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Robot Navigation and collision avoidance

X ) Navigation:
O X Dvynamic Short Path
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Navigation: Path Planning

Dynamic short path Computation

O Computation of short path becomes hard
when graph structure increase
O In robotic navigation, graph structure

cha Nge (dynamic obstacles)

—>How to recompute short path without

recomputing the entire algorithm 1\
Q
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Navigation: Path Planning

Lifelong Planning A* wrs

1 Incremental version of A*
O Apply on known graph where edge costs

can increase and decrease over the time.

O No need to recompute the entire algorithm

if edge cost change
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Navigation: Path Planning

Lifelong Planning A* wrs)

O A* reminder s b e 4 e

fscore() = g(u) + h(u)

~ (] w E-] w N = o

@
90 .g’;‘\ h(u) Closed List A graph
_

}‘ . el
HEEN 0

Order by min fsoore (1) = g(u) + h(w)

a6
Children|] children list of each node ds
Open List
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Navigation: Path Planning

Lifelong Planning A* wrs)

J What new with LPA ?

G(A)
L Same basic algorithm
O Inconsistances appear when A
edge cost change (obstacle)
L LPA maintains an estimate
g(n) of each vertex
d LPA add a new value Right
Hand Side (rhs) for detecting
inconsistence G(A)
A

nnnnnn

G(B) =G(A)+d
rhs(B) = G(A) +c(a2, al)
=G(A)+d
G(B)
>
B

G(B) = rhs(B)
Locally consistent

G(B) =G(A)+d
rhs(B) = G(A) +c(a2, al)
= G(A)+ oo
G(B)
>
B

G(B) !=rhs(B)
Locally inconsistent



Navigation: Path Planning

Lifelong Planning A* wrs)

G(al)=4
rhs(al)=4

al

G(a2)=3

a2
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G(al)=3+1=4

rhs(al)= 3 +c(a2,al) =4

Locally consistent

a b c d e f
—_
_h y
® |

~ ) w B w 5] = o

G(al)=4
rhs(al)=co

al

=00

3

G(a2)

a2
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~ )] w & w N = o

G(al)=3+1=4

rhs(al)=3 +c(a2,al) =3+ co=co

Locally inconsistent
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Navigation: Path Planning

Lifelong Planning A* wrs)

b c d e f a b c d e f
0 0
- ® 1 ®
HIINEN : A NN
3 ] 3 -
4 . 4
s @ ] s @ —
. HEE . HEE
7 7
G(n) < Rsh(n) G(n) > Rsh(n)
Underconsitency Overconsitency
e.g Obstacle apparition e.g Obstacle disparition
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Navigation: Path Planning

Lifelong Planning A* wrs)

O LPA
fecore() = gw) + h(w) el Order by min (key)
rsh(u)= min(g(u") + c(u,u")) e0 key=|
- min( g(u), rhs(u)+h(u) );
min( g(u), rhs(u) )
d5 ]
Open List

Children|] children list of each node

Parents|] children list of each node
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Navigation: Path Planning

Lifelong Planning A* wrs)

procedure CalculateKey(s)
{01} return [min(g(s), rhs(s)) + h(s, 840q1); min(g(s),rhs(s))];

procedure Initialize()

{02}y U = 0;

{03} foralls € S rhs(s) = g(s) = oo;

{04} rhs(sstart) = 0;

{05} U.lnsert(s st art » CalculateKey(Sstart )):

procedure UpdateVertex(u )

{06} if (w # Sstart) rhs(u) = mingfep,,,ed(u) (g(s") +c(s’,u));
{07} if (v € U) U.Remove(u);

{08} if (g(w) # rhs(w)) Ulnsert(w, CalculateKey(w ) );

procedure ComputeShortestPath()

{09} while (U.Topl(ey(){CalculateKey(sgoaz) OR 7hs(s40a1) 7# 9(8goal)) ——
{10} w = U.Pop();

{11} if(g(w) > rhs(u))

{12} g(u) = rhs(u);

{13} forall s € Suce(w) UpdateVertex(s);

{14} else

{15} g(u) = oo;

{16} forall s € Suce(w) U {u} UpdateVertex(s):

procedure Main()

{17} Initialize();

{18} forever

{19} ComputeShortestPath();

{20}  Wait for changes in edge costs;

{21} for all directed edges (u, v) with changed edge costs
{22} Update the edge cost ¢(w, v);

{23} UpdateVertex (v );

U is a priority Queue

U.TopKey() Smallest key
value in U

U.Pop() return vertex u with
smallest key value in U and
remove u from U

Update priority of element
inU



Navigation: Path Planning

Lifelong Planning A* wrs)

procedure CalculateKey(s)

{01} return [min(g(s), rhs(s)) + h(s, 840q1); min(g(s),rhs(s))]; :] Key computation
procedure Initialize()

{02} U = @;

{03} foralls € S rhs(s) = g(s) = oo;

{04} rhs(sstart) = 0;

{05} U.lnsert(s st art » CalculateKey(Sstart )):

procedure UpdateVertex(u )

{06} if(u # SStaT't) ’rhs(u) = mill&’ €Pred(u) (9(3,) + C(SI: u)),
{07} if (v € U) U.Remove(u);

{08} if (g(w) # rhs(w)) Ulnsert(w, CalculateKey(w ) );

procedure ComputeShortestPath()

§09% while (U.Topl((e)y(){CalculateKey(sgoaz) OR Ths(s40a1) 7# 9(Sgoal))
10 u = U.Pop();

{11} if(g(w) > rhs(u))

{12} g(u) = rhs(u); .

{13}  foralls € Succ(u) UpdateVertex(s); Overconsitency

{14} else

{15} g(u) = oo;

{16} forall s € Suce(w) U {u} UpdateVertex(s):

procedure Main()
{17} Initialize();
{18} forever ]
{19} ComputeShortestPath();

20} Wait for changes in edge costs; . a:
EQI% for all directeg edges (%,r,, v) with changed edge costs Loop until end condition
{22} Update the edge cost ¢(u, v); (e.g goal reached)

{23} UpdateVertex (v ); —

Underconsitency




Navigation: Path Planning

Lifelong Planning A* wrs)

A B C D E F

H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(hH(n) G(n) RHS(hnH(n) G(n) RHS(n)

N
]
8

o
= 3 7 oo

e W .| - -]
5 | 9 | o0 4 | oo | oo
6 | 10  eo 5 | o | co




Navigation: Path Planning

Lifelong Planning A* wrs)

It O
A B C D E F procedure Initialize()
H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n) { 02} U = 0’
{03} foralls € S rhs(s) = g(s) = oo;
0 6 |0  co| 5 |eo oo 4 | co|co0| 3 |co|oc0| 2 | o0 | e 1 | o0 | oo {04}Th3(33ta,rt) == 01

{05} U.lnsert(s s¢ art , CalculateKey(8start )):

2 1 | oo | oo
3 2 oo | oo U
4 3 co | oo
5 4 | oo | oo Key Partl KeyPart2| Node
6 5 co | oo

9 0 A5
7 6 | o0 | o0
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Lifelong Planning A* wrs)

It 1

A B C D E F

H(n) G(n) RHS(n H{n) G(n) RHS(n) H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n H(n) G(n) RHS(n)

° u
1 Key Partl KeyPart2| Node
2 9 1 A4
3 9 1 B5
4 8 oo/ ] 11 1 A6
5 90| 0|8 e 1

6 10 oo 1]

7




Navigation: Path Planning

Lifelong Planning A* wrs)

It 2

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n) H(n) G(n) RHS(n H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

U

Key Partl Key Part2| Node
9 1 B5
9 2 A3
9 2 B4
11 1 Ab
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Lifelong Planning A* wrs)

It 3

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

U

Key Partl KeyPart2| Node
9 2 A3
9 2 B4
9 2 C5
11 1 A6

7 co
g | 1
o | 0
10 oo
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Lifelong Planning A* wrs)

It 22
A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n) H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

o [¢|/5/ 5|5 66| 6 6|3 7 7|2 8 8|1 9 9 U
1 5 4 Key Partl KeyPart2| Node
2 6 3 10 10 F1
3 7 2 13 2 A7
4 8 1 13 9 B1
5 9 1 0 14 11 c1
6 10 1 14 12 D1
7 11 oo 14 13 E1
-~
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Navigation: Path Planning

Lifelong Planning A* wrs)

It 22
A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n) H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

0 6 9 U
1 5 Key Partl KeyPart2| Node
2 6 10 10 F1
3 7 13 2 A7
4 8 13 9 Bl
5 9 14 11 c1
6 10 1 14 12 D1
7 11 oo 14 13 El
-_——-":;
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Navigation: Path Planning

Lifelong Planning A* wrs)

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

0 |/ 5 5|5 66|44 6 6|3 7 7|2 8 8|1 9 9

procedure Main()

{17} Initialize();

{18} forever

{19} ComputeShortestPath();

{20}  Wait for changes in edge costs;

{21} for all directed edges (u, v) with changed edge costs
{22} Update the edge cost ¢(u, v);

{23} UpdateVertex (v );




Navigation: Path Planning

Lifelong Planning A* wrs)

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n) H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

o |¢/5 5|5 6 6|4 6 6|3 7 7|2 8 8|9 9

1 9

2 procedure Main()
{17} Initialize();

3 {18} forever
{19} ComputeShortestPath();

A {20}  Wait for changes in edge costs;
{21} for all directed edges (u, v) with changed edge costs

s {22} Update the edge cost ¢(u, v);
{23} UpdateVertex (v );

6

7
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Lifelong Planning A* wrs)

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n) I(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)

0 s 6 6|4 6 6|3 7 7|2 8 8|t 9 9

1
procedure ComputeShortestPath()

2 {09} while (U.TopKey() < CalculateKey(s goat) OR 718 (8 goar) # 9(s goar))
{10} w = U.Pop():
{11} if(g(u) > rhs(u))

3 {12} g(u) = rhs(u);
{13} forall s € Suee(w) UpdateVertex(s):
{14} else

s {15} gu) = oc; .
{16} forall s € Succ(u) U {u} UpdateVertex(s); Underc0n5|tency

5

6

7
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Lifelong Planning A* wrs)

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(n)
0 6 o0 |oc0| 5 oo co 4 oo|oco| 3 | co|oc0| 2 ee0|000| 1 0| 00
1 5 | o0 oo 4 | oo oo 3 o0 ©0| 2 | o0 oo 1 oo 13

2 procedure ComputeShortestPath()
{09} while (U.TopKey(){Ca]cu]ateKcy(sgoal YORPRs(8g0al) # 9(8g0al))
{10} w = U.Pop():
3 {11} if(g(uw) > rhs(u))
{12} g(u) = rhs(u);
{13} forall s € Suee(w) UpdateVertex(s):
a {14} else
{15} g(u) = oo; .
{16} forall s € Succ(u) U {u} UpdateVertex(s); Underc0n5|tency
5
6
7
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Lifelong Planning A* wrs)

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(hH(n) G(n) RHS(n)

0 6 oo | co 5 oo oo 4 oo | co 3 oo | co 2 oo | co 1 oo | co

1 0 | o0 oo
procedure ComputeShortestPath()

2 111 11 {09} while (UTopKey()< CalculateKey(s goa1) OR #hs(s goar) # 9(8goar))
{10} w = U.Pop():
{11} if (g(w) > rhs(u))

3 2 110 10 {12}  g(u)=rhs(u); .
{13} forall s € Suce(w) UpdateVertex(s); OverCOHSItenCV
{14} else

4 3 9 9 {15} g(u) = oo;
{16} forall s € Suce(w) U {u} UpdateVertex(s);

5 4+ 8 8

6 s 7 7

7 6 6 6
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Lifelong Planning A* wrs)

A B C D E F
H(n) G(n) RHS(nH(n) G(n) RHS(n)H(n) G(n) RHS(nH(n) G(n) RHS(nH(n) G(n) RHS(hH(n) G(n) RHS(n)

0 6 oo | oo 5 oo oo 4 oo | co 3 oo | co 2 oo | co 1 oo | co

1 0 | o0 oo
procedure ComputeShortestPath()

2 1 11 {09} while (U.TopKey(){Calculathey(sgoa;) OR7hs(8goal) # 9(8g0al))
{10} w = U.Pop():
{11} if (g(w) > rhs(u))

3 2 10 {12} g(u) = rhs(u); .
{13} forall s € Suce(w) UpdateVertex(s); OverCOHSItenCV
{14} else

4 3 g9 {15} g(u)=o0:
{16} forall s € Suce(w) U {u} UpdateVertex(s);

5 4 8

6 5 7

7 1 6




Navigation: Path Planning

Lifelong Planning A* wrs

O Not the entire path needs to be
recomputed
O Useful for dynamic obstacles with fix goal

and start point

O In case of robot navigation, robot evolves

on the path, start point contineously 1\
Q

changes.

-> D* Lite o A
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Navigation: Path Planning

D+* Lite

J Based on LPA'!
1 Reactive on dynamic obstacles (as LPA)

O Contineously updates start point

O Algorithm behaviors:
O Same algorithm as LPA

(J Start the algorithm one the goal point 1\
Q

(same as LPA with start point = goal point, goal point = start point)

1 Add an estimate start point evolution o A

noted km added into key computation

nnnnnn



Navigation: Path Planning

D* Lite
O D* Lite
fscore(w) = g(u) + h(u) el Order by min (key)
rsh(u)= min(g(u") + c(u,u’)) e0 key=[
Km=km+h(qi,qi’) . min( g(u), rhs(u)+h(u)+km );
. ' rh
h(u) \O @/g(u) e ] min( g(u), rhs(u) )
y Open List
AN
o [l
Km ——>I .
@ [l
HERE

Children|] children list of each node

Parents[] children list of each node
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Navigation: Path Planning

D+* Lite

procedure CalculateKey( <)

{01°} return [min(g(s), rhs(s)) + h(sstart,s) + km min(g(s), rhs(s))]:
procedure Initialize()

{ﬂ’?’} T — -

{03’} km = 0;

{va Fiorans € Srhs(s) = g(s) = oo;

{05’} rhs(sgoa1) = O:

{06’} U.lnsert(s g q1, CalculateKey (s goqt)):

procedure UpdateVertex(u)

{07} if (u # 8goq1) Ths(u) = mins'esucc(u) le(u, s") +g(s"));
{08’} if (u € U) URemove(u);

{09} if (g(u) # rhs(w)) U.lnsert(w, CalculateKey(w));

procedure ComputeShortestPath()

{10’} while (U.TonKev() < CalculateKey(sstart ) OR r1hs(Sstart) 7 g(Sstart))
{11} | kora = UTopKey();

{12} _w = U.Popn():

{13} if (kyjq < CalculateKey(u))

{14’} U.Insert(u, CalculateKey(u));

{15’} elseif (g(u) > rhs(u))

{16’} g(u) = rhsla):

{17} forall s € Pred(u) UpdateVertex(s);

{18} else

(97 glu) = oo

{20} foralls € Pred(w) U {u} UpdateVertex(s);

d-__—--'zﬁ

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE

procedure Main()

{21‘} Slast — Sstart;

{22°} Initialize();

{23’} ComputeShortestPath();

{24’} while (sstart # Sgaa.i)

{25’} /*if(g(sstart) = oo) then there is no known path */
{26} sstart =argmings gy oo, any) (C(8start, sy +g(s")):
{27’} Moveto Sstanrt:

{28} Scan graph for changed edge costs;

{29} ifany edge costs changed

{307} km = km + h(Siast, Sstart);

{31’} Siast = sstart;

{32’} for all directed edges (u, v) with changed edge costs
{33’} Update the edge cost c¢(u, v);

{34’} UpdateVertex (. );

{35’} ComputeShortestPath();



Navigation: Path Planning

Exercice: LPA

0 1 2 3 0 1 2 3

ight © Jacques . 29



Navigation: Path Planning

Exerxrcice: D* lite
0 1 2 3 0 1 2 3

30



Robot Navigation and collision avoidance

Focus on:
Ant Colony
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Navigation: Path Planning

Ant Colony System

O Environment hold information
O Multiple — agents used to discover solutions
O Probabilistic technique

O Meta-heuristic optimization
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Ant Colony System

ANgl—

S

—

e

e |"I
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Navigation: Path Planning

Ant Colony System

nnnnnn



Navigation: Path Planning

Ant Colony System

nnnnnn



Navigation: Path Planning

Ant Colony System
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Navigation: Path Planning

Ant System (rirst Aco algorithm 1992) 7

[ Path Selection Vo

ANal— \__/
s /\'m ? == . 1/d,

Pij =
] Z Taixnﬁix — . 1/d01+ -. 1/d04

a Dij - probability to select node j
O t*. -2 pheromone hold by edge i,j (with pheromone factor «)
Q nf; ->edge cost (usually 1/d;)

O X - all nodes conneted to node i

nnnnnn



Navigation: Path Planning

Ant System

d Pheromone update after each ant reaches objective
m
T,(t+1) « (1 —p).7(0) + z ATkij(t)
k=1

4dp —> evaporation factor @

d m - number of ants

d nf; ->edge cost (usually 1/d;)

a X - all nodes conneted to node i e
7 AN
d Ar,(t) 2 pheromone quantity laid on edge (i,j) by th Kth ant. —

l if Kth ant travel on edge i, ]

k otherwise
L,is the path lenght of th K*ant

nnnnnn



Navigation: Path Planning

Ant System

a
T ijn'Bij

Dij

nnnnnn

Z Taixnﬁix




Navigation: Path Planning

Ant Colony System

g=rand[0;1]

If g < qq
| |
max 7%, 1%, Ty
. Z T«. nﬁ.
Path Selection update el
2ol _
T..=((1—0@).7,.+ 0.7
— Each Step =1 =0).75+ 9.7
¢ € (0,1] pheromone decay coeff
Pheromone Update T, pheromone initial value

When goal reached Tyt + D < (1-— p).‘[ij(t) + p. ATBESTU(t)

nnnnnn
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Ant Colony System

https://www.youtube.com/watch?v=SJM3er3L6P4
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Robot Navigation and collision avoidance

Focus on:
Potential Fields
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Focus on: Potential Fields

Potential Fields

nnnnnn

O Objective
Generate attractive and repulsive potential field on

the environment to drive the robot until it reaches
the goal
O Algorithm

= Obstacles generate repulsive potential field.

The more the robot is closed to the
obstacle, the higher the repusive potential
field is,

= Goal generates attractive potential field

Obstacle

Robotic Motion Planning: Potential
Functions,Robotics Institute 16-735, Howie Choset



Focus on: Potential Fields

Wath is a Potential Field ?

http://wmap.gsfc.nasa.gov/media/990

http://electricity- Magnetic Field is a photograph by Cordelia Molloy 529/990529_320.jpg

automation.com/img/electricity/fieldLines.jpg

Electric Magnetic Gravity

Copyright © Jacques Saraydaryan a4
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Focus on: Potential Fields

Wath is a Potential Field ?

[ Get through the Gradient computation of a function

O A gradient is the generalization of the concept of derivative to

functions with multiple variables e.g f (x,y, 2).

7
oo (N
WASSSN\$

,!4,,.&’2/

-
" — =

(A X)4

il S

~ —
- - - - o N
“““““
v < . .

- v -
S -~
- S v

vvvvv

"""""""
vvvvvvvvv
a

v » =
444444
a . .

=1.9¢ =1.5

https://en.wikipedia.org/wiki/Gradient



Focus on: Potential Fields

Wath is a Potential Field ?

[ Notation (in cartesian coordinates)

5f . 8f . 5f

Vi = Sx +@]+5Z

Where i,j,k are respectively the standard unit vector

fix, y) = xe-2+32

¢ I\
[

o
I
vANERSEIRL s r .

2 15 -1 05 0 05 1 15 2
- https://en.wikipedia.org/wiki/Gradient
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Focus on: Potential Fields

Generating artificial Potential Field

O How to use potential field into robotic ?

d Need:
- Move to the goal
d Constraint:

- Lots of obstacles between goal and robot

d Generation of artifical potential fields:
" Goal = attrative field

= QObstacles = repulsive fields

nnnnnn



Focus on: Potential Fields

%

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE



Focus on: Potential Fields

Generating artificial Potential Field

%

CPE

ECALE SUPERIENRE
DF CAIHIE PRYSIOUE ELECTRONIOVE

i,
A ey e
P e ey
-v...ﬁ\‘\
7
-,

\

7
‘ i ;
T, 77
77
‘\‘\ ,‘a,l'"" 777
LT
LR

-
Ao e
e 77
LA Ay
g ST
Vel 7 P g7 L/

Vi
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Focus on: Potential Fields

Generating artificial Potential Field

O Attractive potential field
guadratic potential

e.g of function of attraction: quadratic
potential

Given:

q(x,y) point of the space coordinate

q,(x,y) attraction sourcecoordinate
rrayon of the attration source

(a) [:]».] (e)

Another linear attractive force field

1
#|
P4
P4

—

—ad? ifd>r
ifd<r

Uatt =

o

a adjustable constant
d distance beetween point and attraction

- = SN N NN N
source such as: o 2§§§§§§“§\
o iinnnng
2 A NN

d_ |q q | — (q q ) _I_( _q ) ///’/’/’//‘//f;;: \'{'\"}\\\\\\
a x = day ay G I NN




Focus on: Potential Fields

Generating artificial Potential Field

O Repulsive potential field

e.g of function of repulsion:
Given:
q(x,y) point of the space coordinate
qr(x, y)repulsive source coordinate e
r rayon of the repulsive source ‘

Another linear repulsive force field

. N
. . . N LU U U S S N B A A A )
d, distance of repulsive source influence N I S AR
0 Yot
[N AL s ”
- \\\:\\‘\\TI/‘/’/;/;/
\\\\\ \\\\\\Tff//////,,_
f 2 ;k-\\\\\\w\\ f/'/'/"/,-/,.,
1 1 1 kakﬁ\k\\\\ /4/1///‘—),,.
Eﬁ IR if d <d CIIIIIITT N
U'r'ep —_— < O Gl e NaTe AT e e =
. R N\ N w e e
0 ifd>0 A IS
/// SO VN NN
'l ’-‘//////'/I \\\‘\\‘\\‘\
\ 0 lfd<7" ””’////J{t\\\\\\
A A A O T T T T T
L T
LA T T T T

B adjustable constant I
d distance beetween point and repulsive
source such as:

-op® 2 >
E.'FIE =lqg—q,| = \/(CIx - CIrx) + (qy — qry)
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Focus on: Potential Fields

Combining Potential Field

O Combining function, for a given function of a scalar potential field U where

the robot is under the influence

U=Ug: + Urep

[ The vector field of artificial forces F(p) is givent by the gradient of U

F(p) = —VUg: + VUrep

O If the cases where several repulsive forces are applied

F(p) = —VUg: + 2 VUrepi
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Focus on: Potential Fields

1 d? i d
Uy = Ea ifd>r
0 ifd<r

(1 /1 1\ oy

B 2,3 d d, if d <d
Urep_<

0 ifd>0

\ 0 ifd<r

nnnnnn

Frep(q) — |7Urep = B<E B do

Fore(qQ) = —VUgy = —a(q — q,)

1 Should be:

1 1
Frep(q) =p <E - d_()) q-49q;)

1 But to adjust behavior and reduce local
optimun in robot set of function could be

used as Firas function:
1 1\(qg—4q,)
d2
0 ifd>d,

if d <d,
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Fig. 3.

Fig. 2. FIRAS potential.
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Focus on: Potential Fields

Compute your potential field on the given
sample

; . 5 . d Compute
; Case libre force field
applied on
1 ® , i
Case Occupee the robot
2 B
O O Départ
3
. Arrivée
4
o™
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Focus on: Potential Fields

Compute your potential field on the given
sample

d Compute attractive potential field applied on the robot
0 1 2 3 4

1 @
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Focus on: Potential Fields

Compute your potential field on the given
sample

d Compute repulsive potential field applied on the robot

0 1 2 3 4

:
e
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Focus on: Potential Fields

Compute your potential field on the given
sample

d Compute all potential fields applied on the robot
0 1 2 3 4

1 o
: .
e
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