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Robot motion planning
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Global and local planning

uF

|. Pérez-Hurtado et al. (RGNC)

Global planner

ending
pose?

BWMC2020

4-7 February 2020

RGNC

4/40



Global planning algorithms
The RRT algorithm

Definition
An RRT 2 is a randomized tree structure for rapidly exploring the
obstacle-free configuration space.

4LaValle, S.M, Rapidly-exploring random trees: A new tool for path
planning, technical report, 1998
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The RRT algorithm

Initial configuration

Goal

(X0,Y0)

\ Obstacies
/ [ J

Initial robot position
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The RRT algorithm

Input parameters

A

Parameters:
‘ & : Robot radius
& : RRT edge length
(x0,y0): Initial robot position
(p,q): Environment size
G: Goal region
Static obstacles
q ) are known a priori
“X0.Y0)’
\J p o
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The RRT algorithm

Step 1
Step 1:
Compute a random point (Xrand, Yrand)
in the environment
P (Xrand, Yrand)
[
U
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The RRT algorithm

Step 2
I Step 2:
Find the nearest point (Xnearest, Ynearest)
in the RRT to (Xrand, Yrand)
[ ]
(Xnearest, Ynearest [ )
Us
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The RRT algorithm

Step 3

‘ Step 3:

Compute the point (Xnew, Ynew) as the
point at § distance to (Xnearest, Ynearest)
in the segment
[(Xnearest,Ynearest),(Xrand, Yrand)]
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The RRT algorithm

Step 4

‘ Step 4:

Check if the segment
[(Xnearest,Ynearest),(Xnew,Ynew)]
is obstacle free

The distance from
the segment to the nearest
@ B ) obstacle must be = §
«—
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The RRT algorithm

Step 5

‘ Step 5:

If the segment is obstacle free,

then include a node (Xnew,Ynew) to the
RRT and an edge [(Xnearest,Ynearest),
(Xnew,Ynew)]
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The RRT algorithm

Loop Step 1 - Step 5

‘ Loop Step 1 - Step 5
Until a number of steps

or the target area is reached
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The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 14/40



The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 15/40



The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 16/40



The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 17/40



The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 18/40



The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 19/40



The RRT algorithm

Loop Step 1 - Step 5

- '@
u¥ A4

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 20/40



The RRT algorithm

Loop Step 1 - Step 5
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The RRT algorithm
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The RRT algorithm

Loop Step 1 - Step 5
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The RRT algorithm

Loop Step 1 - Step 5

)

RGNC

|. Pérez-Hurtado et al. (RGNC) 4-7 February 2020 26/40



The RRT* algorithm

@ A variant of the RRT algorithm

@ It produces good solutions considering a cost function

@ It refines its solution while adding nodes to the tree

@ When the number of nodes is infinity, the solution is optimal

(m) (b)

Figure 14: A Comparison of the RRT (shown in () and RRT* (shown in (b)) algorithms on a
simulation example with obstacles, Both algorithms were run with the same sample sequence for
20,000 samples. The cost of best path in the RRT and the RRG were 21.02 and 14.51, respectively.
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Global planning algorithms

Membrane computing models

@ |. Pérez-Hurtado, M.A. Martinez-Del-Amor, G. Zhang, F. Neri, M.J. Pérez-Jiménez A
membrane parallel rapidly-exploring random tree algorithm for robotic motion planning.
Integrated Computer-Aided Engineering, in press, accepted manuscript, 2020

@ |. Pérez-Hurtado, M.J. Pérez-Jiménez, G. Zhang, D. Orellana-Martin. Simulation of
Rapidly-Exploring Random Trees in Membrane Computing with P-Lingua and Automatic
Programming. International Journal of Computers, Communications and Control, Volume
13, No 6, December 2018, pages 1007-1031

@ |. Pérez-Hurtado, M.J. Pérez-Jiménez Generation of rapidly-exploring random tree by
using a new class of membrane system. Pre-proceedings of Asian Conference on
Membrane Computing (ACMC2017), Xihua University, Chengdu, China, September 21-25,
2017, Pages 534-546
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Enzymatic Numerical P systems

ENPS? are an extension of Numerical P Systems (NPS) used for
modeling and simulating membrane controllers for autonomous mobile
robots.

aPavel et al., A. et al. Enzymatic Numerical P systems - A new class of
membrane computing systems, BIC-TA 2010
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Enzimatic Numerical P systems

N=(mH,u,(Var,Ey,Pry,Vari(0)),...,(Varm, Em, Prm, Varalgorithmsm(0)))
where

- mis the number of membranes; m > 1;

- His an alphabet of labels, containing m symbols;

- u is the membrane structure;

- Var; is a set of variables for compartment i, being Var;(0) their initial values;

- E;is a set of variables E; C Var; called enzymes.

- Prjis a set of programs for compartment i. The syntax of a program is the following:

F(x1,.,Xk) | cond(ey,...er) = C1IV1 + ...+ CnlVn

;g«‘.;
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An ENPS model for the RRT algorithm

RRT(n,m,p,q,5,&)

-

Loopggr(n,m,p.q,8)

Nearestggr(n)

ObstacleFreegpy(m,&)

Extendggr(n,m)

\.

Where 2" is the number of points to add to the RRT and 2 is the
number of obstacles in the environment. algorithms
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An ENPS model for the RRT algorithm

The Loopgrrr module

Loopggr(n,m,p,q,5)
xq [input], y4 [input]
a;[input], b;[input] : 1 <i<2m
xi[3-pl,y[3-ql:2<i<2"
px;[0],py;[0] :2 < i<2"
Xrand (0], ¥rand [0, Xnew [0], Ynew [0],
Xnearest[0], Ynearest [0]. collision[0], a[1], index|2], halt[0]

0|y—1 — collision
p-random()|g=1 — Xrand
q-random()|g=1 = Yrand

(Xrand —*nearest
Vi

)
Xnearest + 0 la=n+3 = Xnew

Y —Y
ER rand r;earest) la=nt3 — Ynew

Ynearest +
rm(et, m+n+6) +1|cofision<o — &

1 coliision>0 — &
index +1|q=m+n+e — index

Vindex=2n 1 — halt

oy
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An ENPS model for the RRT algorithm

The Nearestgrgr module

Nearestggr(n)
di[0],x][0],y{[0] : 1 < i< 2"
(xi *Xrand)z + (i *Yrand)z‘a:Z —=di:1<i<2n

Xjlg=2 = X[ :1<i<2"

Yilu=a = yj:1<i<2?

min(di,d, pn Ma=jiz > 0 :1<i<2 I 1<j<n
min® (x{.x,_;.0hGynj)lamjpe = X} 1< i< 2n-i1<j<n

i 9 of /. i n—j i
m’n*(}’,‘v}/zn,l‘ad[sdzn—j)|a:j+2 —y1<i<2iA<j<n
min* (X{ vxév d1.d2)la=n+2 = Xnearest

min*(}’{ 7,Vé» d1,02)|lg=n+2 = Ynearest

T
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An ENPS model for the RRT algorithm

The ObstacleFreeggr module

ObstacleFreegpr(m,£)
dfo]:1<i<2m
pDist(a;, bj, Xnearest: Ynearest: Xnew: Ynew)|a=nt4 — df : 1 < i< 2™

min(d/,dlf+2m7/)|a:j+,,+4 —d1<i<2miA<j<m

min(§ — d,& — d5)|g=m-+n+a — collision

T
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An ENPS model for the RRT algorithm

The Extendgrgr module

Extendgg7(n,m)

Xnew |a=m+n+6 — X[index]
Ynew|a=m-+n+6 = ¥jindex]
Xnearestla=m+n+6 = PX| lindex]

Ynearest|a=m-+n+6 = PY[index]

s 252
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Developed software

@ An ad-hoc simulator in C++

@ It manages image files in PGM defining the obstacle maps.
@ The resolution is 5¢cm?/pixel (Hokuyo LIDAR resolution)

@ dis15cm

@ £is20cm
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Developed software

Input and output maps
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Local planning algorithms

The dynamic window approach
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Conclusions and future work

@ ENPS has been used for robot controllers

@ We have designed ENPS models for global planning: ENPS-RRT
and ENPS-RRT*

@ The models are compatible with current robot controllers.

@ Simulators have been implemented for validation and testing using
CUDA and OpenMP

@ As present work, we are designing ENPS models for local
planning

@ By using embedded CUDA platforms (Jetson TX2), a membrane
computing inside robot for navigation can be implemented.

@ As alternative to CUDA and OpenMP, we are interested in FPGA
implementations.
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