
Simultaneous Operation of Heterogeneous AUVs 
 

M. Woolsey1, A.-R. Diercks1, R. Jarnagin1, V. L. Asper2 
1National Institute for Undersea Science and Technology, Undersea Vehicle Technology Center,  
University of Southern Mississippi, UM Field Station 15 CR 2078, Abbeville, MS 38601 USA 

2National Institute for Undersea Science and Technology, Undersea Vehicle Technology Center, 
University of Southern Mississippi, 1020 Balch Blvd, Stennis Space Center, MS 39529 USA 

 
Abstract–This paper discusses the experiences of operating two 

AUVs in parallel and the modifications to equipment and 
protocol to make these operations possible.  The two AUVs 
include a low-altitude, hovering, photo survey vehicle and a 
broader-coverage sonar mapping vehicle.  At the expense of 
operational and technical complexities, these two vehicles and 
their support equipment have been operated together in order to 
make efficient use of available ship time. 
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I. INTRODUCTION 
Single AUV operations can be adventures in themselves, 

while multi-AUV operations add a whole new set of 
engineering challenges and operational hazards.  A multitude 
of papers consider the combined use of identical or at least 
similar vehicles.  These papers range from field observations 
to fantastic theoretical simulations.  Much of this research is 
driven by the military application of mine detection and 
incorporates inter-AUV communication, an area not yet 
considered by this research.  By contrast, this use of multiple 
AUVs stems from the need to acquire both broad acoustic 
surveys and focused photosurveys efficiently within the 
available ship time. 

Also contrasting with multi-AUV research involving 
identical vehicles, this paper presents an odd couple of AUVs 
working together: the flight-style Eagle Ray, and the hovering 
Mola Mola.  The former collects multibeam data from 20 to 
50 meters above the seafloor and can travel 180 kilometers in 
a single 30 hour mission.  The latter collects photo coverage of 
the seafloor at an altitude of 3 meters, covering a 60 meter by 
60 meter block in a single survey. 

The advantage of multi-vehicle operations in this context is 
that data collection can be maximized during limited ship time 
and weather windows.  Previously the two vehicles were 
operated in sequence, deploying one while the other was 
charging.  Since the vehicles have drastically different mission 
times, the inefficiency of this scheme was immediately 
obvious.  Still, serial operation is necessary when a vehicle's 
mission is dependent on data from its counterpart's survey.  

One challenge of multi-vehicle operations is personnel 
limitations.  In this work, the same team operates both 
vehicles.  A second challenge is the management of support 
equipment for the two vehicles.  In this case, some 
subsystems, such as the acoustic tracking equipment are 
shared, while the launch and recovery methods and various 

communication and navigation systems are are unique to each 
vehicle.  Another challenge comes from the times when an 
“autonomous” underwater vehicle requires operator 
intervention, whether from typical mission behaviors or due to 
anomalies. 

The personnel operating Eagle Ray and Mola Mola 
multitask between vehicle launch and recovery, auxiliary deck 
operations, vehicle maintenance and repair, and control room 
operations.  After recovery some of the same personnel add 
data processing to their other tasks.  An operator is always 
present at the control station when either vehicle is in the 
water.  Depending on the ship, 24 hour deck operations may 
not be possible, regardless, some intensive tasks – like Eagle 
Ray recovery – are simply not carried out at night unless 
absolutely necessary. 

Sometimes AUVs demand operator interaction.  Both 
vehicles are monitored closely during descent and into their 
first survey line.  This is when most faults have been observed.  
Depending on the navigation scheme being used and the 
operational depth, a position fix may need to be sent 
acoustically to either of the vehicles before they begin their 
surveys.  If an anomaly is detected by acoustic communication 
or the tracking shows an errant path, then the submerged 
vehicle may require interaction from the operator.  If the 
vehicle is out of acoustic range and responds to a fault, the 

Figure 1. Mola Mola being launched and Eagle Ray readied for recovery
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manner as surveyed beacons.  If only one beacon is used, an 
additional pattern of the vehicle is needed before beginning 
the survey.  If the vehicle is north or south of the beacon, the 
beacon range can constrain the northing error, and likewise for 
the easting error.  The vehicle must therefore navigate around 
the beacon by at least 90 degrees to minimize navigation error 
before starting its survey. 

While both vehicles are on survey, the ship typically 
maintains a watch circle around Mola Mola, which is typically 
well within the area of the more expansive Eagle Ray survey.  
An intercept course may be commanded as necessary in order 
to measure Eagle Ray’s navigation offset as it passes.  After 
surveying LBL beacons is another convenient time to check 
on Eagle Ray, while beacon positions are being computed and 
loaded into Mola Mola’s configuration file.  If Eagle Ray is 
outside USBL range, then its simulator track is used as the 
reference point.  A simulated Mola Mola point is not 
necessary since that vehicle is currently incapable of 
wandering too far from its previously tracked position.  If the 
ship must leave Mola Mola, it should simply return to the 
vehicle’s last known USBL position. 

D. Recoveries and Mission Exceptions 
Anomalies should be prioritized so that an orderly protocol 

can be followed in the event of a malfunction of both vehicles.  
So far, faults are dealt with on a case-by-case basis.  Vehicle 
faults up to now have allowed the other vehicle to continue its 
survey while a recovery is performed.  If Eagle Ray were to 
surface outside of wireless ethernet range, it would call the 
control station over Iridium and establish a communication 
link.  This system was modified for simultaneous operations 
by automating the next steps: the vehicle position is displayed 
on the mission management screen and its battery status is 
displayed on the vehicle’s control GUI.  Depending on the 
status of the Mola Mola mission and Eagle Ray’s battery 
capacity, a decision could be made on which vehicle to 
recover first.  The issue is that Mola Mola has a very low 
visible profile at the surface, short battery life, and no long-
distance communication capability.  Both vehicles can take 
roughly 30 minutes to recover depending on sea state, so the 
information provided over the Iridium provides sufficient 
information to assess urgency. 

If both vehicles will be on the surface at the same time, 
either by anomalies, intervention, or mission completion, then 
priority should be given to recovering Mola Mola for the same 
reasons given above.  Eagle Ray can be remotely piloted at the 
surface, but that capability has not yet been developed for 
Mola Mola.  The exception to the recovery order is that if 
Eagle Ray has a low battery capacity then it should be 
recovered first.  Its typical recovery process includes several 
maneuvers and the release of a float to spool out a length of 
recovery line.  Recovering this vehicle unpowered is a 
challenge, while Mola Mola has been recovered frequently 
after its batteries have been exhausted.  On several occasions, 
Eagle Ray has been left on the surface with its battery load 

minimized until morning.  This allows rested personnel to 
perform the recovery with a clear view of the vehicle and the 
seas. 

E. Case Study 
In a recent dive sequence in the Atwater Valley block 357 

[3], Eagle Ray was on survey while repairs to one of Mola 
Mola’s thrusters were being made.  At the conclusion of the 
survey, which was run at 50 meters altitude, a target for a 
Mola Mola dive was found, and a region was defined for a 
shorter, higher-resolution (20 meter altitude) follow-up survey 
for Eagle Ray.  Eagle Ray was launched, and after its survey 
was in progress, the ship moved to the Mola Mola deployment 
location.  After it reached the bottom, USBL position 
corrections were transmitted as the vehicle approached the 
survey start point.  Mola Mola was monitored throughout most 
of its mission (well within the Eagle Ray survey area) with 
only a couple departures to check on Eagle Ray status and 
assess any position errors.  Mola Mola surfaced first, and was 
recovered within ~30 minutes of Eagle Ray surfacing. 

Mission tracking is shown in Fig. 4, 5, and 6.  Fig. 4 shows 
the progress of both vehicles shortly after Mola Mola started 
its survey lines.  At this point, good agreement is seen between 
the Eagle Ray simulator (pink SIM), telemetered (green 
AUV), and tracking (blue USBL) positions.  As Eagle Ray 
moves farther away, acoustic telemetry can no longer be 
received, and tracking becomes more erratic. 

Tracking of Mola Mola (green MM_TL) was fairly 
consistent, although a 30 meter offset was present between 
that and the acoustically telemetered (purple MM_AC) 
position.  Since the offset was in an acceptable direction, no 
further corrections were sent to the vehicle, and the offset 
remained fairly static throughout the survey. 

Fig. 5 shows acoustic tracking as the mission has progressed 
further.  The range between the ship and tracked Eagle Ray 
position is indicated.  Although the USBL point is reasonable 
for the update shown in the figure, most updates at this range 
are unusable. 

Fig. 6 shows the ship track throughout the multi-AUV 
survey.  Eagle Ray is shown during its ascent, and the point 
plotted for Mola Mola is leftover from its last update before it 
neared the surface (preventing further tracking).  The results 

Figure 5. Acoustic tracking of both vehicles during the survey



of the survey are shown in Fig. 7, in which the Mola Mola 
photomosaic is plotted within a subset of the Eagle Ray 
bathymetric survey.  

IV. SUMMARY 

Using concepts collected in this paper, multi-AUV 
operations have been carried out using the NIUST AUVs 
Eagle Ray and Mola Mola.  Commonly, even with the goal of 
running both vehicles at the same time, component failures 
and the ensuing troubleshooting and repairs often lead to 
single vehicle operations anyway.  Sometimes limitations in 
equipment, personnel, or knowledge of a target area prevent 

multi-vehicle operations as well.  When the weather and 
vehicles are both cooperative, the methods above have 
allowed the NIUST vehicles to collect survey data quickly and 
efficiently. 
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Figure 6.  Ship plot and acoustic tracking throughout survey

Figure 7. Results of multi-AUV operation with photomosaic overlay (GoMRI data identifier R1.x132.137:0029) on bathymetry (GoMRI data 
identifier R1.x132.137:0029) 
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