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Abstract - This paper reports progress within the 
AUSNET (Autonomous Undersea Systems Network) 
program.  AUSNET addresses the need for ad-hoc self 
forming networks that can operate in the low-bandwidth 
undersea environment.  The AUSNET program has 
focused on creation of a network capability based on 
Dynamic Source Routing (DSR), including the 
Application Programmer’s Interface (API) between the 
network drivers and the autonomous undersea 
applications using these drivers.  The capability has been 
tested within the Cooperative AUV Development 
Concept (CADCON) simulation environment, and self 
forming and adaptive network capabilities have been 
demonstrated.  Additionally, the incorporation of dead-
reckoning algorithms into the AUSNET protocol has 
resulted in a dramatic reduction in the number network 
routing packets required to support the self-forming 
network, thus enabling improved performance and 
releasing bandwidth for content (as opposed to network 
support) data transmissions.  Current efforts are focused 
on transition into an operational environment. The final 
objective of the AUSNET program is to provide a network 
capability that will enable the AUV community to achieve 
interoperability both rapidly and cost effectively. 
 
I. INTRODUCTION  
 
AUSNET (Autonomous Undersea Systems Network) is an 
NSF funded STTR Phase 2 program addressing network 
protocols for undersea communications.  The effort is being 
performed by Technology Systems, Inc. (TSI) of Wiscasset, 

Maine, and the Autonomous Undersea Systems Institute 
(AUSI) of Lee, NH.  The program is in its third year.  This 
effort has been sponsored by the National Science 
Foundation under NSF Grant #DMI-0132084 and the 
Office of Naval Research under ONR Contract #N00014-
04-C00094. 
 
Autonomous undersea systems require communication 
networks in order to work cooperatively towards common 
goals.  The underwater environment, however, presents 
profound constraints on communication bandwidth. 
Furthermore, traditional protocols have the limitation of not 
being optimized to support a dynamically evolving 
topology of truly semi-autonomous networked robots.  
Emerging flexible low bandwidth, energy efficient 
architectures and protocols will enable more effective 
networked subsurface robotic capabilities to be possible.  
The interface between these emerging capabilities and the 
applications that might use them is an area that is 
underdeveloped yet critical for optimum network system 
engineering.   
 
Applications for such an underwater network are limitless.  
The ability to form acoustic ad-hoc (self-forming, self-
maintaining) networks from an assorted collection of 
platforms, ranging from simple sensors to unmanned 
autonomous vehicles to manned submersibles, would allow 
a richly interactive environment for data collection, 
surveillance, data distribution and collaborative planning 
and processing. 
  



Traditional existing architectures for distributed control of 
robotic and/or sensor systems have assumed a fixed, high 
bandwidth environment.  This has enabled adaptive 
communications architectures to be evolved which support 
powerful distributed applications such as distributed 
simulations, supercomputer based analysis of distributed 
databases, and so forth.  While current network based 
distributed computing techniques exist (e.g. CORBA, 
HLA), they are characterized by high bandwidth 
requirements.  In this regard, these techniques are ill suited 
to the underwater domain.  The environment in which 
autonomous undersea systems must operate is 
fundamentally different due to the low bandwidth inherent 
to undersea communications systems. 
 
Phase 1 
 
The AUSNET project focuses on the development of an 
Application Programmer's Interface (API) coupled to a 
communications stack tailored to support ad-hoc networks.  
As part of the Phase I effort, we identified DSR (Dynamic 
Source Routing) as a potential communications stack 
protocol.  DSR is a draft internet standard that will support 
ad-hoc networks by enabling the network to be completely 
self-organizing and self-configuring. The following is 
copied from the abstract of the most a DSR Internet Draft: 
 

“The Dynamic Source Routing protocol (DSR) is a 
simple and efficient routing protocol designed 
specifically for use in multi-hop wireless ad hoc 
networks of mobile nodes.  DSR allows the network to 
be completely self-organizing and self-configuring, 
without the need for any existing network 
infrastructure or administration.  The protocol is 
composed of the two main mechanisms of "Route 
Discovery" and "Route Maintenance", which work 
together to allow nodes to discover and maintain 
source routes to arbitrary destinations in the ad hoc 
network.  The use of source routing allows packet 
routing to be trivially loop-free, avoids the need for 
up-to-date routing information in the intermediate 
nodes through which packets are forwarded, and 
allows nodes forwarding or overhearing packets to 
cache the routing information in them for their own 
future use.  All aspects of the protocol operate entirely 
on-demand, allowing the routing packet overhead of 
DSR to scale automatically to only that needed to 
react to changes in the routes currently in use”.   

 
The initial AUSNET strategy was for AUSNET to provide 
an API to an emerging protocol such as DSR. For a viable 
AUSNET implementation DSR was an excellent candidate 
communications stack, however, DSR was not currently 
fully developed or commercially available.  For this reason, 
the AUSNET approach was further refined to include a 
simplified DSR implementation tailored to the unique needs 
of the undersea network environment.     
 

The innovations of AUSNET are: 
 

1) Network level protocols (AUSNET Protocol, or AP) 
that implement Dynamic Source Routing (DSR) 
protocols in a manner optimized for smaller groups 
operating in a low bandwidth environment. 

2) An approach that exploits the data present in a mobile 
ad-hoc network to support the application in new ways.  

 
The problem being addressed breaks down into 3 parallel 
components: 
 
1) The AUV system and its needs for communication to 

acquire information necessary to cooperate with other 
platforms in accomplishing a defined task,  

2) The API and its ability to interface with the constraints 
implied by the limited and unreliable communications 
of the underwater environment; and  

3) The network protocols that support self forming ad-hoc 
topologies of network nodes.  

 
A demonstration of feasibility was achieved by creating a 
fleet of simulated AUVs that navigated cooperatively 
within a simulated undersea environment.  The scenario in 
which the fleet navigates is based upon a search for a 
“black box” as follows a sea-based aircraft accident.  The 
AUV fleet starts in a cluster, as if just launched from a ship, 
and then transitions into a line formation to start a search 
pattern.  The start of the exercise (where organized as a 
cluster) requires that the network autonomously configure 
itself.  Then, when they extend into a line formation, this 
induces change in the network’s topology, requiring new 
routings to be discovered and utilized.   
 
Initial Findings and Results 
 
The AUSNET API and underlying protocols performed as 
expected.  Testing included the capability to adjust the 
simulated undersea bandwidth, and AUSNET was found to 
perform adequately in a low bandwidth environment.  
Feasibility testing was accomplished in which 4 AUVs 
were navigated from one AUV fleet formation to another 
AUV fleet formation, thus changing the network topology 
and routing requirements.  AUSNET established and then 
reconfigured routing as designed, thus demonstrating 
concept feasibility. 
 
The DSR protocols, which are currently being developed by 
the IET F Mobile Ad Hoc Networks Working (MANET) 
Group, are robust and suitable for the lower layers of the 
proposed application, but support a degree of scalability 
that AUVs will never require.  This scalability has a cost (in 
bandwidth and compute requirements) that can be 
substantially reduced by streamlining DSR concepts and 
creating a tailored implementation suitable for use undersea 
(or anywhere low bandwidth is a constraint). The variations 



introduced to meet AUSNET requirements have reduced 
the packet size (primarily by reducing the header size), 
created a new protocol (AP, or AUSNET Protocol) and set 
the stage for more advanced Phase 2 variations that will 
exploit the unique characteristics of the AUV environment.   
 
Phase 2 Activities 
 
AUSNET has modified the DSR (Dynamic Source 
Routing) protocol by optimizing it for undersea operation.  
AUSNET and DSR are based upon each network node also 
being capable of acting as a network router.  Thus, all 
network infrastructure is inherent in the network nodes, 
which eliminates the need for additional routers, gateways, 
and similar systems, and the configuration overhead 
associated with them.  The resultant capability grows and 
collapses as nodes join or leave, is self-healing, and 
supports entirely ad-hoc topologies.  With this added 
capability increased overheads to support routing are 
required, which can considerably increase the bandwidth 
requirements for operational use. 
 
AUSNET Testing 
 
A key element of the Phase II effort is that a means to fully 
test the ad-hoc reconfiguration of an AUSNET network is 
required.  Recent efforts focused on the creation of a 

CADCON based test capability that will enable repeatable 
tests that exercise specific facets of the discovery, routing, 
and maintenance functions. This was achieved by creation 
of scenarios that initialize a fleet of AUVSims to known 
locations and in known navigational states.  Scenarios are 
loaded and then the overall fleet simulation is run to 
exercise the AUSNET capability. 
 
An additional mechanism was implemented that enables the 
overall network activity to be captured for analysis.  Thus, 
network behavior can be confirmed in detail, and proof of 
AUSNET functionality can be established through 
examination of empirical results.  A ‘debug’ channel was 
added to the CADCON communications harness, enabling 
comprehensive logging of communications activity.   
 
Specific AUSNET functions that have been empirically 
tested and the results documented include: 
 
? New route request – resolution by discovery from a 

dead start (cluster example): It has been tested and 
shown that communications are established between all 
AUVSims when started within a small area that allows 
communication links to be established. 

 
? Route failure and new route discovery from working 

topology (Cluster to Line): It has been tested and 
shown that communications are interrupted and 
reestablished when the cluster of AUVSims move into 
a line formation.  The line has then moved in a radial 
search pattern, which proves that all AUVSims are 
somewhere within the communications hierarchy and 
able to receive commands from the master AUV. 

 
? Route failure from node removal – non recoverable: It 

has been tested and shown that when nodes navigate 
beyond communications range from any node, route 
failure is detected appropriately. 

 
? Route failure from node removal – recoverable with no 

new nodes:  This has been tested successfully within 
the cluster to line mode, wherein established routes fail 
and new routes are established within an established set 
of nodes. 

  
? Route failure from node removal – recoverable with a 

new node:  This has been tested successfully within the 
cluster to line mode, wherein established routes fail and 
new routes are established within an increasing number 
of nodes. 

  
Dead Reckoning Ad-hoc Network Topology 
 
A significant issue with AUSNET (and any actively 
reconfigurable network) is the overhead incurred in 
identifying and maintaining network topology.  This 

  
 

 
CADCON screen shots showing start and end conditions of the Phase 

I demonstration. Note that the communications path (green dashed 
line) transitions from a direct link between AUVs, to a multi hop 

configuration as the fleet formation is changed. 



overhead can be significant, and the identification and 
creation of methods to reduce this overhead has been a goal 
of the AUSNET project. 
 
AUSNET has been able to significantly reduce these 
overheads by exploiting the fact that multiple AUVs 
generally work cooperatively according to well defined 
conventions, following predictable routes and so forth.  
Nodes in a traditional DSR implementation constantly 
update their model of the network topology using the DSR 
protocols.  AUSNET models network topology by using 
Dead-Reckoning (DR) techniques to extrapolate node 
positions based upon the AUV fleet behaviors as defined by 
standardized conventions (while retaining the ability to fall 
back upon traditional DSR protocols if required).  As 
shown in the following figure, this approach dramatically 
reduces the overheads associated with a DSR based 
implementation.  The data was acquired through empirical 
testing within AUSI’s simulation environment, CADCON. 
 
It should be noted that the level of model fidelity used to 
dead reckon could be tailored to fit the specific operational 
requirements at hand.  Thus, a simple model might be 
appropriate for a network in which most nodes remain fixed 
in location over large periods of time, whereas a more 
detailed model may be appropriate for a topology that is 
widely dispersed and in which store and forward (e.g. data 
mule) functionality is expected.  The point being made is 
that an AUSNET dead reckoning implementation is not 
necessarily a one size fits all solution. We expect that 
differing levels of model fidelity will be developed and 
emerge as this approach matures. 
 
The net result of including dead reckoning in AUSNET is 
that it enables one to gain all the benefits of ad-hoc network 
technologies, including the elimination of infrastructure, 
with full scalability and self-forming / self-healing 
capability, while retaining nearly all the bandwidth of a 
traditional fixed network using TCP or UDP protocols.  The 

AUSNET capability is thus an enabling technology for 
emerging undersea networks such as the Autonomous 

Oceanographic Sampling Networks (AOSNs) and similar 
AUV fleet capabilities. 
 
Transition to Live Operations and Testing 
 
The first issue that needed to be addressed in transitioning 
to live operations was to ensure that the AUSNET 
capability worked with standard acoustic modems.  These 
are serial devices, typically interfaced to the host system 
using RS-232.  The two primary acoustic modems that are 
used in the industry are manufactured by Benthos and 
WHOI.  Since the Solar AUV and gateway buoys that we 
anticipated testing with used Benthos modems, we 
developed our plans with those as our target 
communications device.  It should be noted that the WHOI 
modem, or any other serially connected device should work 
with AUSNET equally well. 
 
The AUSNET software takes the messages to be sent and 
wraps them using the AUSNET protocol.  All incoming 
messages processed by the AUSNET software, and either 
discarded, retransmitted, or unwrapped and passed to the 
host as appropriate within the context of the overall 
AUSNET protocol.  Thus, the host sends/receives data 
blocks using the AUSNET API, and the API processes the 
data and then sends it our using the serial device.  All 
AUSNET functionality is transparent to the host system. 
 
An initial transition to live operations was accomplished 
using IR devices within the office environment.  These 
devices operate through serial connections (just as acoustic 
modems do), and are easily manipulated to create 
topologies that support differing levels of connectivity.  
This technique resulted in a low cost, repeatable testing 
environment to support transition to the at-sea environment.   
 

Most recently (June 2004), underwater testing has been 
performed using two deck boxes, a gateway buoy, and a 
Solar AUV (SAUV) acting as a gateway (all of which use 
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Benthos acoustic modems).   This was performed at the RPI 
/ Darrin Fresh Water Institute (Lake George, NY) during 
tests in which multiple aspects of the Solar AUV were 
tested. The AUSNET capability was implemented into the 
deck boxes through integration with the deck box laptops.  
A similar arrangement was created with the gateway buoy, 
with the laptop being remotely connected to the gateway 
buoy using the buoy’s RF capabilities.  All acoustic modem 
traffic was passed through the AUSNET software for both 
transmit and receive functions.  Finally, the AUSNET 
software was added to the Solar AUV, however time 
constraints related to other SAUV tasks precluded testing 
using the SAUV.   
 
Using the 2 deck boxes and gateway buoy, network re-
organization was forced by first establishing direct 
communications between a mobile source node (boat 
mounted deck box) and a fixed target node (dock mounted 
deck box).  At this point the mobile node (boat mounted 
deck box) was moved away from the target node until the 
communications were lost. 
 
This caused AUSNet to rediscover a new route, with the 
expected result that AUSNet would route the message using 
an intermediate node (in this case the gateway buoy).  
Unfortunately, a hardware failure at the gateway buoy 
caused complete re -organization to not be achieved.  
However, examination of the data from the tests showed 
that the desired result would have been achieved if no 
hardware failure had been experienced. 
 
Next Steps 
 

SeaWeb is an emerging network capability that is based 
upon Benthos modems running SeaWeb firmware.  Each 
modem becomes a node in what is essentially a fixed 
topology undersea network.  This network uses RTS/CTS 
protocols and fixed routing tables to enable point to point 
communications across the network.  Extensions that 
support moving nodes are included, as are some direct 
node-node capabilities.   
 
The SeaWeb system, as currently implemented, includes 
SeaWeb Server and SeaWeb Superserver capabilities.  The 
SeaWeb Superserver is used to configure the network, 
primarily by creating routing tables based upon node 
topology and overall network objectives and requirements.  
The routing tables are propagated through the SeaWeb 
network during network initialization using a configuration 
protocol that is understood by the super server and the 
Benthos Modem firmware.   
 
The current Seaweb planned enhancements include 
adoption of DSR to support ad-hoc topologies.  Integration 
of AUSNET protocols into SeaWeb is a synergistic 
objective that we are currently exploring.   
 
We are now starting to examine the protocols that are used 
in communications between the Benthos SeaWeb modems 
and the SeaWeb Servers/Superserver.  Documentation of 
these protocols will enable preliminary exploration of DSR 
routing mechanisms prior to the SeaWeb-next generation of 
hardware.  Completion of the proposed task will bring 
benefits to the overall AUV community by providing a 
documented system and better understanding of SeaWeb 
mechanics to a larger group of people.  The end goal is to 
integrate AUSNET functionality into SeaWeb, thus 
transitioning the overall ad-hoc capability into a near term 
real world operational environement. 
 
CONCLUSIONS 
 
AUSNET has been demonstrated to support undersea ad-hoc 
networking with increased performance achieved through the 
exploitation of AUV fleet behaviors, specifically the dead-
reckoning of node locations.  AUSNET has modified the 
DSR (Dynamic Source Routing) protocol by optimizing it 
for undersea operation.  Each network node is capable of 
acting as a network router, thus all network infrastructure is 
inherent in the AUV fleet itself.  The resultant capability 
grows and collapses as nodes join or leave, is self healing, 
and supports entirely ad-hoc topologies.  Exploitation of 
fleet behaviors has significantly reduced the increased 
overheads normally required, and should enable AUSNET 
capability to meet operational requirements.  Testing within 
simulation is complete, and next steps are focused on initial 
at-sea testing, and store/forward capability development. 
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