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Motivation

* Influence mines and torpedoes can be
triggered by a ship's magnetic field.

*» Vessel's magnetic field may be canceled or
reduced using

« Deperming (degaussing)
e Active cancellation

Pictured:
USS RAMAGE (DDG-61) at Lambert's Point
deperming facility near Norfolk, VA

(Robert J. Sitar 10-23-1995)



Motivation

Challenges:

» Optimal field cancellation requires precise
measurement.

*» Vessel's magnetic “signature” is unique.
*» Magnetic sighature changes during travel.



Motivation

Objective:

A forward-deployable system for
magnetic sighature assessment
» Scalable to vessel size
* Measurement precision of 100 nT
» Measurement range of 100,000.nT



trategy

Magnetic sighature measurement
using multiple AUV's




lnf 1 AUV

*» Portable, deployable

» Small magnetic footprint

*» Low Cost (approx. $19k USD)
*» Collaborative autonomy




AUV Instrumentation

*» Billingsly Aerospace triaxial fluxgate
magnetometer

» 6-channel, 200 kHz data acquisition system
» Garmin GPS-18x

* Revolution digital compass

» Archangel IMU3

* 900 MHz radio modem

» WHOI Acoustic Micro-modem



AUV Measurament Pattern




Measurement Results

Multi-AUV measurement Single-AUV measurement
of 448 Am* source of 135 Am* source attached
anchored at fixed position to bow of a moving ship

Deviation from mean of 53540 [nT

Deviation from mean of 55074 [nT] Calibrated PPEKf
Callbrated Ekf Y
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MO0S-based AUV Design

* Legacy U of | AUV
* Generation 1 MOOS AUV
* Current work (Generation 2)



Gen.1 MO0OS-based AUV

University of Idaho oAk [ WIEHTRIE
CISR AUV

Power, logic level
shifter for Gumstix

Digital Compass
900 MHz Radio Modem

Motor, actuator control

DSP-based data acquisition =y vl (Rabbit 3000)
and recording module S

Sensor, GPS control
(Rabbit 3000)

Archangel 6-DOF IMU

5-port Ethernet switch

WHOI Acoustic Micro-modem

Triaxial flux-gate magnetometer

Length: 0.996 m

Lithium polymer battery pack Diameter: 0.102 m




Gen.2 Design Objectives

* Reduce power consumption

* Eliminate redundancies and bottlenecks
» Hardware extensibility

» Streamlined integration
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00S AUV Design

module with signal processing

6-ch, 200 kHz data acquisition /— GPS-synced clock

COTS BLDC
(motor/controller | g

WHOI Acoustic Modem |
with PSK daughterboard [N e | ‘

—— / >
Modular vertical
PCB system

Dual 600 MHz Gumstix OVERO
| modules on custom carrier PCB |

High rate (100 Hz) IMU |

:
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.mstix Integration

OVERO A | OVERO B
(FSD) | (BSD)
: LAN9221

FSD AUX uC

USB2514 .
Radio Modem

USB || USB
Acoustic Modem USB Expansion

A

IMU

-L[ Digital Compass J




MO0OS Sopftware

* MOQOS Instruments

* FSD MOOS interface

* Navigation, support applications
* IlvP Behaviors



MOOS Instruments

* IArchangellIMU

* IWhoiMicroModem

* IRevolutionCompass
* IYellowSubDAQ

* IRadioModem
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Front-side controller

PID Controllers AUV Actuators

DESIRED HEADING =kp-| Heading Rudder
o

DESIRED DEPTH il Depth

| v
DESIRED PITCH —lh-r Pitch Elevator

DESIRED ROLL — Roll Aileron
!

DESIRED SPEED =——lp-| Speed Prop Thrust

ROV Commands

RPM VELOCITY ESTIMATE Estimated Prop RPM
= — Velocity




hbYellowSubNav

U of | AUV core navigation library

*» EKF Base class and derived classes

* VehicleEKF, SyncVehicleEKF
« ShipEKF

» Acoustic Navigation classes
« |LBLPositionEstimator, LBLBeacon

» Unit tests for module verification
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pVehicleEKF

Estimates current AUV position

Combines:

* GPS, compass, acoustic navigation, IMU,
pressure sensor, prop RPM

Publishes:
*» Local Grid (East, North) location
* Speed
* Bias-compensated yaw
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pPAcousticCommsAgent

Implements acoustic TDMA control

» Utilizes GPS time synchronization of AUV's
*» Text file based configuration of time slots

*» Active time slot may conditionally publish to
one (or more) MOOSDB variables

* Runtime re-configurable

|l ———— Total Cycle Time: 24.0 seconds —— —— |

AUV1 AUV piuyzamr:\ivyae AUV3  AUV3 Formation Leader Aux
NEVAR L iyl Nav |[Comms BNV 11115 Comms Comms

H—+t+——t——t— 0tV ""F—
20s 20s 20s 20s 20s 20s 80s 40s

21



pMissionMonitor

Monitors vehicle safety conditions

* Monitor target objects “enforce” logical
conditions imposed on MOOSDB variables.

* If monitor conditions evaluate “FALSE”, one or
more variables are published to the MOOSDB.

» Operational even when pHelmlvP is suspended

» Configuration via text file using Behavior-like
syntax

* Runtime re-configurable
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IvP Behaviors

BHV ReverseDive

* Implements 3-stage sequence enabling the
positively-buoyant U of | AUV to dive aft-first.
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IvP Behaviors

BHVY YellowSubReBalance

* Produces objective function In speed, pitch
domains

» Used when U of | AUV travels at water surface.
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