
Introduction to V-REP 
virtuel robot experimentation platform 
by Mathias  Thor 

This presentation is inspired by the official V-REP presentation and the official website 
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V-REP Overview 

What is it? 

 

 

What can it do ? 

 

 

Typical applications ? 

General purpose robot s imulator with integrated 
development environment 

 

 
Sensors , mechanisms , robots  and whole sys tems  
can be modelled and s imulated in various  ways  

 

 

 
Fas t prototyping and verification 
Controller development 
Hardware control 
Simulation of factory automation sys tems  
Safety monitoring 
Product presenta tion 
etc. 
 



Three Central Elements 

Scene 
Objects  

Control 
Mechanis ms  

Calcula tion 
Modules  



Scene Objects 

 

 

 

Bas ic building blocks  

14 different types  

Can be combined with each other 
Can form complex sys tems  together with 

calcula tion modules  and control 
mechanisms  

 

Scene 
Objects  

Control 
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Calculation 
Modules  



Scene Objects 

Scene 
Objects  



Shapes and Dummies 

Shapes 

Random mesh, convex mesh, primitive mesh, or heightfield mesh 

Can be grouped/ ungrouped (also merged) 

Optimized for fas t ca lcula tions  
 
 

Dummies 

Auxiliary reference frame & helper object 
 
 



Joints and Force/Torque Sensors 

Joints 

Revolute-type • Prismatic-type • Screw-type • Spherical-type 

Velocity, pos ition, spring/ damper or force controlled 

Behavior is  controlled by phys ical engine 

Easy to do inverse kinematics  

 
 
 Force/Torque Sensors 

Measures  force and torque 

Can conditionally break apart 
Used to ‘glue’ rigid parts  together  
(not as  s trong as  grouping, but keeps  individual dynamics ) 

 
 
 



Cameras, Lights, and Mirrors 

Cameras 

Perspective /  orthographic projection 
Tracking & automatic view-fitting 

function 
 

Lights 

Spotlight /  directional /  omnidirectional 

Mirrors 

Mirror or s cene /  object clipping function 



Cameras, Lights, and Mirrors 

http://www.youtube.com/watch?v=193Vlb-kNP4


Proximity Sensors 

 

More than s imple ray-type detection 

Configurable detection volume 

Can be used to model a lmos t any type of proximity s ensor, from ultrasonic to 

infrared, and so on. 



Graphs 

Time graphs  • X/ Y graphs  • 3D curves  • Can be exported 

Us eful debugging tool! 

http://www.youtube.com/watch?v=DeWDSwN7FRg


Vision Sensors 

Integrated image proces s ing • Ray-traced rendering a lso available 

http://www.youtube.com/watch?v=Z8ytLpOEK_E


Paths and Mills 

Paths 

6 dim. tra jectory definition 
Generate a  path from the edge 

of a  shape. 

Mills 

Cus tomizable cutting volume 

Cuts  shapes  (i.e. meshes ) 



Octrees and Point Clouds 

Point Clouds 

Point container 

https://drive.google.com/file/d/1e8j0_ChtKWeXx7lipEmrEyaqba3bjqM8/view


Calculation modules 

 

 

 

 

5 bas ic a lgorithms  

Can be combined with each other 

Scene 
Objects  

Control 
Mechanisms  

Calculation 
Modules  



Calculation modules 

Calculation 
Modules  



Inverse/ forward kinematics & Minimum Distance Calculations  

Inverse/forward kinematics 

Any mechanism: redundant, branched, closed, etc. 
Damped /  undamped resolution 

Weighted resolution • Conditional resolution 

Obs tacle avoidance 

 
 

Minimum Distance Calculations 

Any mesh • Any point cloud • Any 

individual point 

 



Collision Detection and Path Planning 

Collision Detection 
Any mesh • Any point cloud • Any individual point 

 

 
 

Path Planning 
Planning tasks  in 3D-

space, and in 2D-space 
for vehicles  with non-

holonomic motion 
cons tra ints . 

 

 
 

http://www.youtube.com/watch?v=IIhuMS7qj_M


Collision Detection and Path Planning 

Collision Detection 
Any mesh • Any point cloud • Any individual point 

 

 
 

Path Planning 
Planning tasks  in 3D-

space, and in 2D-space 
for vehicles  with non-

holonomic motion 
cons tra ints . 

 

 
 

http://www.youtube.com/watch?v=IIhuMS7qj_M
http://www.youtube.com/watch?v=JAs2yciPjvM


Dynamics /  Physics 

4 physics engines: 
➢ Bullet Phys ics  
➢ Open Dynamics  Engine (ODE) 
➢ Vortex Dynamics  
➢ Newton Dynamics  

Simple switching 

Dynamic particles  to s imulate a ir or 
water jets  

 

 
 



Dynamics 

Static/ non-s ta tic shapes  
respondable/ non-respondable shapes  (masks) 
 
 



Control Mechanisms 

 

 

 

6 methods  or interfaces  

7 languages  
All methods  can be used a t the s ame time, 

and even work hand-in-hand 

Scene 
Objects  

Control 
Mechanisms  

Calculation 
Modules  



Control Mechanisms 

Control 
Mechanis ms  

Embedded 
Scripts 

Remote 
API clients 

Plugins ROS nodes 

Add-ons 



Control Mechanisms 

Embedded 
Scripts 

Plugins 

Add-ons 

Remote Interface 
Different proces s  /  

hardware 

 

 
 

Local Interface 
Same proces s  

 

 
 

Remote 
API clients 

ROS nodes 



Control Mechanisms 

Embedded 
Scripts 

Plugins 

Add-ons 

Over 500 API functions  
(Extendable) 

Can be a ttached to any s cene object 

Many Lua extens ion libraries  available 

Threaded or non-threaded 

Various  types : main s cript, child s cripts , ca llback s cripts   
(e.g. cus tom joint controllers ) 

Lua interface 

Lightweight and easy to program (child s cripts ) 
→ Initia liza tion • Actuation • Sens ing • shut down 

Extremely portable solution 

 



Control Mechanisms 

Embedded 
Scripts 

Plugins 

Add-ons 

Non-threaded child s cript 

 
 

 
 



Control Mechanisms 

Embedded 
Scripts 

Plugins 

Add-ons 

Over 500 API functions . Extendable 

C/ C++ interface 

Used to provide V-REP with a  specia l functionality requiring 
either fas t ca lcula tion capability (s cripts  are mos t of the time s lower than 
compiled languages ), a  specific interface to a  hardware device (e.g. a  
real robot), or a  specia l communication interface with the outs ide 
world 

The ROS functionality is  placed in a  plugin 



Control Mechanisms 

Embedded 
Scripts 

Plugins 

Add-ons 

Over 400 API functions . Extendable 

Lua interface 

Can cus tomize the s imulator 

Lightweight and easy to s et-up 

Can s tart automatically and run in the background, or they can 
be called as  functions  

 

 

 



Remote 
API clients 

ROS nodes 

Control Mechanisms 

Over 100 API functions 
(Extendable) 

Client (your program) - Server (v-rep plugin) relationship 

C/C++, Python, Java, Matlab, Octave, Lua & Urbi interfaces 

Lightweight and easy to use 

 

 

 

 

Python Example 

 
 

 
 



Remote 
API clients 

ROS nodes 

Control Mechanisms 

Plugin-based 

It acts as a ROS node that other nodes can communicate with 
via ROS services, ROS publishers and ROS subscribers 

Supports all standard messages and is extendable 

Generic (e.g. easy to change program from communicating with 
the simulation to communicating with a real robot) 

I successfully compiled it with ROS Kinetic in ubuntu 16.04 

 

 

 



Control Mechanisms 

1) C/ C++ API Calls  

2) Cascaded Child s cript execution 

3) LUA API calls  

4) Cus tom LUA API callbacks  

5) V-REP event callbacks  

6) remote API function calls  

7) ROS trans it 

8) cus tom communication  
a) s ocket, s erial, pipes , etc. 

9) Add-on calls  to LUA API 

10) Script callback calls  



Control Mechanisms 

If in doubt, use their webs ite! 
http:/ / www.coppeliarobotics .com  

http://www.coppeliarobotics.com


Other features - Custom User Interfaces (QT-Based) 



Other features - Mesh Edit Modes 

❏ Triangle, vertex or edge edit mode 

❏ Modify meshes  (adjus t vertices , add/ remove triangles ) 

❏ Semi-automatic primitive shape extraction function 

❏ Triangle, vertex or edge extraction 

❏ Mesh decompos ition 

❏ Convex decompos ition 

❏ Convex hull extraction 

❏ Mesh decimation 



Other features 

❏ Headles s  mode support (i.e. via  command line) 

❏ Import formats : OBJ , STL, 3DS, DXF, COLLADA & URDF 

❏ Model browser and s cene hierarchy 

❏ Multilevel undo /  redo 

❏ Movie recorder (w. ray tracing) 

❏ Simulation of paint or welding s eams  

❏ Static & dynamic textures  

❏ Exhaus tive documentation 

❏ Etc. 



V-REP Source Code Licens ing 



V-REP webs ite: www.coppeliarobotics .com   

V-REP us er manual: www.coppeliarobotics .com/ helpFiles /    

V-REP forum: www.forum.coppeliarobotics .com   

V-REP YouTube channel: VirtualRobotPlatform   

V-REP Twitter account: coppeliaRobotic  

Res ources  

http://www.coppeliarobotics.com
http://www.coppeliarobotics.com/helpFiles/
http://www.forum.coppeliarobotics.com


Starting your own project in GoRobots 

 

 



Starting your own project in GoRobots 

1. Ask for membership in ENS group 
on GitLab (Koh, J an-Matthias , or Me) 

 



Starting your own project in GoRobots 

1. Ask for membership in ENS group 
on GitLab (Koh, J an-Matthias , or Me) 

2. Fork your vers ion of GoRobots  

Press this 



If you forked later than 08.47 this morning do this! 

1) Configure a  remote that points  to the ups tream repos itory in Git 

 $ git remote add ups tream git@gitlab.com:ens_sdu/ gorobots .git 

2) Fetch the branches  and their respective commits  from the ups tream repos itory 

 $ git fetch ups tream 

3) Check out your fork's  local mas ter branch. 

 $ git checkout mas ter 

4) Merge the changes  from ups tream/ mas ter into your local mas ter branch (Sync.) 

 $ git merge ups tream/ mas ter 

5) Check for merge conflicts  with (you may need to ins ta ll meld) 

 $ meld . 

 

No Important Changes (Check with meld)? → $ git reset --hard 

mailto:git@gitlab.com


Starting your own project in GoRobots 

1. Ask for membership in ENS group 
on GitLab (Koh, J an-Matthias , or Me) 

2. Fork your vers ion of GoRobots  

3. Clone your fork to your Pc 

git clone “this address” 



1. Ask for membership in ENS group 
on GitLab (Koh, J an-Matthias , or Me) 

2. Fork your vers ion of GoRobots  

3. Clone your fork to your Pc 

4. Get pendulum s imulation up and 
running by following the guide in 
the readme file 

Starting your own project in GoRobots  

Please write me on mathias@mmmi.sdu.dk if you find any errors in the guide 

mailto:mathias@mmmi.sdu.dk


Starting your own project in GoRobots 

1. Ask for membership in ENS group 
on GitLab (Koh, J an-Matthias , or Me) 

2. Fork your vers ion of GoRobots  

3. Clone your fork to your Pc 

4. Get pendulum s imulation up and 
running by following the guide in 
the readme file  

5. Start your own project and use the 
following s tructure 

Your controller here →  
e.g. /controllers/pendulum/pendulumController.cpp  
 

Your makelistcatkin and child script here → 
       e.g. /projects/pendulum/catkin_ws/src/...  

Your v-rep sim (.ttt) in v-rep_simulations in here → 
       e.g. /utils/v-rep_simulations/pendulum/ pendulum.ttt 
 
  



Starting your own project in GoRobots 

1. Ask for membership in ENS group 
on GitLab (Koh, J an-Matthias , or Me) 

2. Fork your vers ion of GoRobots  

3. Clone your fork to your Pc 

4. Get pendulum s imulation up and 
running by following the guide in 
the readme file  

5. Start your own project and use the 
following s tructure 

6. End your project with a  merge 
reques t 

Press this 



Questions and Getting started 

Any Ques tion? 
 

Try getting the pendulum s imulation to run on 
your PC! 



Installing VORTEX Physical engine 

1) Go to: https :/ / www.cm-labs .com/ licens es /   

2) Create free account 

3) Go to: My Account > Downloads  (the download page) 

4) Pres s : Optional Download > Vortex Studio (Linux) 

5) Then go to: My Account > Licens es  

a) Then reques t a  licens e for Vortex Studio Es s entia ls  

6) Extract the downloaded folder 

a) Go to “Vortex_Studio…/ bin” (in the terminal) 

b) Then run “./ VortexLicens eManager --activate KEY” 

7) Res tart V-REP 

https://www.cm-labs.com/licenses/


V-REP Overview 

What is it? 

 

 

What can it do ? 

 

 

Typical applications ? 

General purpose robot s imulator with integrated 
development environment 

 

 
Sensors , mechanisms , robots  and whole sys tems  
can be modelled and s imulated in various  ways  

 

 

 
Fas t prototyping and verification 
Controller development 
Hardware control 
Simulation of factory automation sys tems  
Safety monitoring 
Product presenta tion 
etc. 
 

http://www.youtube.com/watch?v=gBYqOBdIcaY
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