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Chapters Objectives

The main objectives of this chapters are:

dUnderstand the structure of a simple
mobile robot

JAnalyze its mechanical and kinematic
model

dControl its motion using Webots and
Python

dLink mathematical models to simulated
behavior
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Software to install: Webot simulator
Available for free at : www.cyberbotics.com

& G O httpsy/cyberbotics.com SRR 8 = :. o Wy Chat

Cyberbotics Services Webots News Blog Download

Discover bundled demos running out-of-the-box.
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Simulate educational Simulate mobile Interface simulated Simulate assembly lines
robots in your classroom manipulators and train robots with your favorite to prototype your
to train your students. your Al model. robotics framework production plant.
such as ROS.
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Documentation wv Contact us

Simulate complex
physics such as
mechanum wheels or
tracks simply from a
high level of abstraction.




Why Use Webots?
- i Webots News Blog Download Documentation v  Contact us
S I l I I u I ato r Discover bundled demos running out-of-the-box.
- 1 1 L —

No hardware required =" = ‘

Simulate autonomous Simulate flying drones, Simulate fret robots Run simulation contests. Simulate service robots

vehicles, traffic flow on underwater robots or roaming uneven Use Supervisor scripts interacting with
D S u O rtS P t h O n ‘ maps imported from swimming robots using outdoor grounds. to manage your contest customizable indoor

] ] OpenStreeMap. simple fluids dynamics. rules. environmen ts.
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The Simplest Robot: Differential-Drive
Robot
Structure:

dTwo driven wheels

(1 One passive caster wheel

Rigid chassis

dDegrees of freedom:

dPosition: x,y

Orientation: 6

The e-puck i1s a small (7 cm) differential wheeled mobile robot. It was originally
designed for micro-engineering education by Michael Bonani and Francesco
Mondada at the ASL laboratory of Prof.

The e-puck Is open hardware and its onboard software is open-source, and is built and
sold by several companies.
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Technical detalils
O Diameter: 70 mm
 Height: 50 mm
O Weight: 200 g
 Max speed: 13 cm/s
1 Autonomy: 2 hours moving
Q dsPIC 30 CPU @ 30 MHz (15 MIPS)
d 8 KB RAM
144 KB Flash
1 2 step motors
O 8 infrared proximity and light (TCRT1000)
1 color camera, 640x480
8 LEDs in ring + one body LED + one front LED
1 3D accelerometers
3 microphones
1 loudspeaker
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Differential-Drive Kinematics

Let:

O oL: left wheel angular speed
4 oR: right wheel angular speed

Linear velocity

Angular velocity

Motion cases

V= —
2

=

(Wp + wr)

(wr — wr)

Wheel speeds

Robot motion

wL=wR Straight line
wL=-wR Rotation in place
wL #wR Circular motion
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Controller Concept
Controller = program that:
1 Reads sensors
d Computes commands
 Drives actuators

Programming Flow In
Webots

 Create robot in Webots
1 Assign a controller

- Read motor devices

In Webots: IC
3 Controller runs in discrete - Set wheel velocities
time 1 Run simulation

1 Motors are velocity-controlled
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Controller_1 — straight forward move

The objective of this first program is to move the
robot from an initial position to a final position
The objective is to show how to perform a simple
moving task in order to get familiar with robot
simulation

Initial position

Final position

A. LASSIOUI 9



¢ Imports the Robot class from the Webots controller API.
¢ This class provides access to:
Webots Control Code (Python) (part 1) * Simulation timing
e Actuators (motors)
from controller import Robot e Sensors
¢ Communication with the simulated robot
# Create the Robot instance * Without this import, the controller cannot interact with the Webots simulation.
robot = RObOt() ¢ Instantiates the Robot object.
® This object represents the current robot instance in the Webots world.
# Get simulation time step ¢ Allinteractions with motors and sensors are performed through this object.

timestep = int(robot.getBasicTimeStep())

® Retrieves the basic simulation time step defined in the Webots world file (in
milliseconds).

# Get motors _ ¢ The controller loop must run synchronously with this timestep.
left_motor = robot.getDevice("left wheel motor™) .

right_motor = robot.getDevice("right wheel motor")

Converting to int is required because robot.step() expects an integer.

® Retrieves the motor devices by their exact names as defined in the Webots robot

model.
# Set motors to VGIOCity control mode e FEach motor is an instance of the Motor class.
left_motor.setPosition(float('inf')) e These objects allow control of
right_motor.setPosition(float(‘inf")) e Position
e Velocity

¢ By default, Webots motors operate in position control mode.

. . _ " ) e Torque (depending on configuration)
¢ Setting the position to « disables position control and enables velocity control. '

¢ This is mandatory when implementing:

e Differential drive

e (Continuous motion
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e Defines variables that will store wheel angular velocities.

Webots Control Code (Python) (part 2) e \alues are expressed in radians per second (rad/s).
e [nitialization prevents undefined behavior at startup.

# Initial speeds

Igft_speed =0.0 ® Represents the maximum allowable angular velocity of the motor. I
right_speed = 0.0

® 6.28 rad/s = 2m rad/s = 1 revolution per second

e This value is robot-dependent and usually specified in the robot’s datasheet or model.

# Maximum motor speed (depends on robot)

MAX_ SPEED = 6.28 # rad/s ® This is the real-time control loop.
® robot.step(timestep) :
# Main control Ioop e Advances the simulation by one timestep
while rObOt-Step(timeStep) I=-1: e Returns -1 when the simulation ends
e All sensing, decision-making, and actuation must occur inside this loop.
# -mmmmeee Motion selection --------
This is equivalent to a discrete-time control system.
# 1. Move forward e Sets both wheel speeds to 50% of the maximum speed.
|eft_5peed =05* MAX_SPEED e Since both wheels rotate at the same speed:
right_speed = 0.5* MAX_SPEED * The robot moves straight forward
e This corresponds to a basic open-loop velocity command.
# Send commands to motors * Applies the computed velocities to the motors.
Ieft_mOtO r-SetVe|OCitY(|eft_Speed) e The motor controller inside Webots:

right_motor.setVelocity(right_speed) e Converts angular velocity to torque

e Updates wheel rotation in the physics engine

® These commands are executed at every timestep.



Aller vers file > New = New Project Directory

‘: C:\Users\LASSIOUI\Documents\my_project\worlds\TEST.wbt (my_project) - Webots R2025a = O X
Edit View Simulation Build Overlays Tools Help

_ New Project Directory... (=] ..nts\my_project\controllers\inverse_kinematics\inverse_kinematics.py (@]

& Open World... Ctrl+Shift+O  New World File... culisshitsN P > P B ® ® < & —fF— D = B Q Qg

Open Recent World » New Robot Controller... inverse_kinematics.py

Open Sample World... New Physics Plugin... d # Copyright 1996-2024 Cyberbotics Ltd.

B Save World Ctrl+Shift+S ~ New PROTO... E# . : : : z o
3 # Licensed under the Apache License, Version 2.0 (the "Lice

Save World As... 4 # you may not use this file except in compliance with the I

O Reload World Cirl+Shift+R 2; You may obtain a copy of the License at

M4 Reset Simulation Ctrl+Shift+T 7E:3 https://www.apache.org/licenses/LICENSE-2.0

. 8 #

New Text File Ctrl+N ; 2 2 S
0N 9 # Unless required by applicable law or agreed to in writing
@ Open Text File... Ctrl+O 10 # distributed under the License is distributed on an "AS I

Save Text File Cirl+S 11 # WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either expr

aV c ric i+

42 # See the License for the specific language governing permi
13 # Limitations under the License.

14

45 """Demonstration of inverse kinematics using the "ikpy" Pyt
16 import sys

17 import tempfile

18 try:

19 import ikpy

20 from ikpy.chain import Chain

21 except ImportError:

22 sys.exit('The "ikpy" Python module is not installed.

B) Save Text File As..

Save All Text Files

Q Revert Text File Ctrl+R

Print Preview...

Print... Ctrl+P

@ Take Screenshot..  Ctrl+Shift+P

# Make Movie...
& Share. ;i To run this sample, please upgrade "pip" and
Exit Ctrl+Q 25 import math
26 from controller import Supervisor
27
28 if ikpy._ version_ [0] < '3":
29 sys.exit('The "ikpy" Python module version is too old.
30 'Please upgrade "ikpy" Python module to versic
31
32
Console - All @ [E3)

INFO: inverse_kinematics: Starting controller: python.exe -u inverse_kinematics.py
The "ikpy" Python module is not installed. To run this sample, please upgrade "pip" and install ikpy with this command: "pip install ikpy"
WARNING: "inverse_kinematics' controller exited with status: 1.
INFO: inverse_kinematics: Starting controller: python.exe -u inverse_kinematics.py
File "C:\Users\LASSIOUI\Documents\my_project\controllers\inverse_kinematics\inverse_kinematics.py"”, line 16
pip install ikpy

AAAAAAA

SyntaxError: invalid syntax

Create a new project directory.

H L Type here to search A . ‘ ‘ £ YR 17772026
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Add an e-puck robot

In the Scene Tree

Click Add — Robot

Navigate to:

robots — gctronic — e-puck

Insert E-puck - - - - -

IMPORTABLE EXTERNPROTO

# Worldinfo
You now have: ® Viewpoint
. . . ¥ TexturedBackground
Differential-drive robot s rexuredsackgroundtisht
Two wheel motors

Ready for control

translation 0 0 0
rotation00 10

name "rectangle arena”
contactMaterial "default”

floorSize 11
@ floorTileSize 0.5 0.5

> @ floorAppearance Parguetry
@ wallThickness 0.01

Selection: RectangleArena (Solid)

Node Position  Velocity

DEF:

Print EXTERNPROTO
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#’l Add a node

»
»
»
»
»
»
»
»
»
»
»
W

bitcraze
bluebotics
boston_dynamics
clearpath
dji

epfl

epson
festo
fp_robotics
franka_emika
fujitsu
gctronic

v e-puck
> elisa
husarion
irobot
k-team
kinematics
kondo

kuka

lego
micromagic
mir

maobsya

E-puck (Robot)

EPFL educational and research mini mobile robot.
The e-puck is powered by a dsPIC processor and
features a very large number of sensors in its
basic configuration. More info here: http://
www.e-puck.org.

Documentation: hifps

License: Copyright Cyberbotics Ltd. Licensed for
use only with Webots. More information.

Add Cancel

inverse_kinematics.py

1# Copyright 1996-20824

34

3# Licensed under the
4 # you may not use thi

5# You may obtain a co

6 #

1 # https://www.apa

8 #

9 # Unless required by
10 # distributed under t
11 # WITHOUT WARRANTIE
12 # See the License for
13 # Limitations under t
14
15 """Demonstration of 1
16 import sys
17 import tempfile
18 try:

19 import ikpy

20 from ikpy.chain i
21 except ImportError:
22 sys.exit('The "ik
23 'To run
24

25 import math

26 from controller impor
27

28 if ikpy._ wversion_ [@
29 sys.exit('The "ik
30 'Please
31

32




Add an e-puck robot )

In the Scene Tree e
Click Add — Robot

Navigate to:

robots — gCtroniC — e_puck JleArena (Solid)
Insert E-puck ocity

ushedAluminium

You now have:
Differential-drive robot
Two wheel motors
Ready for control

10 # distribute
A1 # WITHOUT W/
12 # See the L1
13 # Limitatior
14

15 "“""Demonstrc
16 import sys
17 import tempt
18 try:

19 import i
20 from ikp
21 except Impor
22 sys.exit
23

24

25 import math
26 from control
27

28 if ikpy._ ve
29 sys.exit
30

—~a




Assign a Controller to the Robot
Aller dans le dossier de travail et créer un dossier appelé
simple_controller puis un fichier simple_controller.py

| = | simple_controller

Home Share View
* [ ] gy Cut . x I '4__T'_L| Mew item ~ \/j 24 Open Hﬂ Select all
Ww.| Copy path -

ﬂ Easy access ~

Edit 10 Select none
Pin t ick Copy Past Move Copy  Delete R M p rti
macie[::';”c R e [#] Paste shortcut t;:ﬁ.e tgm E,E = e fnl?t':r mpf = £ History DD Invert selection
Clipboard Organize Mew Open Select
— v T > Robotic_Simulations > TwoWhellRobot »> controllers *> simple_controller
- A o
B Videos Name Date modified Type
@ Network A simple_controllert 1/7/2026 4:55 PM Python File
Control Panel

ﬂ Linux

& Recycle Bin
idea

AND_GATE
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Assign a Controller to the Robot

Click the robot in the Scene Tree

In the Field Editor, find: Controller

Click on select then choose simple_controller.py

Click on the run button to lunch the simulation

oo200083 - o000x M P P » O ® E < & ——— D= ac

e-puck_avoid_obste
126 THRESHOLD = !
27

28 while robot.:

30 # Read a
31 values =

33 # Defaul
34 left_spe:
35 right_spt

37 # Obstac
38 if (value
39 valu
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[ IMPORTABLE EXTERNPROTO

> @ Worldinfo

> @ Viewpoint

> @ TexturedBackground

> @ TexturedBackgroundLight

> @ RectangleArena “rectangle arena”

<

@ E-puck "e-puck”
@ translation -0.294 -0.963 -4.12e-05
@ rotation -0.002 -0.00172 -1 1.79
name “e-puck”

controllerArgs

window "e-puck”

customData "

supervisor FALSE

synchronization TRUE

battery

e e e 2 B

Selection: controller (String)

]

simple_controller

Select... Edit

‘: Controller choice

Please select a controller from the list
(it will start at the next time step)
e-puck_cross-compilation

e-puck_line

e-puck_line_demo

line_follower

obstacle

SUMO_Supervisor




Assign a Controller to the Robot

Go to the controllers folder in the working directory and add two other controllers for performing the following tasks:
O Controller_2. py: The robot turns around itself

O Controller_3.py: the robot performs a circular motion

O controller_4.py: the robot performs a rectangular motion

LY

» Robotic_Simulations * First simulation * controllers

~ Name Date modified Type Size
controller_1 1/10/2026 3:13 PM File folder
Panel controller_2 1/10/2026 3:22 PM File folder
controller_3 1/10/2026 3:37 PM File folder
Bin controller_4 1/11/2026 3:13 PM File folder

A. LASSIOUI
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Solution for the circular and turn around
controllers

from controller import Robot

# Create the Robot instance
robot = Robot()

# Get simulation time step
timestep = int(robot.getBasicTimeStep())

# Get motors
left_motor = robot.getDevice("left wheel motor")
right_motor = robot.getDevice("right wheel motor")

# Set motors to velocity control mode
left_motor.setPosition(float('inf’))
right_motor.setPosition(float('inf'))

A. LASSIOUI

# Initial speeds
left_speed = 0.0
right_speed = 0.0

# Maximum motor speed (depends on robot)
MAX_SPEED = 6.28 # rad/s

# Main control loop
while robot.step(timestep) = -1:

# 2. Rotate in place (uncomment to test)
left speed = 0.5* MAX _SPEED
right_speed = -0.5 * MAX_SPEED

# 3. Circular motion (uncomment to test)
left speed = 0.3 * MAX_SPEED
right_speed = 0.6 * MAX_SPEED

# Send commands to motors
left_motor.set\Velocity(left_speed)
right_motor.setVelocity(right_speed)
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Solution for the rectangular motion

g C\Users\LASSIOUI\Desktop\Robotic_Simulations\Differential_Robot\controllers\controller_2\controller_2.py - Notepad++
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 2
dHHBR LA 4 DR 2e|ah *% BE51ENEDRe®| @@ HE

HmmmmmQMWmﬁmmd“wmwadﬂ@mymwdh@uwwmmndﬂmmmuwaﬁwmmgwm

1 from controller import Robot

2

3 # Create the Robot instance

4 robot = Robot ()

5

6 # Get simulation time step

7 timestep = int(robot.getBasicTimeStep())
8

9 # Get motors

10 left motor = robot.getDevice("left wheel motor™)
11 right meotor = robot.getDevice ("right wheel motor")
12
13 # Velocity control mode

14 left motor.setPosition(float('inf'))
15 right motor.setPosition(float('inf'))

16

17 # Motor parameters

18 | MAX SPEED = 6.28 # rad/s

19 | |

20 # Time parameters (in seconds)

21 FORWARD TIME = 5.0 # time to go straight

22 TURN TIME = 1.0 # time to turn 90 degrees (to adjust experimentally)
23

24 # State wvariables

25 state = "FORWARD"

26 state start time = robot.getTime ()
21

A. LASSIOUI

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50

CA

# Main control loop
[lwhile robot.step(timestep) != -1:

current time = robot.getTime ()
elapsed time = current time - state start time
= if state == "FORWARD":

# Move straight
left motor.setVelocity (0.5 * MAX SPEED)
right motor.setVelocity (0.5 * MAX SPEED)

= if elapsed time >= FORWARD TIME:
state = "TURN"

- state start time = current time

= elif state == "TURN":

# Turn on the spot (left turn)
left motor.setVelocity(-0.3 * MAX SPEED)
right motor.setVelocity (0.3 * MAX SPEED)

= if elapsed time >= TURN TIME:
state = "FORWARD"
state start time = current time

)



To do
Obstacle avoidance python code
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- ______________________________________________________________________________________________________________
Obstacle avoidance python program

from controller import Robot

# Create robot instance
robot = Robot ()
timestep = int(robot.getBasicTimeStep())

# Motors
left motor = robot.getDevice("left wheel motor")
right motor = robot.getDevice("right wheel motor")

left motor.setPosition(float('inf'))
right motor.setPosition(float('inf'"))

MAX SPEED = 6.28

# e-puck distance sensors
ps_names = ["psO0"™, "psl",
ps = []

(e 1}

"E)S2ll' "E)S:B"’ "E)Sd", "E)SJ ,

for name in ps names:
sensor = robot.getDevice (name)
sensor.enable (timestep)
ps.append(sensor)

# Obstacle detection threshold
THRESHOLD = 380.0
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"pS6" ,

"pS'? Il]

P

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
477
48
49

|
[while robot.step(timestep) 1= -1:

# Read all proximity sensors
values = [sensor.getValue() for sensor in ps]
# Default motion: forward
left speed = 0.5 * MAX SPEED
right speed = 0.5 * MAX SPEED
# Obstacle in front (ps0, psl, ps6, ps7)
if (values[0] > THRESHOLD or values[1l] > THRESHOLD or
values[6] > THRESHOLD or values[7] > THRESHOLD) :
left speed = -0.4 * MAX SPEED
right speed = 0.4 * MAX SPEED
# Obstacle on the right (ps2)
elif values[2] > THRESHOLD:
left speed = 0.5 * MAX SPEED
right speed = 0.2 * MAX SPEED
# Obstacle on the left (psb)
elif values[5] > THRESHOLD:
left speed = 0.2 * MAX SPEED
right speed = 0.5 * MAX SPEED
# Apply motor commands
left motor.setVelocity(left speed)
right motor.setVelocity(right speed)
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