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1 - Introduction

Co

The path planning design consists in the elaboration of a strategy to reach a
target.

Potential fields introduce force constraints to ensure curvature continuity
of trajectories and thus to facilitate path-tracking design.

Dynamic environment

s works

-
-
-
-

active

Fractional repulsive potential: to avoid fixed/mlelobstacles

Danger level of each obstacle was characterizedhby fractional
differentiation order

Road was determined bgking into account danger of each obstacle.
Dynamic obstacles. the method was extended to obtain trajectories by
considering repulsive and attractive (Ge and Cuihadt potentials
taking into account position and velocity of thebaog target and
obstacles.

But, in case ofobot or UAV parameter variations, these two previous attractive
forces do not allow to obtaimbust path planning. 5



1 - Introduction

Me ology

A new fractional based attractive force

xd result

Robust path planning of mobile robot or UAV in dyma environment

Djective of our work in this paper:

To define an attractive force

To study the robustness of the approach

To apply the approach in 2D dynamic environment
To apply the approach in 3D dynamic environment
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2 - Fractional mathematical background

2.1 - Fractional integration

defined by:

t

AP S Sy
(L f)(1)= YO (r—r)‘—”dT

o

wheret > a and n is the real positive integration orddr(n) is the Euler
Gamma function:

o

['(n) = J e~ x"dx.
(0

The Laplace transform of the integral of a functi(ihis:

RISIGIEN N e‘P’(n‘H} N - - T()T l}—ndT) dt

where F(s) is the Laplace transformf(ij.



2 - Fractional mathematical background

2.2 - Fractional differentiation

The Riemann-Liouville fractional derivative of ordeof f(t) is defined as:
n A d s l—n
Difn=|—) (I "f®).
Second definition (Grinwald’s definition) is:

l(r—r(}}f!z { n
f(r)—llmf— ; (—l)f( i )f(r—J'h)

h—0 h"

where

n\ C(n+1)
(j)_ LG+ DI(n—j+1)

Global operator: the value of the fractional derivative function at t
depends on the whole past of the function.

The Laplace transform is L{D{‘;f (r)} = 5"F(s).
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3 - Fractional attractive force definition

3.1 - Attractive force definition

Conventionally, the attractive potential is defined as a function of the relative
distance between the robot and the target, only when the target is a fixed point
In space.

The force applied on the robot is given by:

Frob = Myop.Arob

with m , anda,,, the robot mass and accelaration.

On another way, this force is given by:
Frc:rb = Fmr + Fc.-rr

with
Fiar = Myur Oiar

with F. the target attractive force,

m,, anda,,, the target mass and accelaration.
11



3 - Fractional attractive force definition

3.2 - Ge and Cui attractive force

The Ge and Cui method alloviis obtain trajectories in real time by considering
repulsive and attractive potentials taking into account position and velocity of the
robot with respect to obstacles.

The Ge and Cui virtual attractive force is defined by:

Fornr = (T;J+{erir — Xrob) + @y.(Vigr — Vion)

mmm) How to determine these parameters, constraints / vaaEgions?
mmm) Dynamic analysis allows to interpret the influencehw parameters
So by takingm,, equal tom,,:
Myob-(Urar — drob) + Xp.(Vigr = Viop) + @ p (Xiar — Xyon) = ﬂ

'

h e(t) = Xear — Xyob

Wit delt)

—ar Viar = Vrob

d*e(t)

7 Utar — Uyob 12
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3 - Fractional attractive force definition

Differential equation dze(r)+ o, ”"?(I)Jr @,

_ , e(t) =0.
A2 mpep dt  Myop
In Laplace domain N @y @,
s E(s)+ SE(s)+ E(s) = 0.
fnrgb ”I."Gb

This can be interpreted by a classical control schemerevly, and a; are the
parameters of a PD controller:

X ; F = X
i .? o optovs —= 3l 1/5%.mrob >
.+..

wherea,, anda, are the parameters ofteasical PD controller. 13




3 - Fractional attractive force definition

The corresponding open loop transfer funcfigs) is given by:

ayS+ ap
B(s) = £
MyobS=
The closed loop transfer functid#(s) is deduced: B(s)
H(s) = —
1+A(s)
(i)s +1
i - H(s) = - :
lading to: (s) (%)5,3 +(%)S+ 1
The characteristic equation is deduced:
2 - _ l.}"‘U-
2 Wy =
E.(s) = 5_2 + is +1=0, with: _ﬁ  Mrab
Wy Wy &= 2m+

mmm) The damping factor isdependent of the massrobot m, .

So the obtainedrajectory is not robust in front of the mass robot
variations.

14



3 - Fractional attractive force definition

So, the dynamic system behavior depends of the chéideeoparameters, a,
andm,,

For a damping factor & = % =0.707, the robot mass 1s
given by: a1 . o2
Myob = ( )°. -

2.6 ap 4(],}}(%)2 2(rp+

ﬁ

So, the condition to avoid oscillation & > == | leads to the

2

. . . ~ q - s
maximal mass defined by m,,, < 0.5+ .

P

For example, fom,, = 1,0, = 0.005,a, = 0.1(parameters values chosen in
previous example by Ge and Cui to satisfied this relation)

So, this dynamic analysis allows to interpret the infice of the
Ge and Cui parameters

=) |t also introduces methodology to determine these paemie 15



3 - Fractional attractive force definition

3.3 - Fractional attractive force

The proposed attractive force is based on velocitytifvaal derivative.

Xrar - Xrob)
dt"

Fon = f}(p+(er — Xrob) + @y

wherea, anda, are scalar positive parameters anhe fractional differentiation order.

Soby takingm,, equal tom .

d"(Xiar — Xrob)
Myob (Arar — Arob) + Qy. Jn + (Yp+(Xrar — Xyop) = 0.

Differential equation

d*e(t) a, d'(e(t) ap
: ) =0.
drr2  m,,p df? i My ob e()

In Laplace domain, the relation becomes:

16



3 - Fractional attractive force definition

X: E . ,
e > wT a@ L™ 5 1/5%.mrob ey
+

@y 8"+ ap

B(s) = >
, My oh S*
wherea,, anda, are the parameters ofiactional PD controller. rob
For w> w, = (%)” ", B(s) can be approximated by:
¥y S
Bls) ~ ——
Myob S
lading to:
Weg n;
pls)=(—)
AY
with: ;
n=2-n
N
Weg = ”fj)ﬂ—ﬂf', 17



3 - Fractional attractive force definition

The resonant factor and the damping factor can be @elduc

0=

 sin(2 - n)3
and
L m
&n )= —CGS(;)‘

mmm) The damping factor isdependent of the mass robot

mmm) This illustrates theobustness of the obtained trajectory.

18
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4 - Robustness analysis

Comparison of the open loop Nichols diagrams obtain @ihand Cui
and fractional methods

Parameters
m., Is equal to [110, 150, 190, 250, 400]

the nominal mass is 150 kg

Ge and Cui parameters;=0.002 andx,= 0.8

fractional ordemn = 0.7

20



4 - Robustness analysis

Comparison with samep, av parameters

Michals Chart Michols Chart
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4 - Robustness analysis

Comparison with samey,, than Ge and Cui for the nominal robot masg,=150 kg,
w,, =0.0058 rad/s

Michols Chart Nichols Chart
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5 - Simulation results

In this simulation, there igot obstacle in order to estimate the performances of
the attractive forces.

Parameters
m., Is equal to [110, 150, 190, 250, 400]

the nominal mass is 150 kg

Ge and Cui parametecg=0.002 andx,= 0.8

fractional orden = 0.7

24



5 - Simulation results
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5 - Simulation results
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5 - 3D Simulation results
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5 - 3D Simulation results
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6 - Simulation results with obstacles



6 - Simulation results with obstacles

6.1. Environment 2D maps

m, is equal to [110, 150, 190, 250, 400] 90| Obsmckzmong
the nominal mass is 150 kg v %; N st
. 120
ap:O_.OOZ andx = 0.8 (Ge and Cui parameters) 2 o) &
fractional ordem = 0.7 ] S
] ir . S —Obatad=a[F 0 70]
Initial conditions of each element -
A T Robor20 5]
Element Position Velocity % R 100 & 200
Robot [20.20] [0,0] g
Target [140.140] 10.0] 2D environment map
Obstacle 1 | [15.40] [0.01.0]
Obstacle 2 | [110,110] | [0.01,-0.01]
Obstacle 3 | [70,70] [0.0]
Obstacles and replusive potential parameters [Repulsive potential parameters | v
Obstacle 1 2.5
Obstacle 2 1.5
Obstacle 3 3
Attractive pOtentlaI parameters Attractive force parameters | a, ay | N
Ge et Cui 0.002 | 0.8 | -
Fractional 0.002 | 0.8 | 0.7 30




6 - Simulation results with obstacles

6.2. Fractional repulsive potential and danger

To characterize the obstacles and its dangefyaational repulsive
potential is used (Weyl's normalized fractional potential)

A A
e
v e [0.2], ¥r € [Fmin. Fmax ] Uy (1) = 1 a0

F 'H_rmax

H comialzped I ofiona] Poteoh A
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6 - Simulation results with obstacles

6.3. Simulation results in 2D static environment
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Ge and Cui Fractional with same a, a,,

32



6 - Simulation results with obstacles

6.3. Simulation results in 2D static environment

Ge and Cui Fractional with same a, a,

mm) Robust and faster path planning
despite robot mass variation
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6 - Simulation results with obstacles

6.3. Simulation results in 2D dynamic environment
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7 - Conclusion



Conclusion and prospects

In this paper:

‘ A new fractional attractive force for robust path plang of mobile robot in
dynamic environment is presented.

Robustness analysis

This method allows to obtain robust and faster path prendespite robot
mass variations.

Simulations with static target and static and mobilstables

Future works

To use this attractive force with mobile target andtables, and in 3D
To take into account of the robot dynamic model

Implementaion on a mobile robot and UAV 36



