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1. Overview

a Platform Hardware

a Software
Architecture

a Vehicle Modeling
a Conftrol Theory

a State Estimation
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a Planning

a Multi-Robot Systems

a Driven by
Applications
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Estimation

= What is a Particle this time?¢
a A particle is an individual state estimate.
a In our shark Tracking, a particle i has two components

X‘ I I
{ shark W }
\_Y_} \_Y_}
State Weight

1.The stateis X, =/xy 6 vw/

2.The weight w that indicates it’ s likelihood of being the correct
state.
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Estimation

» |nitial Particle
Dis’rribu’rion
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Estimation

= Random )
Propagation
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Estimation

s After Acoustic
Measurement
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Live Shark Track - 8/9/11 10:41 AM
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Tagged AUY

AUV path
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Multi-Rob ot Conftroller

= Problem Definition

o The Robots should not
affect the shark’s behavior

a The Robots should position
themselves to optimize
information gain Rees
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Problem Definition

= Roboft state
bot T
X:?s o= [-Tz‘,t Yit (97;,75]

= Robot kinematics
Ti 141 = Tt + Vi¢ cos(O; ¢) Al
Yit+1 = Yit + Vi ¢ sin(0; ) At
Oit+1 = 0;+ + w; At




MRRSS

Marine Robotics Research Summer School

Problem Definition

= Robot relatfive to target

Tt = \/(Zlfzt — Tiarget.t)? + (Yit — Ytarget.t)?

Yit = tan” ! ((Yit — Ytarget,t)/(Tit — Trarget.t))
T A ?
edesi,t =it — 5 )
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Problem Definition

= Error variables

Pit — Rdes — Tt i
Bi,t — Hdesi,t — Hz',t
€it — A’Ydes — (%,t — %;—1,75)
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Problem Definition

= Error states

Xit — [pz’,t ﬁi,t €z‘,t]T

= Conftrol vector
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1. Single Robot, Single Target

= Control law

~wircos(Bie) | Kp K,
o T Ries — pix APt AP P
= Stability bounds . ’5
K,>0 .
0< Kg<4 /
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2. Multi-Robot, Single Target

= Control law

= Stabllity example (3 robofts)

2 ’ 3
0 < Ky <3 L |

- -
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Multi-Robot Controller

= Simulation Results |
a 8 Robots I
a | Particle [ T
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X [meters)
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Shark Trials
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Boat Trial Results

STATE ESTIMATION ERRORS OF STATIC AND BOAT TRIALS.

Trial I\-’qun Err. (m) I\"Ien:_lian Err. (m) S’D_ Err. (m)
Static Boat Static Boat Static | Boat

1 3.1 3.0 1.2 5.0 4.3 10.5
2 4.8 6.8 4.6 5.3 1.6 4.8
3 3.7 13.7 3.6 3.4 1.1 13.2
4 2.8 3.8 2.0 6.5 3.4 3.4
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True Position True Position

Estimated Position ' ;A' S Estimated Position ~
> .. . e ol . %

Figure 7: Left) Tracking without IMU data Right) Tracking with IMU data.
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Tracking >1 Target

» Stochastic Control

3D Position Track
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3. Exercise B

a Find a partner

a Find one underwater
robot research
publication. Select based
on novelty or research

interest as desired.
e Journal Field Robotics
e [ROS, ICRA
e OCEANS
e MITS Journal

a Present a summary of the
platform in 1-3 slides.
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