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Observing System Simulation Experiment
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Nested Autonomy Implementation
Backseat Driver Paradigm - ASTM F41

Three components of the overall vehicle
architecture.

______________________________

____________

e Control and Navigation (frontseat driver)

ll [ W]
: : L At : Tk
Actuator control, inertial navigation, | S;S?Q;”;}; i g:t;;zr:_ous o
GPS,compass, DVL, dead-reckoning : I : REGE
$ aWhole  Making 1 Computer
systems, vehicle safety. ! ), C B
| MOOS .~ /i
« Autonomy System as a Whole R o viE Feim |
Sensor processing, sensor fusion, ] l
autonomy, contact management, data G T TN } Main Vehicle
logging, system monitoring, mission control, i _ontrol and Navigation System i computer

communication.

 Autonomous Decision-Making (backseat
driver)

Deciding vehicle heading, speed, and depth.

OOl CI Kick-Off Meeting, Sept 9-11, 2009 3



Three components of the overall vehicle architecture. {’ ["BREIT T . L i e
e Control and Navigation (frontseat driver) l Autonomy g Autonomous E :
Actuator control, inertial navigation, GPS, compass, DVL, | Systemas | Decision- | gﬁﬂoi‘:er
dead-reckoning systems, vehicle safety. 1 aWhole E Making E I P
« Autonomy System as a Whole : MOOSE, N1 :
Sensor processing, sensor fusion, autonomy, contact N IvP Helm 7
management, data logging, system monitoring, mission e | ageliie ad
control, communication. l
NG , , RS T Baa y . N ' Main Vehicle
» Autonomous Decision-Making (backseat driver) +  Control and Navigation System ' Computer

Deciding vehicle heading, speed, and depth.

The “glue” for the autonomy

.

MOOS system as a whole.

e Modules coordinated through a publish and
subscribe interface.

» Overall system is built incrementally.

Publish
MOOSDB

Subscribe
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MOOS-IvP

Three components of the overall vehicle architecture. SR TN -
| 4 1
e Control and Navigation (frontseat driver) . Autonomy I Autonomous : i
Actuator control, inertial navigation, GPS, compass, 1 System as I Decision- | Payload
DVL, dead-reckoning systems, vehicle safety. + aWhole |‘ Making : ' Computer
 Autonomy System as a Whole i MOOS 'S
Sensor processing, sensor fusion, autonomy, contact ) IvP Helm )
management, data logging, system monitoring, mission ~ "TTTTT TR TTTTTTTOTT OO
control, communication. l
i A, Y T ! Main Vehicl
» Autonomous Decision-Making (backseat driver) ' Control and Navigation System | Cs;spu?e,;c 7

Deciding vehicle heading, speed, and depth. T T T T
The “glue” for the autonomous
IVP Helm decision-making engine

» Modules coordinated through logic (behavior
algebra), objective functions and multi-
objective optimization.

» Overall system is built incrementally.

,@Objective function

IvP Solver

Sensor Info
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Adaptive Environmental Sampling

« Rapid Environmental Assessment (REA)

* Incorporate real-time CTD & other instrumental
data into adaptive sampling behaviors onboard a
vehicle using the MOOS |vP architecture

— Track oceanographic features
« Sound speed
* Fronts
* Thermoclines, haloclines, pycnoclines
* O, & CI concentrations, flourescence
 Light attenuation
» Currents



Behavior Implementation

« Gliders vs. (actively
propelled) AUVs

« Currently have a library of
AUV behaviors (basic &
advanced) in MOOS IvP

— Yoyo

— Waypoint
— Tracking
— etc.

« Approach

— Created a glider behavior
nterface for MOQOS IvP

— Use existing AUV behaviors

h

Glider dynamics restrict its motion
to a yo-yo pattern through the water
column, requiring a different set of

motion commands from those of a
propelled AUV.



Behavior Interfaces

Glider:

-Etc.

Pressure_ | Behaviors | Depth N
Command
iti -YoYo
Propelled AUV: | ==oSition _pSpeed L auy
-Waypoint P
Heading . -Tracking  Heading .
-Etc.
Pressure | Behaviors | Depth i
, Pitch = f(S,D).
Position _ -YoYo Speed Glider
—> Wavboint » Behavior Heading
yp >
) . i Interface
Headln% -Tracking Head|nq_>

Command
Glider
Motion




Current Developments with MOOS
to Enable Environmental Monitoring

Topside CTD display

iIMseas — MOOS interface for MSEAS model
ocean reader (readhopspe.m)

IMseasBathy — gets local bathymetry from
MSEAS model ocean NetCDF file

Readers 0OOI-OSSE -Dynamics

-Mission Planning

NetCDF

Model

-iMseas
Ocean

-iMseasBathy Topside
CTD Display

pEnvtGrad + Adaptive Env’t Yoyo behavior —
tracks gradients through the water column



Real-Time CTD Display — SWAMSI ‘09
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CTD Display — Simulated AUV
iIn MSEAS Environment

Sound Speed Variation with Depth and Position
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Example: Thermocline Tracking

An adaptive environmental sampling and tracking behavior
employing REA
Calculates and monitors the changing temperature gradient
through the water column

— based on the depth vs. temperature profile

Vehicle autonomously adapts the depth range of its yo-yo to
more closely sample and track a thermocline

Successfully executed during the GLINT ‘09 experiment

Thermocline




In Situ CTD
Gradient Determination
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GLINT '09 Results

Green: DESIRED_DEPTH

J
]

v ALY C V E AR\ \
BI ue- NAV_D E PTH ‘E k D \ 42.4960*EX Position over Time (start = blue, end = red)
. 42.494 - CCW
Adaptive Yoyo & Racetrack Racetracks
MOOS behaviors 42402

Mission: Track the depth range of the maximum sound ..., //-\D
speed gradient. |

T

T

42.488

Latitude (deg N)

A: cornering, 7m depth \‘\,

B: initial yoyo, 7-70m depth rasal -

C: tracking max sound speed gradient, 9-28m depth \
D: 1800-second timeout resets yoyo depth limits '
E: 400-meter yoyo period with flattened peaks |

48 I 1 I J
10.942 10.944 10.946 10.948 10.95
Longitude (deg E)



AUV Mission Structure

Launch
All stop Mission

Diving Surfacing

Return Abort Prosecute
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Glider Mission Structure

Launch
All stop Mission
Diving Surface

Deploy Off Return Abort Prosecute

/‘\ Search/

Low power Sensing/ Detection/ -l
Detection Classification/

\ Tracking
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Future Work

* Do feature following with MOOS IvP behavior
objective functions reasoning over
environmental variables (T, Sal, sound speed,
density) directly
— Thermocline tracking behavior vs. thermocline depth

calculating process + adaptive yo-yo behavior

* More topside display tools for post-mission or
real-time visualization/playback of collected
environmental data and determined regions of
interest






