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Potential fields
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Fig: Potential energy fields: gravitational and magnetic fields

Potential field: P(q)

oP
Induced force: F = — —

dg

Eg: h height above earth, m mass, potential energy is P(h) = mgh

F ti = - =
orce acting F m



Virtual Potential fields

Suppose the goal is dgoal
The robot is at g(¢)

Create a potential field that the dgoal is attractive from every other point in ¢

> 4goal



Virtual Potential fields

Quadratic potential energy with zero energy at the goal

Pgoal(Q) — E(q - ngal)TK(q - qgoal)a

The force induced by this potential is
opP goal

Fgoal(Q) == oq

= K(nga] - Q),

Quadratic

F, goal




Virtual Potential fields

d(g, B) >0 d(g, $B)=0 d(g, B) <0

—@o "® “®

Minimum separation distance ~ d(q, %) = min (”’" {(q) — bj” - R; - Bj)
i,




Virtual Potential fields

Repulsive potential energy calculated from the distance to obstacle
Pg(q) =

2d%(q, RB)’

Force induced by the obstacle potential is

0Py  k od
og  d3(q,RB) dq

Fg(q) = —

The total potential is obtained by summing the attractive goal potential and repulsive obstacle potential

P(@) = Pgoal@ + 2, Pa(@)

yielding a total force

F(@) = Fyoal@) + Z Fg(q)



Virtual Potential fields

Repulsive potential energy calculated from the distance to obstacle
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Virtual Potential fields

Control input

Command velocity

u=F(q)+ Bg

q = F(g)

Range of influence of the obstacle

Ug(q) = 1
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drange — d(¢, %)

dranged(q, %)

2
> if d(q, B) < drange

otherwise.



Virtual Potential fields




Virtual Potential fields

Obstacle 1 alone: repulsion

Obstacle 2 alone: repulsion

Obstacle 3 alone: repulsion

Obstacle potential (display capped)



Virtual Potential fields

P1: contours and downhill force directions
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Running sum P1: goal + 1 obstacle term(s)
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Potential (display capped)



Virtual Potential fields

P2:
3 //// /. ¢

Running sum P2: goal + 2 obstacle term(s)

Potential (display capped)

Potential (display capped)



Virtual Potential fields

P3: contours and downhill force directions
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Running sum P3: goal + 3 obstacle term(s)
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Virtual Potential fields

+ Specified goal $8 Local-minimum trap
¥ Goal-side minimum ’ Saddle

Zoom: a strict minimum traps nearby starts

$38 Local-minimum trap

Saddle

X

Potential (display capped)



Navigation functions

A navigation function ¢(g) is a type of virtual potential function with properties,

1. is smooth (or at least twice differentiable) on g¢;
2. has a bounded maximum value (e.g., 1) on the boundaries of all obstacles;
3. has a single minimum at gg0a1; and

4. has a full-rank Hessian 0%y /8q¢? at all critical points ¢ where 8¢ /0q = 0
(i.e., ¢(q) is a Morse function).



Navigation functions

Step 1: Normalise the geometry and define the goal function
v(9) = llg — glI°
Step 2: Define the obstacle and workspace functions
Bi(a) = lg —all* =77, Bolg) = R* — |lql®

Step 3: Construct the navigation function

v(q)
(v(g)* + B(g)""

vr(q) =

Step 4: Apply gradient based control




Navigation functions

Bounded additive field: the trap survives 5 Navigation function: one goal minimum
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Navigation functions

Finite rims: all boundary values equal 1

Goal-to-boundary profiles
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Navigation functions

Minimum: both directions attract Saddle: one direction repels Degenerate non-minimum
H = diag(1, 1) H = diag(1, -1) H = diag(0, 1)
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Navigation functions

Control

\ 4

\

Feedback control

Adaptive control

\ 4

Adaptive

\ 4

Model-free RL

optimal control

-

Optimal and
learning control

Model-based RL

\ 4

——— ———————

Open-loop
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MPC
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Indirect
methods

Direct
methods

References: Modern Robotics by Kevin Lynch

Closed-loop

\ 4

DP

HJB / HJI




