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Abstract. This paper presents an algorithm for path planning in which the
evasion of fixed and mobile obatacles is considered in onder i be followed by an
unmanned land vehicle: path planning is based on visual feedback through an
unmanned asrial vehicle. In addition, a path planning algorithm & proposed for
the ground vehicle in which a non-constant velocity is considered that is a
function of the control emor, of e curvamre of fe road to be followed. The
stability of the control algorifim is tested through the Lyapunov method. Finally
the experimental results are presenied and discussed in which the proposal is
validated.
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1 Introduction

Path Planning determines the path that an autonomous mobile robot must follow for
moving from one place to another. For Therefore it is necessary to create a map of the
environment whene the fixed and moving obstacles coordinates are defined to be
evaded by the mbot [1-5]. Path Planning has a wide range of application fields, e.g.,
network routing, videogames, gene sequencing, and others [2, 3]

There are several ideas to execute path planning, one is proposed by mapping the
environment by means of sensory devices in order to avoid collision with fixed and
movable obstacles [4]. Some of the most common algorithms are: (7} artificial potential
fields that are implemented with proximity sensors: (i) probabilistic maps, which dis-
tribute a set of points (nodes) randomly in the collision-free configuration space by
joining each point and thus reaching the desired goal: (i) RRT algorithm which
operates by constructing a T spanning tree uwnpulacd of nodes and links that increase
grudually and mndomly from a point of arigin until reaching the finish paint [6]:
(iv) Fuzzy logic methods, these are a convenient tool for handling uncertain data in
automatic decision-making systems in static and dymamic environments [16]: and
(v} FNN algorithnr is built with mobustness, controllability, expenience in fuzzy contml
and Neural Network, the traditional neural provides diffuse input signals and stucture
weights, whose leaming algorithm is always the neurl network learning algorithm [17].
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N., Mﬁ a&'i Abstract. This work presents & multilayer system that is comprised in four

layers, the main layer defines the task. the next performs the image processing
fd"nt . and the algorithm of Path Planning in which is considered the evasion of fixed

s and mobile obstacles in order to be followed By an unmanned land vehicle; The
other applies different control algorithms, and finally the last layer is in charge of
the interaction, through image processing the speed of mobile objects is estimated
within the workspace with the objective that the termestrial robot does not collide.

The stability of the control algorithm is tested through the Lyapunov method.
Finally, the experimentzl mesults are presented and discussed in which the
proposal is validated.
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Cooperative Control is focused on the use of several robots, this is a field that basically
accomplishes tasks that a single vehicle is not able to perform, this generales great

advantages. like reduction of costs, greater strength. performance and efficiency [1. 2].
Robots involved in the cooperative control scheme must travel autonomously avoiding
obstacles to achieve a certain mission [3]. In recent years, cooperative control has been
\LaJ -~ able to carry out various tasks focused on surveillance, search, environmental moni-
velume ] toring, traffic monitoring. among others. which are applied in various areas of work,
such as: (i) industrial field, (i) military field (iii) Agriculture, (iv) Transit, etc. [4, 5].
One of the most important aspects in cooperative control is software used for information
processing and control between robots.

The Robots tasks require a large computational capacity in real time. usually
involving subtasks to perform operations such as exploration, avoidance of obstaclkes,
sensing, monitoring and manipulation of objects. The control schemes of multi-robot
systems can be classified into: (i) Leader-follower, one robot is designated leader while
the others are follow ers. the leader defines the mass movement group and the other robots
are controlled to follow their respective leaders respecting distance and other factors;
(i) behavior-based methods, is defined as a behavioral combination of each member
comprising actions and is constructed to achieve a global goal. And (i)} virtual
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Objetivos

OBJETIVO GENERAL

« Disefiar e implementar la planificacion de camino (Path
Planning) basado en realimentacion visual para la
cooperacion entre robots terrestres y aéreos.
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OBJETIVOS ESPECIFICOS

* Realizar el procesamiento de imagen a fin de identificar
los obstaculos que se encuentren en el camino a ser
seqguido.

« Desarrollar una planificacion de camino en funcion de
ambientes no estructurados con obstaculos fijos y
moviles.

« Implementar un esquema de control a fin de realizar la
cooperacion entre cada uno de los robots para seguir el
camino planificado (Path planning).

 Evaluar a través de simulacion en un entorno virtual el
desempenio del esquema de control planificado.
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Modelacion UGV

N,
Y
<R>L)X
Modelo UGV
Configuracion del , _

modelo cinematico [X}:[C.OSW —asmvf}lu}
(X =ucosy —awsiny y] [Sinyacosy J|o
Yy =usiny +awCcosy

; h=J(y)v
V=
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Control UGV

— Camino a seguir
Ley de Control Modelo Cinematico

v, =3*(v, +Ltanh(L'K ) h=J(y)v

Analisis de Estabilidad

V=V,

Sustituyendo la ley de Control en el modelo h,
h, -

(Ve —h)+Ltanh(L*K h)=0 ’VP'T

Y=h,—V,
h=Y-Ltanh(L*K R)
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Analisis de Estabilidad

Funcion candidata Lyapunov

~

V(h)=4h"h >0
Derivando y reemplazando

V (h) - ﬁTY—ﬁTLtanh(L'lK ﬁ)

Condicion suficiente para que I"[’ﬂfl :

sea definida negativa

ATL tanh (LK Fi)‘ > AT

Para valores grandes de h
se puede considerar

Ltanh(L‘lK ﬁ)z

V sera definido negativo
solo si

I =]

Para valores pequefios de h
se puede considerar

Ltanh(L‘lK ﬁ)z Kh

Ecuacion de Lazo cerrado se puede
escribir como:

h+Kh=Y

Representacion en Laplace

m”:ﬂiKY@)
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Modelacion UAV

Configuracion del
modelo cinematico

X, =Ug COSW, — U, Siny,
Y =Ug SiNy, +U,, COSY,

/

q = U

Ve =

.

Modelo UAV
X; | [cosy, -siny, 0 0] Uy
Yo | [siny, cosy, 0 O Uy

Z, 0 0 1 0] Uy,
qu 0 0 0 1 o,
hq=J<wq)uq
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Objetos fijos

Procesamiento de Imagen

Captura de

tiempo Real

Imagen en —

Transformar a escala de
grises

>

Filtro Gausiano

—>

Imagen Binarizada

—>

Deteccion de
bordes de los
objetos

Dilatacion de

bordes

Buscar objeto mévil por

> una caracteristica
predefinida

Deteccion de
centroides
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Procesamiento de Imagen
Objetos fijos

Deteccion de

bordes de los P Dilatacidn de

objetos bordes

Buscar objeto mdvil por Deteccion de
» una caracteristica » centroides
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Path Planning

@ Punto Inicial

@ PuntoFinal
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Path Planning
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Path Planning

Validacion de Path Planning
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Resultados Experimentales

Resultados de Procesamiento de Imagen en tiempo Real

(a) Imagen Real (b) Binarizacién (¢) Dilatacion
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Resultados Experimentales

a) Identificacion del (b) Movimiento del (¢) UGV termina su ruta
objeto movil UGYV hasta las cercanias

del objeto movil
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Conclusiones

« La cooperacion heterogénea entre UAV y UGV permiten
realizar tareas de traslacion en grandes entornos de trabajo con
ayuda de la planificacion de camino.

« La dilatacion de la imagen del objeto se utilizo a fin de evitar
colisiones de los objetos fijos y moéviles con robot UGV, puesto
gue si los objetos estan en una posicibn muy cercana se
convierte en un solo objeto por lo que no se realizara el path
planning a traveés de este lugar.

« EIl algoritmo heuristico basado en planificacion de caminos
aleatorias nos permitié optimizar en tiempo de llegada del robot
del punto inicial al punto deseado, por medio de la eleccion del
camino mas adecuado.

« La localizacion de objetos moviles dentro del entorno de trabajo
permite que el UGV no colisione con los mismos ya que cuando
el robot este en cercanias del objeto movil disminuira la
velocidad o frenara si fuese el caso.
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