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Agenda

ÅMatlab and Simulink ςintroductionςwhat is it for?

ÅMATLAB and Simulink for robotics
- mobile robotics
- roboticmanipulators

ÅWorkingwith hardware

ÅMicrocontrollerprogramming
- automatic codegeneration
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MATLAB and Simulink
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Algorithm modeling ςwhy?
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Youcanmodel and simulateΧ

Dynamicsystems

Algorithms
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Simulink

Stateflow

MATLAB
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Algorithm Modeling in MATLAB and Simulink

One multidomainenvironment for wholesystem

èhttps://www.mathworks.com/solutions/system -

design - simulation.html

ÅCreate executable specifications

ÅDesign with simulations
ςEliminate ambiguity

ςFacilitate team communication and 
component-based modeling

ςAnalyze and improve requirements and design
through simulation

ςTest system performance before building 
physical prototypes

ςAutomate document generation

Requirements

Design

Physical Components 

Environment

Algorithms

MCU DSP FPGA ASIC

Embedded 
Software

Digital 
Electronics

C, C++ VHDL, Verilog

Implement

Integration

https://www.mathworks.com/solutions/system-design-simulation.html
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Algorithm Modeling in Simulink

DC Motor
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Control logicdesign with StateflowΧ

Χ implementedin readableand universalway

èhttps://www.mathworks.com/learn/tutorials/

stateflow - onramp.html

ÅUseflow chartsand statemachinesto 
developschedulers, fault management 
systems, supervisorymodelogicetc.

ÅExplicitlycontrol timing with eventsto 
createmessagebasedcommumnication
protocoolsand hybridsystems

Å Integratesseamlesslyinto Simulink 
diagrams, canbe usedas standalonelogic
for MATLAB applications

https://www.mathworks.com/learn/tutorials/stateflow-onramp.html
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UsingMATLAB with Other Programming Languages

èhttps://www.mathworks.com/help/matlab/exter

nal - language - interfaces.html

ÅCall MATLAB functionsfrom external
applicationswith MATLAB Engine API

ÅUsecomponentsfrom other languages

Å Integrateexternalsourcecodewith 
MATLAB scripts and Simulink blocks

ÅDeployMATLAB scripts and applicationsto 
other languagepackagesand components

ÅGenerate C/C++ codefrom Simulink Models

ÅGenerate, Import and SimulateCa¦Ωǎin 
Simulink Models

.NET .COM

libraries
.dll .lib etc.

https://www.mathworks.com/help/matlab/external-language-interfaces.html
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MATLAB and Simulink for robotics
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MATLAB and Simulink for robotics

¦!±Ωǎ Marine Robots

Mobile RobotsManipulators
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MATLAB and Simulink for robotics

How can I model sensors and platforms?

Control

How can I design autonomous algorithms? 
How can I test and deploy robotics 

applications?

Robot 
Models

Simulate
and
Test

Deploy

Sensor
Models

Planning

Perception
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Mobile Robotics
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Robot and environment modeling methods

Physicalmodel

SimscapeMultibody

Kinematicsmodel

Robotics System Toolbox Robotics System Toolbox

Externalmodel
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Modeling robot dynamics with SimscapeMultibody

Crawler Legged DroneTwo-wheeled
vehicle

Automobile

CAD Import
Contact / Friction

Contact Forces Library
Rough road
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Modeling and Control of a Mars Rover

ςGrid Surfacefor modeling the rigid terrain surface. 

ςPoint Cloudand Spatial Contact Forcefor modeling 
the contact between the rover wheels and the 
rigid terrain. 

ςPure Pursuit for path tracking control of the rover. 

ςKinematicsSolverand Trapezoidal Velocity Profile 
Trajectoryfor joint space trajectory planning and 
control of the rover arm.

ςJoint Mode Configuration for modeling the 
interaction between the end effector and the 
sample.

Mars Rover 
Modeling

Terrain 
Modeling

Spatial Contact 
Force 

Modeling

Path Tracking 
Control

End Effector 
Control

https://www.mathworks.com/help/physmod/sm/ref/gridsurface.html
https://www.mathworks.com/help/physmod/sm/ref/pointcloud.html
https://www.mathworks.com/help/physmod/sm/ref/spatialcontactforce.html
https://www.mathworks.com/help/robotics/ref/purepursuit.html
https://www.mathworks.com/help/physmod/sm/ref/simscape.multibody.kinematicssolver.html
https://www.mathworks.com/help/robotics/ref/trapezoidalvelocityprofiletrajectory.html
https://www.mathworks.com/help/robotics/ref/trapezoidalvelocityprofiletrajectory.html
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Sensor modeling for localizationsimulations

Sensor simulations for localization(IMU / GPS / Altimeter / 2D-LiDAR / GNSS / INS / wheel encoder)

gnssSensor Simulate GNSS to generate position and velocity readings

altimeterSensor Altimeter simulation model

gpsSensor GPS receiver simulation model

imuSensor IMU simulation model

insSensor Inertial navigation and GPS simulation model

rangeSensor Simulate range-bearing sensor readings

wheelEncoderUnicycle Simulate wheel encoder sensor readings for unicycle vehicle

wheelEncoderBicycle Simulate wheel encoder sensor readings for bicycle vehicle

wheelEncoderDifferentialDrive Simulate wheel encoder sensor readings for differential drive vehicle

wheelEncoderAckermann Simulate wheel encoder sensor readings for Ackermann vehicle

kinematicTrajectory Rate-driven trajectory generator

timescope Display time-domain signals

waypointTrajectory Waypoint trajectory generator

nmeaParser Parse data from standard NMEA sentences sent from GNSS receivers

gpsdev Connect to a GPS receiver connected to host computer

Range sensor (2D LiDAR)

Accelerometer, Gyroscope, 
Magnetometer

https://www.mathworks.com/help/nav/ref/gnsssensor-system-object.html
https://www.mathworks.com/help/nav/ref/altimetersensor-system-object.html
https://www.mathworks.com/help/nav/ref/gpssensor-system-object.html
https://www.mathworks.com/help/nav/ref/imusensor-system-object.html
https://www.mathworks.com/help/nav/ref/inssensor-system-object.html
https://www.mathworks.com/help/nav/ref/rangesensor-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderunicycle-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderbicycle-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderdifferentialdrive-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderackermann-system-object.html
https://www.mathworks.com/help/nav/ref/kinematictrajectory-system-object.html
https://www.mathworks.com/help/nav/ref/timescope.html
https://www.mathworks.com/help/nav/ref/waypointtrajectory-system-object.html
https://www.mathworks.com/help/nav/ref/nmeaparser-system-object.html
https://www.mathworks.com/help/nav/ref/gpsdev-system-object.html
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Sensor modeling - different approaches

Sensor data import Simulation model Gazebo model

ROS Toolbox NavigationToolbox Robotics System Toolbox
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Sensor modeling - not justαм5έ

Mutli-Lidar Calibration VelodyneLidar Lidar and Camera

Automated Driving Toolbox
Simulink

ROS Toolbox Lidar Toolbox
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Task and motion planning algorithms

A* and HybridA* RRT and RRT* Trajectory Optimization
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Task and motion planning algorithms

Task scheduling Dynamic replanning

Robotics System Toolbox Navigation Toolbox

Trajectory Optimization

Navigation Toolbox
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Pathfollowing andcontrols

Reinforcement learning

RoboticsSystemToolbox

Reinforcement Learning Toolbox

Nonlinear MPC

Automated Driving ToolboxTM

Model Predictive Control ToolboxTM

Navigation ToolboxTM

Optimization

Navigation Toolbox
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Simultaneous Localization and Mapping(SLAM)

Import data Process data
Generate 

pose graph
Optimize 

pose graph

Build 
occupancy 

map

Á Loop closure estimation

Á Trajectory Estimation And Refinement 
Using Pose Graph Optimization

Á Build and Visualize 3-D Occupancy 
Map
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Autonomousnavigationin varyingenvironment

Á A* path planner

Á Vector field histogram (VFH) algorithm 
to avoid obstacles

Á Gazebo co-simulation

Task 
scheduling

Path 
planning

Trajectory 
planning

Path 
following

Controls
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RoboticManipulators
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Modeling robot manipulator kinematicsand dynamics
Robot Model

Environment

CAD Assembly
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D-H notation and rigidBodyTree()

ÅDenavit-HartenbergNotation

ςMethod of describingthe structureof serial-
link manipulator

ςUsesfour parametersto describe
transformationbetweenrobot links

Å -h link twist/offset angle

Åa - link length

Åd - link offset

Å -̒ joint angle

Å rigidBodyTree()
ςa!¢[!.ΩǎRoboticSystem Toolbox 

representationof the connectivityof rigid
bodieswith joints

ςa Class to build robot manipulator modelsin 
MATLAB
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Modeling robot manipulator kinematics

InverseKinematicsDesinerApp

ÅBuilt-in App for designing IK solvers, 
configurations and waypoints

ÅTakes rigidBodyTree() object as an input 
and calculates joint angles based on user 
constraints:
ςPose, aiming, cartesian bounds (i.e. work area), 

joint bound (i.e. angle range) 
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Modeling robot manipulator kinematics
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Modeling robot manipulator kinematics
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Workingwith hardware
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MATLAB Connects to Your Hardware Devices

Vehicle Network Toolbox
CAN, CAN FD, J1939, and XCP protocol devices

Instrument Control Toolbox
Test instruments and serial devices

Data Acquisition Toolbox
Plug-in data acquisition devicesand sound cards

Image Acquisition Toolbox
Industrial and scientific cameras
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Hardware support packages
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Simulink hardware connectivity

ÅReadyto useblocksfor communicating
with externaldevices

ÅAllowsfor data acquisitionand model-
basedcontrol of devices

ÅSupportsvarioustypesof protocols:
ςSerial, TCP/IP, UDP, USB

ςVISA (Virtual Instrument Software 
Architecture)

ςGPIB
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Perception+ Planning + Control in real Hardware

Synthetic data generation with simulator Data acquisition with hardware
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Pickand Place Application

AI model
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Microcontroller programming
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Hardware support packages and Automatic Code Generation

ÅTurnsintuitive Simulink modelsΧΦ ÅΧinto readableand traceableC source
code

<=>
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Support Packages- Features

Hardware Support Packagesfor direct implementation

ÅApplieshardware specificconfigurations
and featuresto codegenerationsettings
ςhardware interrupts, timers, communication

interfacesetc.

ÅProvidesI/O driversas MATLAB Functions
or Simulink blocks

ÅSupportsspecifichardware includingARM, 
Intel, NXP, STMicroelectronicsand Texas 
Instruments
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Hardware support packages and Automatic Code Generation

http://www.mathworks.com/hardware -support/

https://thingspeak.com/
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Arduino Support Packagefor Simulink

ÅSupportsvariousArduinomodels

ςincludingShieldextensionboards

ÅGeneratecode, implement, and live-tune
with externalmode

ÅCreatestandaloneapplications

ÅFunctionsand blocksfor HW peripherials

ςAnalog/Digital IO

ςPWM, I2C, SPI and other communication
interfaces

ςout-of-the-boxblocksto control servomotors, 
DC motors, readdata from encodersand other
sensors
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Arduino Support Packagefor Simulink
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RaspberryPI Support Packagefrom Simulink
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LEGO MinsdstormsSupport Packagefor Simulink



ϭ2023 www.ont.com.pl

ϭ2023 www.ont.com.pl 46

Examplesof use
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Summary
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