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Abstract
This paper presents an overview of path planning of a mobile robot using VREP [Virtual Robot Experimentation Platform] whichisa
powerful m3D simulator that create, compose, simulate any robot and is said to be a Swiss army knife among robot simulators. This
allows for versatile prototyping applications including systems verification, safety/remote monitoring, rapid algorithm devel opment,
the robot model can be added by various entities and primitive shapes and sensors which include proximity sensor, vision sensor, and

force sensor with different shapes.
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1. INTRODUCTION

The overall architecture and control methodologg erucial
elements in robot simulators. Now a days the robets
employing with highly complex control
compared to the robots in the previous generatjagswell as
the processing power of computers also increasegodd
simulation requires careful architecture to gehbmerformance
and accurate calculations (particularly with resgecdynamic
conditions). For example, the dynamics model isduseely
when the kinematics is failed on V-REP's controthodology;

in V-REP, control is distributed and based on atimited

number of scripts that are directly associated ttached to
scene objects. Finally, in order to further clari@ements
introduced in the first and second part of thisgraphe third
party describes via typical VREP simulation softevar

2. CALCULATION MODULES
2.1 Inverse Kinematics

Allowing handling any type of mechanisms i e bragdhclosed,
redundant, containing nested loops. The moduleaised on
calculation of the damped least squares pseudasievd]. It
supports conditional solving, damped and weightsblution,
and obstacle avoidance based constraints.

2.2 Collision Detections

Allowing fast interference checking between anyrgetry or
collection of geometries with optimal collision ¢oor
calculation The module uses data structures basea lmnary
tree of Oriented Bounding Boxes [3] for accelenasio
Additional optimization is achieved with a tempocalherency
caching technique

2.3 Path Planning

Allowing holonomic and non holonomic path planntagks

2.4 Minimum Distance Calculations

Allows fast minimum distance calculations betweeny a
geometries ie convex, concave, open or closed lgzction of

methods when geometries. The module uses the same data strsicasrehe

collision detection module. Additional optimizatioils also
achieved with a temporal coherency caching tectaiqu

Calculation Modules =]
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Figl Calculation module dialog box

2.5 Physicg/Dynamics

Allows handling rigid body dynamics calculation and
interaction (collision response, grasping, etca tthe Bullet
Physics Library [7]

2.6 Geometric Constraint Solver M odule

Allowing to intuitively to solve/actuate/interactittv mechanism
It is a perfect tool for fast prototyping and ¥ig@tion .The
models are available in this simulator itself or @@ import the
models by designing in the modeling software’s \whicay be
holonomic or non holonomic robots and is also femote
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monitoring, fast algorithm development, roboticslared
education and simulation of factory automation

3. SCENE OBJECTS

A V-REP simulation scene contains several scenectbjor
elemental objects. The following scene objectssagported in
V-REP:

3.1 Shapes

Shapes are triangular meshes, used for rigid bizayakzation.

3.2 Camerasand Lights

Cameras and lights are used for scene visualizgtioposes
mainly, but can also have effects on other scernectb (e.g.
lights directly influence rendering sensors). Sensoake use of
hard- ware acceleration for the raw image acqoisiti

3.3 Dummies

Dummies are \points with orientation," or referefreenes, that
can be used for various tasks, and are mainly used
conjunction with other scene objects,

3.4 Proximity Sensors

The proximity sensors objects perform an exact mmim
distance calculation within a given detection )4 opposed to
simply performing collision detection between sos&ected
sensing rays and the environment; hence allowingefactance
effects due to sensor/surface angles.

3.5 Rendering sensors:

Rendering sensors In V-REP are camera-like senabiosying
to extract complex image information from a simiglatscene
(colors, object sizes, depth maps, etc lter elegneiat plug ins).
Rendering

3.6 Force Sensors

Force sensors are rigid links between shapes, cdratrecord
applied forces and torques, and that can conditipsaturate

3.7 Graphs

Graphs are scene objects that can record a larigtyaf one

dimensional data streams. Data streams can beagéspl
directly (time graph of a given data type), or cameld with

each other to display X/Y graphs,

or 3D curves.

3.8Mills

Mills are customizable convex volumes that can Beduto
simulate surface cutting operations on shapes, (endling,
laser cutting

3.9 Paths

Paths allow complex movement definitions in spateg¢ession
of freely combinable translations, rotations andgjauses), and
are used for guiding a welding robot's torch alangredefined
trajectory, or for allowing conveyor belt movements

Actuation

Joints

faths
RFtransmissions
(utting simulation

Reaction

Forward Kinematics
Anverse kinematics

Scripts
‘Extensionmodules
“Client application
Path planning

*Colision detection
Distance calculation
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Fig2 Simulation loop in VREP
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Fig 3 Path planning model created by elements
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Fig4: Another view of the scene

4. SMULATION PROCESS

A simulation in V-REP can be started, paused aoppstd. The
simulation can be done by using the bullet dynaneicgine,
ODE dynamics engine and real time simulation [HclEtime
the main script was executed, the simulation tisn@cremented
by the simulation time step. Using large time stegssilts in fast
but inaccurate/unstable simulations. During reakti
simulation, it can happen that the simulation tisy@ot able to
follow the real-time (e.g. because of some moméntaeavy
calculations). In that case, if this check-boxetested, then the
simulation time will try catching up the lost tinfe.g. when the
calculation load is again reduced), which resuitam apparent
speed-up Apath linking the start configuration to the goal
configuration can be specified (or restricted to) he a
configuration space with a specific number of disiens (e.qg.
the X, Y configuration space).[6]. Moreover addit
constraints are usually needed that make the taske m
complicated (e.g. keeping a certain distance tlotdsto the
obstacles, or moving only in one direction A pay&/-REP is
the main viewing surface of 8Cenelt is not directly a view,
but can contain one, two, or as so many views adet

A view is what is used to display the image contdrd specific

object which has to be a viewable object. If a viswassociated
with a camera object for instance, then it can ldispvhat the

camera sees. Following figure explains the pagew vand

viewable object relationship.

The simulator operates by advancing the simulatiore at
constant time steps. Following figure illustratdse tmain
simulation loop: positions of the model with resptecaxes

The table shows the orientations and position dfeint
elements used to construct a model

Blocks X Y Z
MAZE 0.1 0.25 0.025
MAZE 0.275 -0.25 0.025
MAZE -0.275 -0.25. 0.025
MAZE 0.1250 0 0.025
START -0.1919 0.4010 0.025
CONFIG
URATIO
N
GOAL -0.3795 -0.3795 0.0251
CONFIG
URATIO
N

5. SCRIPTS

In V-REP, each script has a list of simulation paeters. Those
parameters can be used as a quick way of adjussilugs of a
specific model for example (e.g. the maximum vejoaf a

mobile robot)[2]. The script simulation parametéos a script

can be accessed by double-clicking the appropitate in the

scene hierarchy: script simulation parameters e ased for
specific inter-script messaging purpose

5.1 Initialization Section

The initialization section should be run only thistf time the
script or program is run. , however: remember, saa@njects as
well as child scripts

[ simulationTime=0 J

e ———

—

Run main script ‘

simulaionTime=simulationTime+simulaonTimeStep W

Fig5 Main simulation loop
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It can be copy/pasted into a scene at any timen evieen a
simulation is running.

5.2 Simulation Section

The simulation section should always be run andha t
simulation section should always be run and no ifpestate
monitoring is required except for threaded childripgs.
Threaded child scripts should make sure to endwixecIf not,
the simulator will wait longer than needed befoeing able to
end a simulation, and the restoration code of tineaded child
script might not be run

5.3 Restoration Section:

The restoration section should be run just befognaulation
ends. Threaded child scripts on the other handatoneed to
monitor any state for the restoration: the restonasection is
simply the last part of the code

6. Non threaded child scripts

Non-threaded child scripts are pass-through scripitss means
that every time they are called, they should perfesome task
and then return control to the calling script[F]control is not
returned to the calling script, then the whole datian halts.
They operate as functions and normally non threacktt

scripts are called at each simulation step (eacte twith a
different simulation time). This type of child gutishould
always be used over threaded child scripts whergygsible.

7. Threaded child scripts

Threaded child scripts are scripts that will lauricha thread.
This means that a call to a threaded child scriiit launch a
new thread and then directly return[8]. The nevedarwill then
execute in parallel. When a threaded child scrips wlready
launched (and didn't end yet) but is called agdien the call is
ignored. An execute once option is set by defdlliere can be
as many threaded child scripts running as needethréaded
child script icon in the scene hierarchy

Threaded child scripts can in their turn call nbreaded as well
as threaded child scripts. When a non-threaded dutipt is
called from a thread that is not the main threhdntthe child
script is said to be running in a thread.

Threaded child scripts have several weaknesses arethpto
non-threaded child scripts if not programmed appabgly:
they are more resource-intensive,
processing time, and they can be a little bit lesponsive to a
simulation stop command.

CONCLUSIONS

V-REP demonstrates a path planning task by frartfiegmodel
and the simulation is run by setting the time mé&rchoosing
the simulation ie real time , ODE, bullet. This uks in a

they can wasteeso

versatile and scalable framework that _ts the satian needs of
complex robotic systems is its distributed conapproach; it is
possible to test configurations with 2, 3, or up deveral
hundreds of (identical or different) robots. Thuse tpath
planning of a robot using this simulator is vergtfand we can
observe keenly by cameras provided
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