





We plan to stitch these images together using position estimates from the robot’s offline state estimator to
produce a visual-panorama of the water surface. The primary payload on the robot is an advanced doppler sonar,
Argonaut-XR, manufactured by Sontek. It is used for precise measurement of water velocity along three axes. The
ADCP was mounted on the robot pointing up to measure the water velocity at various depths.

D. Actuation

The robot is actuated using a single Seabotix BTD150 bidirectional underwater thruster. The thruster is controlled
using a Roboteq AX500 motor control board which receives commands from the Gumstix stack over the RS232
interface.

E. Workflow and Control

Traversal in each direction is implemented as a series of 'hops’, with a specified time interval between each hop.
Open-loop control was chosen over other techniques to keep the system simple (recall that the focus here is to test
the accuracy at which we can reconstruct location estimates for the robot post-traverse). A triangular thruster
actuation pattern was experimentally identified to be an ideal control primitive, since it allowed smooth traversal
between locations.

MAS 04. 4 Results and Accomplishments

The system was tested at three locations, an indoor experimental tank

with dimensions 2 m x 1.2 m x 2.3 m, a swimming pool (Figure 4), and

a section of Redondo Beach Marina on the Southern California

coastline (Figure 10). We performed the tank experiments in three

phases. The first phase involved the developmental iterations to test

the robot structure, actuation, workflow and control. The second

phase was to determine the process model, and the third phase was to

implement and evaluate the location estimator. The robot was

mounted on a graduated guide-rail supported by appropriate structural

fittings. A directional wireless antenna outside the tank in close

proximity to the tank wall made it possible to maintain a continuous

communication link between the robot and a laptop external to the

tank. All experiments were video recorded so that ground truth Fig. 4: Pool experiment setup

position information could be obtained by manually processing the

imagery. The forward Kalman filter, the backward Kalman filter, and the smoother were run on the data sets
obtained from the tank experiments. The pool served as a larger testbed with a traversable span of 3.45 m. On an
average, the robot needed thirteen thrusts to traverse the length. Images of the water surface was captured by the
robot after every hop. A measuring tape with periodic markers was suspended on the surface as a source of images
for the camera on the robot, and also provide the true position of the robot after each hop.

Fig. 5: Forward-backward filter Fig. 6: Smoother estimates for the  Fig. 7: Forward filter, backward
estimates for a trial in the tank trial in the tank filter and smoother estimates for
the pool trial
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Deployment at Redondo Beach Marina
Inlet

A pilot deployment was performed at
Redondo Beach Marina to observe
water flow at a section of the marina
inlet (Figure 5). The system had a
traversable span of 6.4 m and was o4 .
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deployed at a depth of 3.4m (Figure 10 " . M
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shows a schematic in profile). The ADCP
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was programmed to record water flow o-(r;u::;an ‘.rs ‘
at five depths. On average, the robot )

sampled seven points along the s x: tiow airection (on the norizontal plane)
transect during each traversal. The

ADCP data and the location estimates
were then used to generate a snapshot
of the flow during each traversal. Data
logged over a period of an hour were
used to generate registered flow plots
for six traversals approximately 8
minutes apart. The following plots
show water flow for six traversals on 2,
the marina transect. The traversals speed
were spaced by 8 minutes, with a dwell (cm/s) °£ ¥ S
time of 25 seconds at each location. xm)
The robot sampled 7 points on the Fig. 9: Flow speed
transect in each traversal. The ADCP
sampled flow data for 5 vertical points
for each dwell point on the transect.
The offline estimator was run to find the
position of the robot for each flow
datapoint and the data was then
interpolated to generate the flow
visualization.

Plots showing water flow for six
traversals on the marina transect. The
traversals were spaced by 8 minutes,
with a dwell time of 25 seconds at each \
location. The robot sampled 7 points on  Fig. 10: The experiment site

the transect in each traversal. The ADCP

sampled flow data for 5 vertical points for each dwell point on the transect. The offline estimator was run to find
the position of the robot for each flow data-point and the data was then interpolated to generate the flow
visualization.

Trial site

MAS 04.5 Future Directions

In preliminary field trials at a commercial marina we show unprecedented, accurate, water flow measurements
using the system. Our future plan is to work on long-term deployments in the field on larger transects. This will
entail modifications in the prototype to withstand the rigors of a larger deployment, specifically the design of a
new hull and fabrication of a longer transect assembly. We also plan to develop the ability to change the mission in
realtime based on measured data.
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