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   I. Introduction 
WSN (Wireless Sensor Networks), one of the most 

popular topics in wireless and mobile networking, is 
gaining much interest as an innovative technology in the 
near future. Especially in UW-ASN (UnderWater-Acoustic 
Sensor Network), there are many potential applications that 
can be provided through the networks such as environment 
monitoring and undersea exploration [1]. But the 
peculiarities of the physical phenomena in ocean cause 
some challenges for the scientists in the field [2]. 

We will focus on introducing the design and 
implementation of an underwater modem and Preamble-
MAC (P-MAC) for UW-ASN system in Section 2, and 
analyze the results of the experiments in our test-bed in 
Section 3. The paper will conclude with the conclusion and 
future work in Section 4. 

 
II. Implementation 

This section describes the implementation of an 
underwater modem and P-MAC for UW-ASN. Figure 1 
shows devices and a water-proof housing case for UW-
ASN. 

 

Fig 1. Devices and a water proof housing case 
 

For the convenience and efficiency of our research and 
implementation, we developed separate boards for PHY 
layer and MAC layer respectively. For the physical 
interface between boards, SPI (Serial Peripheral Interface) 
is used. A software interface suitable for underwater 
environment is specified by referring to IEEE 802.15.4 
standard [3]. 

 
 
 

 
 

Table 1 shows the detailed description of the base board 
which contains P-MAC. We plan to integrate each board 
into one board later on. 

 
Table 1. Baseboard Specification 

Feature Description 

MCU PXA270 (ARM 9 core) 

OS Firmware 

MAC protocol Preamble-MAC 

MAC/PHY Interface SPI 

Battery 12 V, 7 AH, Pb 

 
II-1. Modem 
Figure 2 shows the block diagram and the implemented 

hardware of an underwater modem. At MCU, a PPDU is 
generated based on the PSDU from MAC layer. After D/A 
conversion and amplification, ultrasonic waves are emitted 
to a water medium. For data reception, acoustic signal is 
captured at the transducer, and then amplified, filtered and 
detected. Table 2 describes the detailed specification of the 
modem. 

 

 
Fig 2. Underwater modem 

 
Table 2. Modem Specification 

Feature Description 

Transducer ST-207 

MCU ATmega128 

Operating frequency 30 kHz 

Data rate/Frequency Up to 5 kbps 

Working range Up to 30 m 

 
The developed modem is tested in a water tank, a pond 

and the ocean. According to the experiments, the modem 
supports the maximum data rate of 5 kbps and the working 
range of 30 m. Table 3 shows the environment for the pond 

*This research was supported by the MKE(The Ministry of Knowledge 
Economy), Korea, under the ITRC(Information Technology Research 
Center) support program supervised by the NIPA(National IT Industry 
Promotion Agency (NIPA-2009-C1090-0902-0044) 

† Corresponding author 



 

and ocean tests. 
 

Table 3. Experimental Environment 
Feature Pond Ocean 

Distance from the coast - 1 km 

Dimension (L x W) 40 m x 60 m - 

Depth of water 1 ~ 5 m 20 m 

Depth of modem 1 m 1 m 

Wave height - Up to 1 m 

 
II-2. P-MAC 
We designed and implemented P-MAC which is 

adaptive and dynamic MAC protocol based on the status 
and variation of underwater channel and propagation delay 
from a sink node to sensor nodes in the same cluster which 
are able to be estimated through the consistently 
accumulated information on underwater channel and 
environment. 

Figure 3 shows the network topology of P-MAC for 
UW-ASN which is the structured one based on clustering 
scheme. 

 
Fig 3. Topology of P-MAC 
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Fig 4. Life cycle of P-MAC 
 

Figure 4 shows the life cycle of P-MAC which consists 
of as follows: 

 Preamble period : Sink nodes generate Preamble 
messages and broadcast them with constant time 
interval. Sensor nodes estimate the status and 
variation of channel with average receive rate and 
arrival time of received messages. 

 Organization period : Sensor nodes select a cluster 
and send the sink node in the selected cluster Join 
messages to join network after the differentiated 

random back-off time based on the level of virtual 
distance estimated with the status and variation of 
underwater channel. 

 Synchronization period : Sink nodes can estimate 
each sensor node’s propagation delay through arrival 
time of Join messages. With the information of 
channel and propagation delay, sink nodes make P-
MAC scheduling policies and generate beacon frames. 

 Superframe period : With the periodically transmitted 
beacon frame, sensor nodes consistently estimate the 
information of channel and transmit Data messages 
containing the information to sink nodes. Therefore 
sink nodes can keep the accumulated information of 
channel and propagation delay. 

 
III. Experiment in Test-bed 

Table 3 describes conditions of the experiment for 
performance evaluation of the developed modem and P-
MAC, and Figure 5 shows experiments in our test-bed. 

 
Table 4. Test-bed Setting 

Feature Description 

Water Tank 1.8 m x 1.8 m x 0.8 m 
(L x W x H) 

# of node 6 ea 
(Sink 1, GW 1, Sensor node 4)

Distance Between Nodes 30 ~ 100 cm 

Sensor EC 250 

 

 
Fig 5. Test-bed for UW-ASN 

 
IV. Conclusion and Future work 

We designed, implemented the underwater modem and 
P-MAC suitable for underwater environment for UW-ASN 
system and made the experiments on acoustic 
communication in our test-bed. We will constantly improve 
our research and works. 
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