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Abstract—In order to advance research efforts in the area of co-
operative autonomy, a low cost autonomous surface craft, SCOUT
(Surface Craft for Oceanographic and Undersea Testing) was de-
veloped by engineers at the MIT Department of Ocean Engineer-
ing. Design objectives include simplicity, robustness, versatility
and improved operational utility. Four vehicles were fabricated
during the summer of 2004 and a number of field experiments have
been conducted using these craft. This paper discusses the design
of the SCOUT vehicle and introduces some examples of the util-
ity of this platform as a tool for improved software development,
particularly in the area of cooperative autonomy.

I. INTRODUCTION

Field experiments and deployment of multiple autonomous
underwater vehicles (AUVs) generally proves to be expensive
and burdened with high operational requirements. A simple,
inexpensive autonomous vehicle platform would enable a more
rapid turnaround in algorithm development for AUVs. In par-
ticular, the study of cooperative and collaborative marine robot
behavior requires a small fleet of robotic vehicles during the
testing and development stages. In order to achieve this objec-
tive, a fleet of small (10 foot) autonomous surface craft were
designed and fabricated at MIT’s Department of Ocean Engi-
neering (See Figure 1.)

This paper introduces the basic elements of the MIT SCOUT
(Surface Craft for Undersea and Oceanographic Testing) and
explains their suitability as a simple, robust and inexpensive
tool used in the process of developing robust control software
for AUVs. The ability to work with surface craft greatly sim-
plifies the operations requirements and speeds up the process
of developing robust software tools by allowing researchers to
remain focused on algorithm development.

From the outset, these platforms were intended to be used in
order to develop algorithms for control and operation of multi-
ple AUVs and as such all software developed and tested could
ultimately be put into use by AUVs. It was well understood
that this platform should offer utility as an adjunct to field oper-
ations with AUVs or be able to operate independently. Design
constraints included the ability to launch and recover vehicles
with minimal infrastructure, two-man lift ability, operate for ap-
proximately 8 hours at a maximum required speed of 3 knots
and use a simple operating system for control.

This paper will discuss the design considerations that were
recognized during the development of the SCOUT vehicle and
then provide a more in depth look at the vehicle that was ulti-
mately designed and built. Further, we will introduce the reader

Fig. 1. The MIT Surface Craft for Undersea and Oceanographic Testing
(SCOUT).

to the utility of this low cost platform for use as a practical ad-
dition to a fleet of AUVs and as a stand alone vehicle for field
experiments where multiple autonomous craft are required.

For our work, given the motivation to use the SCOUTS pri-
marily as testbeds for the development of software and algo-
rithms for multiple AUVs, the issues of low cost and high flexi-
bility were of extreme importance. We believe that this led us to
make a different set of design choices than most previous ASC
designers. One of the earliest ASCs to our knowledge was the
DOLPHIN (Deep Ocean Logging Platform with Hydrographic
Instrumentation and Navigation) vehicle developed by Interna-
tional Submarine Engineering, Ltd. in 1983. More recent work
on the design and development of ASC technology includes the
work of Manley and colleagues at MIT Sea Grant, who built a
series of ASCs including the ACES and AutoCat vehicles [1],
[2], [3], designed for bathymetric mapping and communication
relay missions. More recently, the company SeaRobotics has
developed a diverse range of unmanned survey vehicles, includ-
ing the Hydrographic Unmanned Surface Craft (HUSCy) that
was successfully deployed at AUVFest in Keyport, Washington
in June, 2005.

II. GENERAL ARRANGEMENT

The MIT SCOUT (Surface Craft for Oceanographic and Un-
dersea Testing) is a rugged, rapidly deployable Autonomous



Fig. 2. Main Vehicle Computer (MVC) in watertight housing (looking aft).

Surface Craft designed and built in order to provide an inex-
pensive platform that is suitable for software development and
mission planning. The SCOUT vehicle consists of a simple
HDPE (High Density PolyEthylene) kayak hull that has been
modified to allow for propulsion and autonomous control using
an onboard single board computer. Total system weight with
batteries installed is approximately 180 lb. allowing the vehicle
to be readily transported and lifted by two people.

The major components of the vehicle include; Hull, Batter-
ies, Main Vehicle Computer (MVC), Radio Control, Propul-
sion, Steering, Communications, Cabling and Cooling.

Within the hull, two watertight bulkheads in conjunction with
two watertight hatches separate the hull internal volume into
three compartments, one forward, one center and one aft. The
Main Vehicle Computer (MVC) is housed in watertight enclo-
sures located in the center compartment and interconnected to
all systems within the vehicle using watertight plastic connec-
tors and conduit (Figure 2). Power throughout the vehicle is
provided by a bank of five sealed AGM (Absorbed Glass Mat)
lead acid batteries housed in a watertight housing identical to
the computer housing. Charging and shore power operation is
accommodated through a bulkhead charge port on the main bat-
tery enclosure. A cooling system consisting of a water pump,
a heat exchanger and a fan transfers excess heat from the com-
puter components to a set of keel coolers, in the form of hori-
zontal pipes, mounted in the stern of the vehicle.

A. Vehicle Operation
The SCOUT vehicle is designed to be operated in three man-

ners, direct radio control, indirect computer control and fully
autonomous control. The use of radio control allows an opera-
tor to easily maneuver the vehicle by hand for launch and recov-
ery, system testing and other situations where manual control is

desirable. One of the output channels on the radio transmitter
is dedicated to switching control between R/C operation and
MVC operation. When toggled into the MVC position, control
is handled by signals that pass through the serial port on the
MVC by way of a PWM (pulse width modulation) board that
produces the necessary control signals to drive both thrust and
steering.

After control is switched over to MVC mode, the user is able
to communicate with the vehicle using either wireless 802.11b
(Wi-Fi) or RF Modem (900 MHz or 2.4GHz convertible). An-
tennas for both devices are mounted on the aft mast and wired
directly into the MVC using available USB ports.

Under computer control, the SCOUT vehicle is commanded
in three ways. First, the vehicle may run in a fully autonomous
mode, using pre-programmed routines to control output behav-
iors, thereby not requiring any communications from shore.
Second, the vehicle may be autonomously controlled by an
external computer (either wired into the MVC or wirelessly
connected via Wi-Fi or RF) that is running some control algo-
rithms and possibly incorporating input from the vehicle. Third,
the vehicle may be controlled remotely using an input device
such as a second computer or palm pilot issuing commands di-
rectly to the propulsion and steering systems. In this fashion,
the SCOUT vehicle will be under ”supervisory” human control
over a range greater than that provided by R/C, limited only by
visibility and communications link strength.

B. Operating Software
The installed operating software on the SCOUT vehicle is

a version of the MOOS operating program developed by New-
man at MIT [4], running on the Linux operating system. MOOS
is distributed under the GNU Public License.

C. Vehicle development strategy
From the outset it was decided that the SCOUT vehicle ought

to offer users all of the essential benefits of an AUV (aside from
the underwater operations aspect) and minimize all of the “nec-
essary evils” associated with operating AUVs. Features that
were recognized as essential in the characteristics of the ve-
hicle included simplicity to deploy, lightweight, robust, easily
operated and modified. In addition it was necessary that the
vehicle possess performance characteristics similar to a typical
AUV, implying a top speed of roughly 5 knots, tight steering
control, acoustically quiet propulsion and adequate payload ca-
pacity. Early discussions during the vehicle development stage
resulted in a decision that the vehicle should act as a simple
platform intended for easy algorithm development and flexibil-
ity in terms of payloads that might be deployed. The notion
evolved that this vehicle should ultimately be configured such
that a core operating system be installed and “locked” so that
end users could write control software that would only need to
interface to the vehicle core software. An analogy was devel-
oped which considered the SCOUT vehicle as an autonomous
“pickup truck” that a user simply needed to learn to drive. We
would provide steering, acceleration, brakes and payload capac-
ity (including serial interface) and the end user would provide
control and navigation software that linked through a common
interface to the vehicle’s core software.



D. Sensors and Components interfaced to the MVC

The core vehicle components as previously introduced in-
clude the steering and propulsion system, GPS, compass and
communications. We will take a closer look at each component
here and discuss the interface between these components.

Propulsion is provided by a modified electric trolling motor
whose speed is regulated by an electronic motor controller. The
motor controller receives PWM signals from the R/C radio link
or the MVC and adjusts thrust proportionally in both forward
and reverse direction. Steering is provided by a modified hobby
servo motor that also receives a PWM input signal as above,
rotating the thruster shaft through roughly 180 degrees of rota-
tion. Onboard GPS and compass provide location, speed and
direction information to the vehicle control software utilizing a
simple PID control loop. This core control software enables a
software developer to focus on higher level control and naviga-
tion issues. GPS and raw compass data strings are also made
available to the higher level computer so that this installed PID
controller may be bypassed.

Additional features of the core MVC include temperature
sensing, current monitoring, leak detection and remote cooling
system shutdown. Internal MVC box temperature is detected
by an on-board sensor resident on the compass card and fed di-
rectly to the MVC through a serial interface. Leak sensors are
mounted in all three of the watertight compartments within the
vessel. The output from these leak sensors is fed into spare A/D
ports on the PWM board, allowing for constant monitoring by
software running on the MVC. Electrical consumption is mon-
itored through a current sensor mounted on the custom power
distribution board. Future plans include the installation of a
dedicated battery monitoring circuit. Using an available chan-
nel on the digital output side of the PWM board, a normally
closed relay may be toggled by the MVC in order to disable
the fan and water pump of the cooling system. This feature
enables more efficient battery consumption and allows for re-
ducing acoustic transmissions that may be coupled directly into
the water close to the vehicle.

E. Payloads

User payloads such as sonar devices, cameras, acoustic
modems and so on may be installed and integrated easily into
the MVC through spare USB and serial ports. A typical appli-
cation might include the installation of a side scan sonar device
where a user desires to log the sonar data on an external storage
device. This is easily accomplished by connecting the sonar to
one of the spare serial ports on the MVC and passing the data
strings on to be stored locally or remotely.

F. Communications and Operation Described

For most multiple vehicle operations algorithm testing, long
range is not a critical factor, but high bandwidth inter-vehicle
communications is often necessary. For this reason, the simple
Wi-Fi 802.11 link is commonly used on the SCOUT vehicle.
The vehicles may be configured in a peer to peer mode, or op-
erated around one or more access points. In our early testing
most vehicle operations have been carried out using a Wi-Fi
router equipped with a high gain omni and directional antenna.

In addition to the Wi-Fi protocol, the vehicles have been oper-
ated using the installed RF modems with positive results.

Typical multiple vehicle operations consists of launching up
to four vehicles and establishing communications link using the
high gain equipped omni-directional Wi-Fi router. One draw-
back of this network topology is the limitation imposed by com-
munications range of the shore based router. One concept cur-
rently under consideration for resolving this limitation is in-
stalling the router in one of the vehicles. This limitation is not
relevant when operating with the RF modem hardware as the
modem does not rely on a single access point.

III. EARLY TESTING AND RESULTS

Initial vehicle testing has demonstrated the utility of the
SCOUT platform as a practical, simple to deploy vehicle suit-
able for multiple vehicle operations. Through the Fall of 2004,
numerous operations of these vehicles was conducted on a lake
in southern Maine, resulting in hundreds of hours of vehicle
operations. In the summer of 2005, four SCOUT vehicles par-
ticipated in AUVFest 2005 in Keyport, Washington and shortly
after were shipped to SACLANT in La Spezia Italy for opera-
tions in the FAF05 experiment on Pianosa Island, Italy.

This paper will focus on the utility of this autonomous plat-
form for multiple vehicle collaborative development and as
such will not discuss the particular results that have been ob-
tained during the field experiments mentioned above. This pa-
per will introduce some of the more interesting results that have
been observed as a matter of demonstrating the flexibility and
utility of this platform, leaving detailed discussions of the par-
ticular experiments to be published separately.

A. Collision Avoidance

Using the standard communications equipment and GPS nav-
igation hardware already installed on the SCOUT vehicle, al-
gorithms are under development at MIT that allow the SCOUT
vehicles to avoid collision with one another. Preliminary testing
while operating at the AUVFest 2005 proved merit to this util-
ity. The software deployed in Keyport is by no means a com-
plete solution to the collision avoidance problem, but rather,
demonstrates the practicality of the SCOUT vehicle for au-
tonomous vehicle algorithm development.

B. Multiple AUV Navigation

One mechanism frequently used in AUV navigation is long
baseline navigation [5]. This technique requires the deployment
of an array of submerged acoustic transponders involving the
often times lengthy process of calibrating the transponder array.
One possible alternative to traditional LBL navigation that has
been suggested is the use of a mobile network of transponders
outfitted with an accurate external navigation capability. For
instance, outfitting the SCOUT vehicle with acoustic modems
may allow for an accurate navigation solution for AUVs. This
concept is currently under development through a joint effort
between MIT and Bluefin Robotics Corp. in Cambridge, MA.
Preliminary testing has been performed during the AUVFest
operations at Keyport, WA in June, 2005 using SCOUT vehi-
cles exclusively and in the Focussed Acoustic Field experiment



Fig. 3. MIT’s four SCOUT vehicles that participated in AUVFest, 2005.

Fig. 4. Two SCOUT vehicles at AUVFest deployment site at the Keyport
pier. With RC control from shore and excellent 802.11b wireless performance,
no dedicated support craft was required for deployment and concurrent of four
vehicles.

in July, 2005 using several SCOUT vehicles concurrently with a
Bluefin21 AUV. Upcoming trials are planned using a Bluefin12
AUV.

C. Real Time Sonar Transmission

During AUVFest 2005 at Keyport, WA, one of the SCOUT
vehicles was equipped with an Imagenex SportScan sidescan
sonar, as shown in Figure 5. Mine-like objects were detected
and captured on the side scan recordings with clear resolution.
Figure 6 shows an example image from the SportScan sonar
mounted on the SCOUT vehicle. In addition, a communication
protocol was implemented to allow sidescan data to be trans-
mitted to an operator console in shore in real-time.

IV. CONCLUSION

The SCOUT autonomous surface craft has proven to be a
useful platform for advancing the development of autonomous
vehicle operations. It is now possible for a small group of engi-
neers to deploy and operate several robots simultaneously. Im-
proved communications between vehicles and simple hardware

Fig. 5. Imagenex SportScan sidescan sonar mounted on a SCOUT.

Fig. 6. Sidescan sonar image of a mine-like object.

Fig. 7. Real-time transmission of sonar data to shore operator console.



Fig. 8. MIT’s four SCOUT vehicles that participated in the FAF 2005 ex-
periment, shown onboard NATO R/V LEONARDO, along with the MIT’s two
Bluefin21 AUVs, Unicorn and Caribou.

Fig. 9. A SCOUT being offloaded from R/V LEONARDO during FAF 2005.

Fig. 10. Three SCOUTS in tow from a small boat during FAF 2005 operations.

has enabled deployment of autonomous surface craft that are
capable of cooperative operations and innovative applications.

The use of commercial off the shelf (COTS) hardware has al-
lowed the cost of the SCOUT platform to be kept low while still
retaining high system reliability and performance. Early field
experiments in June 2005 at AUVFest in Keyport, Washington
and at the Focussed Acoustic Field Experiment in Pianosa, Italy
have confirmed the utility of this platform for software devel-
opment and AUV cooperative vehicle operations.

Experimental results obtained during our recent trials will be
presented in a future report.

ACKNOWLEDGMENTS

This work was supported by ONR Grant N00014-02-C-0210 and
N00014-03-1-0879, part of the Autonomous Operations Future Naval
Capabilities program (Sponsor: J. Valentine), and by the MIT Sea
Grant College Program. The authors wish to thank numerous MIT
colleagues who have helped in the development and deployment of
the vehicles, including Alexander Bahr, Henrik Schmidt, David Battle,
Jacques Leederkerken, Mike Benjamin, Matthew Walter, and Robert
Williams, as well as our research partners Jerome Vaganay and Scott
Willcox at Bluefin Robotics and Matt Grund, Lee Freitag, and Keenan
Ball from the Acoustic Modem Group of the Woods Hole Oceano-
graphic Institution.

REFERENCES
[1] J. E. Manley, “Development of the autonomous surface craft ACES,” in

IEEE Oceans, 1997.
[2] T. Vaneck, C. Rodriguez-Ortiz, M. Schmidt, and J. Manley, “Automated

bathymetry using an autonomous surface craft,” Navigation: Journal of
the Institute of Navigation, vol. 43, no. 4, 1996.

[3] J. E. Manley, A. Marsh, W. Cornforth, and Wiseman, “Evolution of the
autonomous surface craft autocat,” in IEEE Oceans, 2000.

[4] P. Newman, “MOOS — a mission oriented operating suite,” Department
of Ocean Engineering, Massachusetts Institute of Technology, Tech. Rep.,
2002.

[5] L. L. Whitcomb, D. R. Yoerger, and H. Singh, “Combined Doppler/LBL
based navigation of underwater vehicles,” in Proc. Int. Symp. on Unmanned
Untethered Submersible Technology, 1999.

[6] J. Vaganay, J. Leonard, J. Curcio, and S. Willcox, “AOFNC - experimental
validation of the moving long base line navigation concept,” in AUV 2004,
June 2004.


