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COLLISION AVOIDANCE By GRADIENT DESCENT

Define a function h(p) that is

D small near the goal
& large near obstacles

and choose the desired position by gradient descent :

Pdes = P-Kaesh()

↑

↑hap
+ humpl-

Th(p) = ThaHt(p) + Threp(p)



ATTRACTIVE PART ("small near the goal" (

hat() = Katt/lp-pgoal · Pgoal
↓

Bhat(p) = Kat)ha

↑ 12

hat(i) = Kart) (p-Pgoal)(p- Pgoal)
↑ Watt(n) = (Chatp)T = (Kat()p-Ugoal)"(p- Pgoal)["z(P-Pgoal)
-

this is how"gradient" = Katt)sell) [Matrix calculus

is defined - note that

Whaft/p is just the

usual Jacobian matrix



REPULSIVE PART ("large near obstacles" (

hrep(4) = Krep) 2Pobst
⑨

↓ distance to closest point on obstacle i

Phrep(p) = -Krep(2 Mdila( Phrep(P)

radius of sphere

·

i Fi
- around drone

di(p) = 1/4-Pobstill - Varone
17

- idrone
closest point on obstacle i

↓

p-Pobst ;

Mdi(p) = Ltr-postil



SPHERICAL OBSTALLE (avoid other drones)

P

listene/*

-
. E

Pobst

Pobst = g + 3) 11)



PLANAR OBSTALLE (avoid the ground)

(no(p -z))n
Pot In a unit vector normal to the plane

⑨

& ↳
any point on the plane·

Pobst

PLANE

Pobst = P - (no(p - q))n
~

dot product



PLANAR OBSTACLE WITH CIRCULAR HOLE (avoid ring)

IF 1) VH1)S THEN

Pot -this
Un E Pobst = g + V+ <- same as p-Vn

⑨

L

f
/Got= y + 3)19

-m

(P- g) - Un
- &call this V+

.
P n normal to plane

↑
unit vector

-->point at center Pobst

⑤
149 of hole

S

HOLE
PLANE Pobst PLANE



PLANAR OBSTACLE WITH CIRCULAR HOLE (avoid ring)

What if IV+1 = 0 ?

↑ -iiThis would mean the drove u

is exactly on the live along ↑
n through the center of the

hole-
you cannot evaluate

- 1

Pobst= g + s(l) ·
in this case

,
nor would doing

so be correct
,

because all equidistant from p
-

points on the ring around the

hole are equidistant from "p
1

when drove is

d(p) = N+- r exactly in center
of hole

DO THIS INSTEAD - -

(WHEN 1IVH = 0)
na() = [ O if Ilvull = 0

In/II Vull otherwise.



HOW TO CHOOSE PARAMETERS ?

kaes
,

katt , Krep
COME TO CLASS ON

local minima...

- & FRIDAY (4/25) To

FIND OUT
WHAT CAN GO WRONG


