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Fig. 20. Scenario of the experiment run during CommsNet12 on October 11,
2012.

water column, which results into more limited channel quality
dynamics. However, the interaction between acoustic signals
and TV surface conditions causes channel quality fluctuations,
albeit different in nature from those based on which we de-
rived our simulation results. As shown in Fig. 20, the network
consists of six devices: M4 and W1 are the source and the
sink, respectively, and the remaining four nodes are relays. The
distances among the source and the first row of relays, as well
as those from the latter to M1, are approximately 1 km. M1 is
around 500 m far from W1. The devices at M1, M2, M3, and
M4 are placed on a tripod on the sea bottom, whereas GW1 and
W1 have hanging receivers at 25 and 2 m below the surface,
respectively. The traffic model is the same as for simulations.
The deployment is chosen such that the sink and the source
could not communicate with each other, and relays could be
thought of as placed in cells of the same side , as in Fig. 6.
The experimental methodology consists in running one of the

routing protocols for an interval of time, which is short enough
to consider environmental conditions as stationary and at the
same time sufficiently long to collect meaningful statistics for
the networking metrics: this interval has been set to 10 min.
This approach was made possible thanks to the availability and
flexibility of the DESERT framework [23].
First, we ran flooding for 10 min. We observed that the most

used link wasM4–M1, which then reliably delivered the packets
toW1. Packets forwarded by the other relays were received sub-
sequently, without interfering with that from M1. Then, we ran
SUN for the next 10 min. During this phase, the device M1
stopped working, thus leaving only three relays: M2, GW1, and
M3. In this scenario, all three links are equally used and the bot-
tleneck is represented by the link to W1.
To perform a fair comparison, we postprocessed the data

so that M1 was not used during flooding. Results in terms of
average throughput, end-to-end delivery delay, and number

TABLE I
EXPERIMENTAL RESULTS FOR SUN AND FLOODING DURING COMMSNET12

of hops are shown in Table I. The transmission rate was 6
packets/min. Results confirm those obtained by simulation:
flooding outperforms SUN in terms of both throughput and
end-to-end delivery delay when data packets are short, only
one sink and one source exist in the network, and the topology
consists of sufficiently spaced nodes.

VII. CONCLUSION

In this paper, we considered the dynamics of the channel con-
ditions over a time scale that is relevant for networking proto-
cols. We computed the performance of two routing protocols by
simulation, considering TV and TI channel conditions, as well
as different packet lengths and number of retransmissions al-
lowed for each data packet in one of the two protocols. Average
throughput, end-to-end delay, and energy consumption metrics
were computed and analyzed as a function of different network
coverage areas, so as to gain insight on how spatial separation
as well as TV channel conditions play a role in determining and
comparing the performance of routing protocols.
Results showed that: 1) accounting for and measuring time

variability of the acoustic propagation conditions results in a
better understanding of the channel quality dynamics observed
during experiments at sea; 2) taking into consideration these dy-
namics provides a more accurate performance evaluation of net-
working protocols than considering TI channel conditions, as
done in the literature so far; and 3) protocols with low overhead,
such as flooding, outperform a source routing protocol in terms
of both throughput and energy consumption in typical UAN sce-
narios, as those considered in this paper. An evaluation of the
same metrics studied via simulation is also shown for SUN and
flooding in experiments at sea, whose results confirm the insight
gained by simulation.
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