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ABSTRACT
In this paper a new architecture for low-power Underwater
Wireless Sensor Network acoustic modems is presented. It
embeds two independent receivers: one FSK decoder based
on a µpower micro-controller and a WU receiver which is
able to monitor channel activity and synchronize the net-
work without time reference sharing (Asynchronous Wake-
Up). Although it has been proven that this synchronization
scheme saves lots of energy, only two acoustic modems are
enhanced to support this feature. In this paper it is shown
how one of this modems, the ITACA modem, tackles this
issue using one single transducer.

Categories and Subject Descriptors
C.2 [Computer-Communication Networks]: Network
Protocols.

General Terms
Underwater Wireless Sensor Networks, Physichal Layer, Wilkin-
son Divider, Asynchronous Wake-Up.

1. INTRODUCTION AND RELATED WORK
Underwater Wireless Sensor Networks (UWSN) are espe-

cially attractive in applications such as pollution monitoring
or offshore exploration, bringing an advantage in underwa-
ter installation and cable maintenance tasks. So far, most
reliable solutions employ acoustic signals and are able to
monitor areas of several kilometres [2].

Nodes in an UWSN are self-powered. In order to prolong
their life and reduce the network costs, it is recommendable
to halt (using low-power modes) node activity when no data
is being transmitted or received.

UWSN can save lots of power when an Acoustic-Triggered
Wake-Up (AT-WU) system is used [3], becoming near to
optimal. Using this approach, the node will remain sleeping
-saving battery energy- while it does not receive any pre-
defined wake-up signal.
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Figure 1: ITACA Modem Architecture

ITACA institute has developed a low-cost, low-power and
highly-efficient UWSN acoustic modem with AT-WU capa-
bilities: the ITACA modem [5]. It is inspired in micro-
controller based ultra-low power modems [4] and improves
the only existing AT-WU system so far [7].

In ITACA modem, up to three sub-systems are connected
to the same transducer in order to save costs (up to thou-
sands of USD): one transmitter, one high speed data re-
ceiver and one AT-WU receiver. This problem has been
never solved for acoustic modems since most of them only
include one transmitter and one receiver [2][4], and the only
modem with WU [7] uses two independent transducers for
transmission and reception.

Inspired in RF system designs [6], this paper presents an
optimal acoustic modem architecture. It can be updated at
any time with modern advantages in any of the proposed
blocks, but still with no performance degradation due to its
hardware architecture.

2. ITACA MODEM
The ITACA modem [5], provides transmission rates of 1

kbps (85 kHz centre frequency, 1 kHz bandwidth) in short/medium
distance applications. The modem only requires 11 µW on
stand-by and 24 mW in data reception mode – lowest re-
ported power requirement so far. The architecture proposed
in Fig. 1 presents slight deviations compared to the originally
proposed in the original version [5].

HUMMIMBIRD XP piezoelectric transducer used, has been
modelled using passive RLC circuit shown in Fig. 1(a).

Push-pull class-B-based digitally controlled amplifier (D-
PP-B) is used in ITACA modem (Fig. 1(b)). Measured ef-



Figure 2: Proposed Wilkinson Power Divider

ficiency is over 70% and 200 m communication distance has
been reached dissipating 108 mW @ 15 V.

Data receiver is formed by a high bandwidth efficient syn-
chronous FSK decoder and a 80 dB gain amplifier with ad-
ditional passband filtering (Fig. 1(c)).

2.1 Asynchronous Wake-Up system
In networks with Asynchronous Wake-Up systems, a mo-

dem is able to react to certain stimuli at any time. In the
case of acoustic UWSN this stimuli is a pre-defined acous-
tic signal. Most of the authors agree in reusing their own
modem acoustic interface to generate and transmit this sig-
nal. Therefore only a specific hardware circuit for the signal
decoding is actually needed.

The WU receiver must dissipate as little power as possible
since it remains always active waiting for the incoming pre-
defined signal. In the proposed modem, it only draws 9 µW
at 3 VDC [5]. WU receiver input impedance is 2 MΩ and a
capacitor should be connected in series to keep circuit bias.

3. WILKINSON POWER DIVIDER
This block is the main innovation presented in this pa-

per. Only one transducer is advisable to optimize modem
costs. Thus, all the elements related to signal transmis-
sion and receptions should be connected to it in an optimal
way: original transmitter and receivers efficiencies should be
maintained. In order to achieve this, the architecture shown
in Fig. 1 is proposed.

The presented power amplifier can be directly connected
to the selected transducer. In some other cases [1], simple
elements as Inductors (to measured capacitive behaviour)
can be used to maximize output power.

On the reception side, incoming signal power should be
split into two different ports with different electric charac-
teristics. Most reliable solution is the Wilkinson divider [6].
Nevertheless, attending to 85 kHz associated wavelength (≈
km), original RF circuit has been modified to use passive
components. The final circuit is shown in Fig. 2.

Since three different impedances are actually connected
to the three ports, this basic circuit would be upgraded
with different matching impedance elements as shown in Fig.
1(d). Moreover, to avoid high voltage levels (from TX am-
plifier) in the high sensitivity RX inputs, a voltage limiter is
used (Fig. 1(e)).

4. EVALUATION
The received voltage of each receiver port is shown in

Fig. 3. As can be seen, both ports present the same response
even though their input impedances are completely different.
To contrast these results, both receptors were directly con-
nected to the same transducer and the input voltage of one
of the receivers decreased significantly.

A prototype of the final ITACA modem has been imple-

Figure 3: Output Ports Voltage Level

mented to experimentally evaluate the different configura-
tions. After checking that both receptors can operate cor-
rectly if they are separated, our test showed that without
any matching network FSK receiver performance decreased.
This problem was solved using the proposed network.

5. CONCLUSIONS
This paper tackles for the first time the connection of one

transmitter and two receivers to the same acoustic trans-
ducer in an UWSN modem with AT-WU enhancement.

The final system has been evaluated with both the simu-
lation results using parameters obtained from real hardware
and with several experiments employing prototypes.

The proposed architecture will be used in future work to
develop new acoustic modems oriented to other most de-
manding applications as multi-media streaming.

6. ACKNOWLEDGEMENTS
The authors gratefully acknowledge financial support from

the CICYT (research projects CTM2011-29691-C02-01, TIN2011-
28435-C03-01)

7. REFERENCES
[1] B. Benson. Design of a Low-cost Underwater Acoustic

Modem for Short-Range Sensor Networking
Appications. PhD thesis, University of California, San
Diego, 2010.

[2] L. Freitag, M. Grund, S. Singh, J. Partan, P. Koski,
and K. Ball. The WHOI Micro-Modem: An Acoustic
Communications and Navigation System for Multiple
Platforms. In Proceedings of OCEANS 2005
MTS/IEEE, pages 1086–1092.

[3] A. F. Harris, M. Stojanovic, and M. Zorzi. When
underwater acoustic nodes should sleep with one eye
open. In Proceedings of the 1st ACM international
workshop on Underwater networks - WUWNet ’06,
pages 105–108.

[4] G. S. Parsons, S. Peng, and A. G. Dean. An ultrasonic
communication system for biotelemetry in extremely
shallow waters. In Proceedings of the third ACM
international workshop on Underwater networks -
WuWNeT ’08, pages 99–102.

[5] A. Sanchez, S. Blanc, P. Yuste, A. Perles, and J. J.
Serrano. An Ultra-Low Power and Flexible Acoustic
Modem Design to Develop Energy-Efficient Underwater
Sensor Networks. Sensors, 12(6):6837–6856, May 2012.

[6] P. Vizmuller. RF Design Guide Systems, Circuits and
Equations. Artech House, 1995.

[7] J. Wills, W. Ye, and J. Heidemann. Low-power acoustic
modem for dense underwater sensor networks. In
Proceedings of the 1st ACM international workshop on
Underwater networks - WUWNet ’06, pages 79–85.


