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I. INTRODUCTION

Underwater networks have attracted significant scientific
attention over the last years. They can be used for a wide
range of applications like environment monitoring, navigation
systems, raw material exploration, or maintenance of under-
water infrastructure [1], [4]. In addition, there are specific
tactical applications such as anti-submarine warfare (ASW)
with multistatic sonars [5]. Such applications differ from
the common ones in their mobility and diversity of used
platforms: Ranging from buoyes over Unmanned Underwater
Vehicles (UUVs) to submarines and vessels with acoustic
communication devices.

Independent of the underwater scenario considered, the
acoustic communication channel introduces challenges un-
common in most terrestrial networks. In consequence, under-
water networks that use this channel show specific character-
istics such as:

• high error probabilities
• long propagation delays
• very limited data rates

Furthermore, deploying and operating nodes is usually quite
expensive. Underwater networks typically consist only of a
limited number of nodes. These nodes can be deployed in a
quite large area. Therefore, these networks are sparse with
potentially long distances between single nodes. Given these
restrictions direct communication between any two nodes is
not always possible. A solution to these challenges is to
realize a multi-hop network. Each node may act as relay and
retransmit packets for its neighbors. One of the key challenges
in multi-hop networks is routing: Which packets should be
retransmitted when by whom.

For terrestrial multi-hop networks different approaches have
been developed. In this paper, we analyze the performance of
different terrestrial routing protocols for multi-hop wireless
networks in an underwater application. We assume a simple
Pure Aloha MAC-Layer and a circular propagation model
with a constant sound velocity profile. Since we have tactical
scenarios in mind, high throughput, short delays and low
packet loss are more important for us than other issues like
saving energy.

II. ROUTING APPROACHES

One simple approach is simple flooding. Each node retrans-
mits each message received once again. Although this strategy
may work in some cases in general it is very inefficient as
the duplicates may cause the so-called broadcast-storm [8].
The more complex approaches for multi-hop wireless networks
are classified in proactive and reactive protocols. In proactive
protocols like the Optimized Link State Routing Protocol
(OLSR) [2] or the Simplified Multicast Forwarding (SMF)
[7] each node always is aware of routes to all other nodes
reachable. This is achieved by frequent exchange of topology
information. If a route exists, the data transfer can start without
further delay. The price for this quick response is an additional
network load caused by the topology information exchanged.
Reactive protocols like the Ad Hoc On-Demand Distance
Vector (AODV) [12] or the On Demand Multicast Routing
Protocol (ODMRP) [6] search for a route only on demand.
This strategy implies an initial route search. If a route can be
found, the data is send along this route. By doing so, there
is an extra delay for the message exchange. The advantage of
this approach is less load.

III. SIMULATION SETUP AND PROTOCOL
PARAMETRIZATION

We evaluate the performance of SMF and ODMRP in
comparison to simple flooding in two simple but realistic
tactical scenarios. In our first scenario (Figure 1) we consider a
chain of nodes. A node from one end of the chain sends data to
the other end. This may be used to increase the communication
range of underwater units which use previously deployed
nodes as relays.
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Fig. 1. Chain scenario with 5 nodes
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The second scenario represents a choke point observation
(Figure 2). Such a scenario may be interesting for detecting
and tracking of ships or underwater units (e.g. submarines) in
sea straits like the Strait of Gribaltar or the English Channel.
Once again a bunch of nodes is placed as chain along the choke
point. Mounted sensors send data periodically to a gateway
node which forwards the data to a basestation via a highspeed
connection. The difference to the first scenario is in the
generated traffic. The sensors (e.g. sonar or magnetic sensors)
produce sensor data which is forwarded to a basestation. Thus,
the load in the network is much higher since all nodes generate
packets.
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Fig. 2. Choke point scenario with n-1 nodes in a chain and the relay

Since medium access [1], [3], [13] is still under heavy
research we assume one of the simple solution available: Pure
Aloha MAC protocol and a single communication channel.

The simulations are performed using the ns-2 [11] with
the extension nsMiracle [9] and its underwater addon [10].
We used our own SMF and ODMRP implementations. The
parameters of the protocols were adjusted for underwater
networks. Details are provided in table I.

Parameter Value

MPRF
HELLO INTERVAL 250s
REFRESH INTERVAL 1000s
NEIGHB HOLD TIME 3000s
MAXJITTER (Chain Scenario) 0s
MAXJITTER (Choke Point Scenario) [0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6]s

ODMRP
ROUTE REFRESH INTERVAL 150s
FORWARDING GROUP TIMEOUT 250s

TABLE I
PROTOCOL PARAMETER

The channel is modeled in a way that there is a packet
loss of 0.01% on average on the channel exclusively used
and a 5km source-destination distance for 128byte packets.
By doing so there is an average throughput along this link of
around 3735bit/s. Please note that this value is quite optimistic
compared to our experience based on experiments. However,

we base on the models provided by [10]. For the future we
plan to examine this issue in detail.

We analyzed different chain lengths with 3, 4, 5, 6, and 10
nodes including the sender and receiver node. Additionally,
we analyzed spacings of 2.5km and 5km between the nodes in
the chain and four different sending periods for a constant bit
rate (CBR) stream (0.275, 0.6, 1 and 60s) with 140byte/packet
(100byte payload and 40byte for UDP and MAC header).

IV. EVALUATION RESULTS

Detailed results for both scenarios will be presented in the
poster. In general, we conclude:

• The delay does not increase dramatically with reactive
protocols.

• Proactive protocols may show excellent results if enough
bandwidth for topology information exchange is avail-
able.

• Under high load any routing approach seems to fail
because of the loss of routing packets.

• The throughput does not decrease significantly with the
number of hops along a route.

• Unwanted synchronizations of periodic senders using
Pure Aloha MAC may lead to nearly full packet loss.
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