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Particle Filtering within from my perspective
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" Positioning
* Robot positioning
* Map-Aided navigation
« Underwater Navigation
« Surface Navigation

" Analysis
* Quantization
* Complexity Analysis -- Marginalization

Rickard Karlsson ISIS AUTOMATIC CONTROL

e COMMUNICATION SYSTEMS
Linkoping 2004-11-05 LINKOPINGS UNIVERSITET




Particle Filtering in Practice

Process noise
o General model (
Ti41 = f(xt, wy

Measurement noise
Yt

h(.’L‘t, €t)
« Common models

INng and navigation
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Bayesian Recursions

p(ye|ze) p(ae Yi—1
p(ye|Ye—1)

p(ye|Yio1) = /Rn p(yt|xe)p(ze|Ye_1)dxy

p(at|Y:) =




Robot Positioning
&
Sensor Fusion

R. Karlsson & M. Norrlof
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Estimation Model

Ty = (qa,t da,t da,t)

Fixy 4+ Guyur + Guwy

Li4+1 —
yr = h(x) + e
Accelerometer
h(xt) — qm’t tor angle
,Ot Cartesian acceleration
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The “True” System
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. Non-linear mechanical system
Motor and gear (manIDU|atO r)
\ | 6 )
Motor angular acc

lLinear spring and damper (gear-box)
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Motivation: state estimation

Gravity

dm — Tl (Qa + (Ma(CIa)Qa + C(C]aa qa)qa + g(qa))>
? Inertla Coriolis
Arm estimates

needed!
da tyda,t)qa,t
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EKF: RMSE and Cramér-Rao Lower Bound
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Underwater Navigation

R, Karlsson & F. Gustaisson
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Underwater Navigation

Saab Bofors Underwater Systems

« Sonar depth sensor
«Depth map

«INS
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Particle Filter:
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Particles
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UW Animation (experimental data)
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RMSE

50 Monte Carlo Simulations
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CRLB: An Analytic Expression

CRLB for
each position”
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Map-Aided Surface Navigation

R, Karlsson & F. Gustaisson
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Navigation at Sea using the GPS

NP1Q
" Main positioning sensor at Sea: (Jl &

" American and European authorities have recently
published reports on the need for backup systems

" Problems: jamming and spoofing

National Air Intelligence Center, AIA Unclassified

Commercial jammer
range 150-200 km

F-188801
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Gy [Vlap-Aided Navigation

Software: Particle Filter

Patent pending SE-0400264-8
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Surface Navigation
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Surface Navigation: Scenario
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RMSE

50 Monte Carlo Simulations
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CRLB: The Analytic Expression
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Quantization

R, Karlsson & F. Gustaisson
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Motivations

« Inexpensive hardware
Integer, fix-point

e Sensor Networks
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What's done, some results

" Analytical Results (one-bit, multi-level quantization)
* ML-estimate
* CRLB

" Static System

" Dynamic System
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Static: Multi-Level Quantization
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Dynamic: One-bit Quantization

Using 5 measurements/time
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yr = sign(xy + eq)

PF: correct likelihood

KF: approx. likelihood
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