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Introduction/Motivation

@ Odor source localization using a robot swarm - each robot is
modeled as a particle

@ Standard PSO is not appropriate to this problem because it
doesn’t react to changing environments
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Introduction/Motivation

Standard PSO

@ Standard PSO equations:

Vil(t) =x(Vi(t = 1)+ cyrand()(pi(t — 1) — x;(t — 1))
+ carand () (p(f — 1) — x,(t —1))) (1)
x;(t) =x;(t —1) + V(1) (2)

where xis a constriction factor, ¢; and ¢ are learning parameters,
such that ¢ = ¢ =2 (?7777). p; represents the best local data and
pg the best global (assumed to be shared among robots/particles)
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Introduction/Motivation

PSO: Non-stationarity problem

|. Environment 11. Environment Changed Ill. Robot Re-Adaptation IV. Trap in Local Maximum
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Figure: PSO and changing environments
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Proposed variants

Detection and Responding PSO |

@ Standard PSO but, whenever a change is detected, particles
spread randomly for a fixed amount of time
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Proposed variants

Detection and Responding PSO Il

Respond
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Detect Environment
(pg Every tIterations)

Success Find the Source
Py = Convergence Criteria
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Figure: DR-PSO response to changes in environment
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Proposed variants

Detection and Responding PSO Il
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Figure: DR-PSO response to changes in environment
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Proposed variants

Charged PSO |

@ Coulomb law is added to the particle dynamic model to keep
diversity of the position of the particles

@ Some particles are charged, some are not

QQ, (X, —X,)

Tl Ixr — %p| < Feore
- QQ, N
ap =1 2L (v %) roe < % — %] < here
4 x5 %) eare < X0 — Xp| < e a(t) = E aj,
0 Tere < |X; — X Er

Vi(t) =x(Vi(t— 1)+ cyrand()(p,(t — 1) — x;(f — 1))
+ c;Rand (Y (pg(t —1) —x;(t —1))) +a,(1) (5)
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Proposed variants

Charged PSO 1l
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Using only odor particle concentration

. Using odor particle concentration and wind direction
Experimental results

Common settings

@ Robots first search for a trace of odor, then PSO drive them
toward the source and finally the source is declared

@ The Advection-Diffusion odor model is used (Farrell et al.) to
generate a dynamic plume

@ Odor and position sensors model random noise
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Using only odor particle concentration
Using odor particle concentration and wind direction

Experimental results

Obstacle-free |
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Using only odor particle concentration
Using odor particle concentration and wind direction

Experimental results

Obstacle-free |l

Comparison Between Charged and DR PSO to Find the Odor Source

= Charged PSO
DR PSO
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Using only odor particle concentration

. Using odor particle concentration and wind direction
Experimental results

Obstacle-filled |

Finding the Plume Tracing the Plume Source Declaration
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Using only odor particle concentration
Using odor particle concentration and wind direction

Experimental results

Obstacle-filled |1

Comparison Between Charged and DR PSO in Obstacle Environment
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Using only odor particle concentration

. Using odor particle concentration and wind direction
Experimental results

Odor-gated Rheotaxis (OGR)

@ Robots are able to perceive odor-particle concentration and
wind direction

@ Bio-inspired technique
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Using only odor particle concentration

. Using odor particle concentration and wind direction
Experimental results

Implementation |: Use forbidden area

Vf(r) = x(Vi(t—=1)+ cyrand()(pi(t — 1) —x;(t — 1))
+ carand()py(t —1) —x;(t — 1)) (21)

0 if 6 < |Frombidden
Vi(t) Otherwise
xil1) = xi(t— 1)+ Vil1) (23)

Vi(t) =

where 6 is the angle between the particle’s current velocity and
wind direction
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Using only odor particle concentration
. Using odor particle concentration and wind direction
Experimental results

Implementation |: diagram |
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Using only odor particle concentration

. Using odor particle concentration and wind direction
Experimental results

Implementation |: diagram |l
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Using only odor particle concentration

. Using odor particle concentration and wind direction
Experimental results

Implementation Il: xg parameter

@ Instead of avoiding movements within forbidden area,
velocities are weigthed with a new parameter: xy

Vi) =x(Vi(t— 1) + ¢y rand () (pi(t — 1) —x;(t — 1))
+ czRand()(pg(t—1) —x;(r—1))) (25)
Vi(t) = xaVi(t) (26)
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Using only odor particle concentration
Using odor particle concentration and wind direction

Experimental results

Implementation II: diagram
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Experimental results

C-PSO vs. Wind-use Implementation | & Il
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Using only odor particle concentration
Using odor particle concentration and wind direction

Experimental results

Wind-use Implementation | vs. [l
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