AUV
Modeling, Control, Obstacle
avoidance

Doron Gur

Per — Olof Gutman
Gyorgy Hexner




\

JCoordinate system, general 6Dof inertial and relative
JModeling MIMO sysem using Fourier Integral method
JIMIMO Control design

= Specifications

= Loop shaping
JOptimal path planner using the DIDO solver
JExperiments



Coordinate System

echnical terms (termim
—~——

>

- x g
* Surge:u, X
« Roll:p, L 3

%l\

oy
* Sway:v, Y
* Pitch: q, M

J z
* Heave:w, Z
* Yaw:r, N




State Control




Transformation
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Momentum Theorem

pT: [mo

Origin is located at the center of buoyancy and the center of gravity lies at the point ry.

external forces and moments =

» Newton’s equation of motion ). F = mag

a; £ center mass acceleration, m £ body mass, ), F £ external forces
aUu .
ag =+ QXU + Qxrg + QxQOXrg
Q=[pqr] , U=[uvw]

> Euler’s equation of motion Y Mg = H; + rgxmag
H = rate of change of angular momentum about the center of gravity , ), Mg £ external
moments

H; = [11Q + Qx[I]Q
[I] £ diagonal inertia matrix ( diag|l, L, IL,])



Laboratory Setup




Control Architecture

DOT IVIHIVIO:
J Path planner (MP() \
) Fis the prefilter, G is the controller, P is the plant. -
) Additions:

= rate limit on the position reference command
= Saturation on the control signal
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Modeling

xecute on all variatio
* Fromu1toytandy2
* From u2to y2 and y1
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Modeling

—Modeling results
(1/4 of the plants)
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Submarine Linear Modeling, using Fourier inegral

Surge command to Surge Position




Control Design

stabilize the close loop
= Step response

o Settling time 10 [s]

o Overshoot < 10%
= Disturbance rejection

o 6 [dB] for all frequencies
= (Cross coupling sensitivity
o 3 [dB] for all frequencies

All time domain specifications translated into frequency domain using
2"d order transfer function formulations.



Control Design

specifications

ITime domain specifications translated into
specifications using 2" order formulations

G(s) o

s’ +2lw, S+

End

Frequency domain specification, using order formulations
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—ISpecifications
must be satisfied
for all plants (for
all cases)

JThe identified
points from the
modeling on
Nichols chart

JAIl cases can be
bounded

Control Design
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Control Design

Template

—The chosen linear
plant structure:
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Control Design
Horowitz-Sidi bouds

—ITolerance bounS‘.
ax PG

ISensitivity bounds

Sl=f—ss <

1+ PG

JCross-Coupling bounds (only for MIMO)
W

12 b22

L £b12
1+i

11




—Loop Shaping
with the
Horowitz-Sidi
bounds

JPerformance
ISensitivity

JCross coupling

Control Design
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Experiments

Planner, using >
DIDO solver
. 1
IThe obstacle is
moving
E 0.5
JOptimal Path 2 is
the updated ;
path
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- ptimal Path T .

optimal path palnning and close loop experiment
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Experiments
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