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Abstract— Building upon the point-to-point data transmission, II. PROJECTDEMONSTRATION

we have designed and experimented a three-node underwater . . .

relay network. We considered two scenarios for generating We demonstrated our prOjgct at the ECE senior design dgy,
messages. In the first Scenario7 a message input from the gﬂap Dec. 7, 2007, at the Un|VerS|ty Of Connecticut. The teStL‘Ed |
user interface can be transmitted to any specified destinath in  depicted in Fig. 1. Visitors were invited to type messages to
the network. In the second scenario, a motion sensor is attaed pe forwarded to any specified destination. Placing an olastac
to one node for continuous motion monitoring. Once an event ;4 the front of the motion sensor would trigger an alert

is detected, an alert message is generated and broadcast tret hich Id be broadcast to th hol twork
whole network. We have tested the three-node network inawat ~ M€SSage, which wou € broadcast 10 the whole network.

tank and in a lake. The demonstration was done in the water tank. However, we
Index Terms— Underwater acoustic communication, multicar- have also tested the three-node network in the Mirror lake
rier modulation, relay, sensor network at the Storrs campus, where three nodes were placed on a

straight line and with distance one meter apart betweensode

Successful transmissions were achieved in both settings.
|. INTRODUCTION

[1l. DESIGN CONSIDERATIONS

Recently, there has been a growing interest in monitoring packet Design
aqueous environments (including oceans, rivers, lakesigo . . _ .
and reservoirs, etc.) for scientific exploration, commnerci. For convenience, we use byte as the basic unit in design-

exploitation, and protection from attacks. The ideal vighic'"Y the pa:jck?t struc(t)uFreD,Mazlshl?WPtrl]n Tz;ble_ I.I IIEach p?}‘?kﬁt
for this type of extensive monitoring is a networked undefCr'esponas to one ock at the physical layer, whic

water wireless sensor distributed system, referred to as pports a data stream of 3.1 kbps with a _5'5 kHz bandwidth
Underwater Wireless Sensor Network (UWSN) [1], [2]. ]. The packet header has 6 bytes. The first three bytes are

A senior design team at the University of Connecticul{SeOI for the routing protocol as they specify the next hop

has established a computer-based prototvpe of a mul'écarraddress’ the source address, and the destination addhess. T
: P P ype ) Hext three bytes are used for data transport, in that thegifgpe
acoustic modem, and demonstrated the point-to-point d

L o ) o %% sequence number, how many packets transmitted in one
communication both in air and in a water tank [3]. Buildin q yp

upon the point-to-point links, the aim of this project is t(?élata burst, and how many useful bytes in the last packet. Each

. acket has 77 bytes as the payload data. The last byte is used

establish a three-node relay network, where a message froma .
o s . for cyclic-redundancy-check (CRC).

source can be transported to any specified destinationrwithi

the network. We considered two scenarios for generating TABLE |
messages. In the first scenario, a user can type a message with THE PACKET STRUCTURE
the graphic user interface and specify the desired destmat .
In the second scenario, a motion sensor is attached to one_—€!d # of Byte(s): | Purpose:

. . L . msgNext 1 | Next hop address
node for continuous motlon_ monitoring. Once an event is | ysgsrc 1 | source address
detected, an alert message is generated and broadcast to themsgDest 1 | Destination address
whole network. msgSeqNo 1 | Sequence number

. . msgNoPack 1 | Number of Packets
For the three-node network, we use a static routing table | msguseful 1 | Useful no. of bytes in last packet

to list the routing path for each possible source-destimati msgData 77 | Data Bytes in this packet
pair. When receiving a message, each node checks the sourceMS9E" 1 | End of packet byte

and destination field, and then looks up the routing table to
decide the next-hop transmission. We first tested the thr%‘?'Graphic User Interface

node design in a water tank at the UWSN lab, and then |n_|_h hical interf Gul i dto h
the Mirror lake at the Storrs campus of the University of Ne grapnical user interface (GUI) is used to ave users
Connecticut. easily communicate and test the network, as shown in Fig. 2.

The interface allows for quick adjusting of several pararst

*More details can be found at the website of our senior desigieqt: InCIUdmg' )
http://www.engr.uconn.edu/ece/SeniorDesign/projecesdss/ o Number of OFDM subcarriers
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Fig. 1. The three-node testbed using the water tank

« Center frequency (Hz) the sensor is less than the threshold, a motion alert megsage
« Guard time between data packets generated and broadcast from the sensing node to other nodes
« Synchronization sequence duration in the network. A sample alert message would read as follows,

« Pause time between synchronization sequence and ffidbtion Alert! Time: 11:30:09, Dist: 0.23m".
data packet

« Number of packets per transmission IV. LESSONSL EARNED

« Correlation threshold

« Channel length We next present some useful experience accumulated during
« Trigger value the project development.

« Partition buffer

A user can type the message through the GUI. Furthéy, Relay Testing
the user can specify the source and the destination for eac
message. After collecting the relevant inputs, the nod&doo
up the routing table to decide the next hop. Then, it forms
data burst, which may consists of multiple packets, to trans

i1’he main problem we faced during the tests of the relay
network was the hardware inconsistency. We used different
MRanufacturers for the three laptops and thus some paraneter
such as power level and synchronization correlation thoiesh

C. Routing needed to be changed for different laptops. This is due to the

Since there are only three stationary nodes in the netwo|rrl1(con3|sten0|es on the sound cards from different computer

. ) . . manufacturers. Eventually, we learned which signal levels
we use a static routing table that lists the routing pathsafor . )
. 2 ; ere best for each laptop as a receiver and as a transmitter.
possible source-destination pairs. For example, we plaee

three nodes on a straight line, and label them as A, B, and simple fix would b_e to_ purchase laptops from the same
: . manufacturers to avoid this concern.

respectively. If node A generates a message with the source

field as A and the destination field as C, then the next-hop is

node B in the routing table for the (A,C) source-destinatio: 12Nk vs. Lake

pair. The static routing table needs to be updated when therank is a confined area and lake is open. For the testings in
network topology changes. the water tank, because of the relatively short distanbeset
D. Motion Sensing was the concern of self_interference due to direct arrivats a
) ) relayed messages. During the test, we made sure the second
To emulate a surveillance scenario, we attach an ultrasogj¢y third messages received were neglected as they may have
motion detector with a USB interface to one node; the motiqRtervened with our true initial message. For lake testings
sensor is shown in the left part of Fig. 3. The motion sensgfe ynexpected distress we faced was external disturbances

accurately measures distances as near as 15 cm and as fap@gifically the flock of ducks that fluttered nearby causing
6 m. The motion sensor is set to measure the distance of 4fhoyance and interruption to the audio signal.

object in its path and communicates the data in real timedo th

computt_ar, taking one data sample per _second. We were una(li’.lq\/lotion Sensor

to acquire the motion sensor data directly from the sensor

into the MATLAB environment, so we designed a LabVIEW Our motion sensor does not interact directly with MATLAB.
virtual instrument to accept the raw data from the sensor aiée could have conducted a better search in finding a motion
print it to a text file which is read by the MATLAB code. sensor that would work directly with MATLAB. The intro-
The LabVIEW layout is shown in the right part of Fig. 3.duction of the LabVIEW workaround creates a less compact
The MATLAB program compares the object distance from th&oftware package and introduces unavoidable time delays an
sensor to a pre-set threshold value. If the object distarwe f sluggishness of the overall program.
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V. CONCLUSIONS

Left: The motion sensor; Right: The LabVIEW layout fecording the motion sensor output into a text file

support, and the ONR YIP grant NO0014-07-1-0805 for the

Our senior design project has implemented a three-ndgvel support.

network where one node can transmit messages to any speci-

fied destination in the network with possible message rela 3
In addition, a motion sensor is attached to one node fi !
continuous motion sensing. Once an event is detected, &n ale
message is generated and broadcast in the network.
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