and costs, would make a breakthrough in terms of obtaining
information of the distribution network. These conditions impose three objectives to this new kind of
devices: to be able to work with a minimum energy consumption, to communicate secure and efficiently,
and to be manufactured at low cost.
Taking these objectives into account, this investigation is focused on the development an initial test of an
adequate communications system. This communications system is based on digital communication
mechanisms using sound waves and low-cost commercial hardware.
It must be taken into account that reverberation is the most important distortional factors of the acoustic
waves in pipes and different parameters such as pipe material, geometry, elbows, connections and valves,
as well as the length of the ramifications greatly affect the transmission properties [8-13]. Otherwise, for
minimizing energy consumption, thus reducing the maintenance costs is necessary that the
communications system to be extremely efficient in terms of energy expended per bit of transmitted
information.

3. Materials - For this research, a water distribution network was built in the laboratory and two low-cost
low
piezoelectric sensors specially adapted by researchers to use them to communicate through the water pipe
were used. The sensors were connected to audio input or output connections of a laptop.
The water distribution network was built with cast iron tubes with mortar inside (inner
(inner diameter: 100 mm,
mortar thickness: 3-44 mm, cast iron thickness: 5mm). This type of pipe is commonly used in water
distribution networks.
The laboratory network was provided with five openings for introducing devices and four valves for
modifying the physical characteristics of the network. A scheme of the network and a photography of a
section of the installation are shown in Image 1 and Image 2.

Image 1. Scheme of the network

Image 2. Section of the network installed at the laboratory
The sensors
sors used consist in a piezoelectric disk (see Image 3), commonly used inside loud-speakers,
loud
mounted in a copper capsule prepared to be connected
connected to the pipe openings (see Image 3).
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Image 3. Piezoelectric disc

4. Methodology – Two different set of tests were carried out in the network to evaluate, firstly the best
range of frequencies to transmit and received, and secondly the feasibility to transmit and receive data
using different common digital communication modes.
In both set of tests, a piezoelectric sensor used as transmitter was placed in position V1 (see Image 1), and
another piezoelectric sensor used as receiver was placed in different positions V2, V3 and V6 (see Image
1).
In the first set of tests, a sine sweep ranging from 20 Hz to 20 kHz was generated by the transmitter, in
order to obtain the frequency response received in different positions of the receiver.
Once obtained the best range of transmitting frequencies for all cases, a frequency was fixed to perform
the second set of tests to evaluate different communication modes.

5. Tests – The frequency response obtained in the different points is shown in the spectrograms of Image
4.

(a) Spectrogram at V2

(b) Spectrogram at V2

(b) Spectrogram at V4

(c) Spectrogram at V6

Image 4. Frequency response spectrograms
Each spectrogram shows the frequency responses for a sine sweep signal between 20 Hz and 20 kHz.
Without any attenuation the spectrograms should display a straight line between 20 and 20 kHz.
However, due to the attenuation, noise, reverberations and the characteristics of the sensors, only a few
frequencies of this line can be distinguished. Those frequencies are marked inside the red square box. The
frequencies outside the red square box are too weak and thus cannot be used to communicate reliably.
The best frequencies are between the sonic frequencies 2 and 3 kHz.
In the second set of tests, five radio digital modes were tested using a frequency of 2.5 kHz. These modes
correspond to two of the most simple and well know communication ones: QPSK and BPSK [14].
The worst case of transmission occurred when the receiver was in position V6, and for this case the
results obtained are shown in Table 1. Results also show that using the digital communication mode

QPSK the data transferred can be assured up to 31 bauds while using BPSK communication can be
assured up to 63 bauds.

Table I. Communication Results
Digital Mode
Error (%)
QPSK31
0
QPSK63
58
BPSK31
0
BPSK63
0
BPSK125
13
The results of this research show that it is possible to establish a digital communication network in water
distribution pipes using simple piezoelectric sensors and digital radio communication modes.
6. Acknowledgements – This research is included in the activities of the project SACIP (references
PC10-69-C1/2) that is funded by "Plan de Ciencia, Tecnología e Innovación (PCTI) de Asturias 20062009" and the "Programa Operativo Feder del Principado de Asturias 2007-2013".
7. References
[1] Proakis J. G., Sozer E. M., Rice J. A. and Stojanovic M., "Shallow water acoustic networks", IEEE
Communications Magazine, pp. 114–119, 2001.
[2] Freitag L. and Stojanovic M., "Acoustic communications for regional undersea observatories", Proceedings of
Oceanology International, London, U.K., 2002.
[3] Fuchs H.V., Riehle R., "Ten years of experience with leak detection by acoustic signal analysis", Applied
Acoustics, Vol. 33, pp.1–19, 1991.
[4] Liston D.A. and Liston J.D., "Leak detection techniques", Journal of the New England Water Works Association
Vol. 106, No. 2, pp. 103-108, 1992.
[5] Fantozzi M., Chirico G.D., Fontana E., Tonolini F., "Leak inspection on water pipelines by acoustic emission with
cross-correlation method", Annual Conference Proceeding, American, Water Works Association, Engineering and
Operations, San Antonio, Texas, pp. 609–621, 1993.
[6] Hunaidi O. and Chu W. T., "Acoustical characteristics of leak signals in plastic water distribution pipes", Applied
Acoustics, Vol. 58, pp. 235-254, 1999.
[7] Xuhui T., Yongbo L. and Longjiang Z., "Leak Detection of Water Pipeline Using Wavelet Transform and
Correlation Method", Journal of Environmental Technology and Engineering Vol.3, No. 2, pp.62-67, 2010.
[8] Fahy F., "Sound and Structural Vibration: Radiation, Transmission and Response", Academic Press, London, UK,
1985.
[9] Rama Rao V.N. and Vandiver J.K., "Acoustics of fluid-filled boreholes with pipe", Journal of Acoustical Society
of America, Vol. 105, No.6, pp. 3057-3066, 1999.
[10] Li Y., Harrold S.O. and Yeung L.F., "Model-based simulation for ultrasonic communication channel inside
pipeline", Proceedings of International Conference on Signal Processing Applications and Technology (ICSPAT’96),
Boston, USA, 1996.
[11] Aristegui C., Lowe M.J.S. and Cawley P., "Guided waves in fluid-filled pipes surrounded by different fluids",
Ultrasonics Vol.39, pp. 367-375, 2001.
[12] Long R., Lowe M.J.S. and Cawley P., "Attenuation characteristics of the fundamental modes that propagate in
buried iron water pipes", Ultrasonics, Vol. 41, pp. 509-519, 2003.
[13] Havlena V., "Communication for water distribution networks", US Patent Office, Patent no. US 6,626,042 B2,
2003.
[14] Martinez, P. “PSK31: A new radio-teletype mode with traditional philosophy”, RADCOM magazine, December
1998.

