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MATLAB and Simulink
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Simulink
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% Predicted state and cova

% prd = R * X _esat;
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Switching Threshold

Feedback Control
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Estimation
S=H=*pprd *H +R;
l:l'= H* pprd';

klm gain = (5 \ B)';

{ear_state

% Estimated sltate and covariance

up up {
Second ), Third Tourth i X est = x prd + klm gain * (z - H * x prd):
entry: o entry entry: H - - - . -
DO Gear=2;| pown Gear=3 DO | Gear=4; H p_est = p_prd = klm_galn <E p_prd;
° ’ZE'M‘DUME ) % Compute the estimated measurements
uring:
[down_th, up_th] = ComputeThresholdG e ar, Throttle); ¥y =H * x est;
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[Wehicle Speed <= down_th] [VehicleSpeed »= up_th]
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Algorithm Modeling in MATLAB and Simulink

Onemultidomainenvironment forwhole system

. L)y
A Create executable specifications )
A Design with simulations
¢ Eliminate ambiguity
¢ Facilitate team communication and Nu @ v
componentbased modeling fcn

¢ Analyze and improve requirements and design
through simulation

¢ Test system performance before building
physical prototypes

¢ Automate document generation

€ https://www.mathworks.com/solutions/system -
design - simulation.html

<FunctionName>

C Caller

/ Design

Environment

Physical Components

Algorithms

Embedded
Software Electronics

C, C++ VHDL, Verilog

MCU DSP FPGA
—



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

DC Motor
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Controllogicdesign withStateflowX

Queue /Door N /Motion

funcion b = Is_emply() Disabled
[Queue.is_full()] . " after(LtSample,s|_call)
= . . ENOUEUE {REJECT] {b=ront == back && incrementea) Do~ e
: - d(Alert Alarm);)
[ =) O hd 2 // send( Jlfarm))
2 nce function b= is_ull() [ T T
y Queue.enqueue(inTask);} b = front == back && incremented; Hive] / 5 il
O ; D && .
e I ‘
[Queue.is_empty()] function next = incremen(] C {send(Alert,Alarm);}
. DEQUEUE {outTask = 0;}
Useflow chartsand state machinego Y .
2
| {outTask = Queue.dequeue();}
1
developschedulersfault management ’
S g CLEAR Disabled
{outTask = 0;}
® 2@

systemssupervisorymodelogicetc.

MATLAB Function

A Explicitlycontrol timing with eventsto
createmessagdasedcommumnication -
protocoolsand hybrid systems

atter(4/tSample,s|_cally/
{call_police;}

A Integratesseamlesslynto Simulink Jisoms=s (- )

direction = MOVE_IDLE;
Idie doorOpen = 1;

diagramscanbe usedasstandalondogic e N PR

deregister(cur_floor);

. .
f r M T L Q & I I C tl n S [task_gueue[0]] [task_queue]0]] \ ex: doarOpen = 0;
( ’ ‘ \ a ‘ ' ') et
|] I] MoveToTask B H-""‘"—\-\__\_\_\_ Stopped 1 [fire_alarm]{status = EMERG;
du: move_to(task_gueue[0]); [should_stopi)] [—2 - ) resetTheElevatorCar();}
J I* Resets the imeout counter */|

N _/

e https://www.mathworks.com/learn/tutorials/
stateflow - onramp.html


https://www.mathworks.com/learn/tutorials/stateflow-onramp.html

UsingMATLAB with Other Programming Languages

A Call MATLARBInctionsfrom external
applicationsvith MATLAB Engine API

A Usecomponentsfrom other languages

A Integrateexternalsourcecodewith
MATLAB scripts and Simulinllocks

A DeployMATLAB scripts arapplicationsto
other languaggiackagesndcomponents

A Generate C/C+eodefrom SimulinkModels

A Generate, Import an@imulateC a ! iR &
SimulinkModels

€ https://www.mathworks.com/help/matlab/exter
nal - language - interfaces.html



https://www.mathworks.com/help/matlab/external-language-interfaces.html

MATLAB and Simulink fapbotics



MATLAB and Simulink fopbotics

Manipulators

Mobile Robots

Marine Robots

U=,
=

o
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MATLAB and Simulink fopbotics

How can | model sensors and platforms?

How can | design autonomous algorithms?

applications?

/.é e \ Simulate
Sensor o - and
Models : Test

Robot Planning

Models ‘
Deploy
Control

____________________________________________________________________________________________ D } )

How can | test and deploy robotics




Mobile Robotics
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Robot and environment modeling methods

Physicamodel Kinematicanodel Externalmodel

File ndow Help
% WOB %% % (mik
15 X N
R Geom i

Car

CarCi Ju i

e

Bot v - \6/\ state P Yv | " state P AR /0 state P idg/dt L(‘ state P

- s
Hdyior stateDotp Ay stateDot[p Yop,/dt = stateDot Pl

stateDot
Ramp Structure

Ackermann Kinematic Madel Bicycle Kinematic Madel Differential Drive Kinematic Model  Unicycle Kinematic Model

SmscapeMultibody Robotics Systerfoolbx Robotics Systeffoolbx



Modeling robot dynamics withSimscapeviultibody

Automobile Twowheeled Crawler Legged Drone
vehicle

Contact / Friction
CAD Import _ Rough road
Contact Forces Library
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Modeling and Control of a Mars Rover

Spatial Contact
Force

Path Tracking End Effector
®e]plife] Control

Mars Rover Terrain

Modeling Modeling Modeling

¢ Grid Surfacdor modeling the rigid terrain surface.

¢ Point Cloucand Spatial Contact Forder modeling
the contact between the rover wheels and the
rigid terrain.

¢ Pure Pursuifor path tracking control of the rover.

. ¢ KinematicsSolveasind Trapezoidal Velocity Profile
. Trajectoryfor joint space trajectory planning and
Ry control of the rover arm.

el ' ¢ Joint Mode Configuration for modeling the
Interaction between the end effector and the
y sample.



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 folocalizationsimulations

Sensor simulations for localizatigiMU / GPS / Altimeter / 2IDIDAR / GNSS / INS / wheel encoder)

Angular Velocit
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Accelerometer Reading
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HURRIAARIE
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RANARR]
3

2

Gyroscope Reading

5 7 ] 9 10
Magnetometer Reading

10
Time (s)

Accelerometer, Gyroscope,
Magnetometer

Range sensor (2D LIiDAR)

ganssSensor
altimeterSensor

sSensor
imuSensor
insSensor

rangeSensor
wheelEncoderUnicycle

wheelEncoderBicycle
wheelEncoderDifferentialDrive

wheelEncoderAckermann

kinematicTrajectory

Simulate GNSS to generate position and velocity readings
Altimeter simulation model

GPS receiver simulation model

IMU simulation model

Inertial navigation and GPS simulation model

Simulate rangéearing sensor readings

Simulate wheel encoder sensor readings for unicycle vehicle

Simulate wheel encoder sensor readings for bicycle vehicle
Simulate wheel encoder sensor readings for differential drive vehicle

Simulate wheel encoder sensor readings for Ackermann vehicle

Ratedriven trajectory generator

timescope Display timedomain 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
Blocks

MU IMU simulation maodel

NS Simulate INS sensor

GPS Simulate GPS sensor readings with noise


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

Sensor modeling different approaches

IMU Model
|' E‘E(% " Me wM ssage Received
G fodom red
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ROS Toolbox NavigationToolbox

Sensor data import Simulation model

Gazebo model

Gazebo
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Sensor modeling not justa m 5 €

Lidar and Camera

Mutli-Lidar Calibration Velodynel.idar

& Figure 1: Point Cloud Player [= @ ][=]
lllllllllllllllllllllllllllllllllllll

Dode @/ 08|k E

Automated Drivingloolbx ROS Toolbox Lidar Toolbox
Simulink | |



Task and motion planning algorithms

Y [meters]

A* and HybridA*

Hybrid A* Path Planner
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RRT and RRT

Occupancy Grid
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Trajectory Optimization

Binary Occupancy Grid

90 W0 M0 20 130 140 150 160 170 180
¥ [meters]

X [meters]
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Task and motion planning algorithms

Task scheduling

) nloading Station

X [meters]

Robotics System Toolbox
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Dynamiaeplanning
I FTTiT1
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Navigation Toolbox

Trajectory Optimization

Binary Occupancy Grid
50 T T T T T
®  Waypaints
40 Reference Path
— Optimal Trajectory

0 10 20 30 40 50 B0 70 80 0 100
X [meters)

Navigation Toolbox
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Pathfollowing and controls

Optimization Nonlinear MPC g Reinforcement learning
Binary Occupancy Grid i © - . e SR . ‘ ; i
e s ; T TTEm BT |
A N 0 -
- NN [ | !
0 10 20 30 4Dx[m5;er5]ﬁu 70 80 90 100 i : | ||l|—l!| |!| |m| | !0 i | i
Navigation Toolbox Automated Drivingroolbox™ RoboticsSysteniloolbox
Model Predictive ContrdloolboxM Reinforcement Learning Toolbox

NavigationToolboxM



Simultaneous Localization and Mappifi§LAM)

Build
occupancy
map

Generate Optimize
pose graph pose graph

Import data Process data

A Loop closure estimation

A Trajectory Estimation And Refinement
Using Pose Graph Optimization

A Build and Visualize-B Occupancy
Map
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Autonomoushnavigationin varyingenvironment

Task Path Trajectory Path
scheduling planning planning following

A A* path planner
] Tl A Vector field histogram (VFH) algorithm

Pose ' >

D .
o for ] 1 : to avoid obstacles

Waypoinis, getDir f—

v
w | Pepusit A Gazebo cesimulation
count> >
gleb anges. Rang:
<angle_min> —p| W
2 »
& BT he
Range rangeReadings
<angle_max> angles Angles \‘ ,, SteerDir
N
ranges
<range>
TargetDir

Vector Field Histogram

— gain
» +
;\' -- distance ToGoal 4
_ slowDownNearGoal yl 0a

robotGoal awayFromGoal




RoboticManipulators



Modeling robot manipulatorkinematicsand dynamics

File Explorer Simulation View Tools Window Help

4\ Mechanics Explorers - Mechanics Explorer-youBot_Arm - O X

¥ A X

aqh.;).& QA w®TDE I ] |view convention: | v

Mechanics Explorer-youBot_Arm |

*O ~

Environment

L

t

G @D | ¢

12} w m w o Solid : Solid - o X
2heowtAl L ad@TI e s

ic o s @ i

M Cmd
-

CAD Assembly

( p
R — Ll S
B-=-8 HEe-=- A R s T v
@
<«
& Arm =——P»{Am
= Home
= (' \'
= (=¥ Sensors Sensors =
O
Belt In |-s—|Belt Out Bek Beit
w| |l
E o Input T .
Ready | 10 E n V I r O n m e n t VariableStepAuto
o Sensors y
P Belt -—_—;—p-c
FoH = F ——_—'—'—.
. Fall Baox [H-
EE Light Curtain
Environment
Spd -
= cr ~
Bicep Forearm End[H

8%
&% Finger A
&% Fin
= U;f Foreat
# % Grippe
=% Pivot
- Wrist

&9 MechanismConfi
& by World

B Connection Frames

< >

@ -

Time 0
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Required Motor Torques and Forces
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Pivot:
Bicep:

Forearm: Max=47.57 Nm

———— Wrist:

Max=0.06 Nm
Max=71.90 Nm

Max=19.76 Nm

Gripper: Max=0.00 Nm
Finger A: Max=0.00 N
Finger B: Max=0.00 N L L

0 1 2 3 4

Time (s)

Bearing Forces: Radial

Pivot:
Bicep:

Wrist:
Gripper:

Max=77.91N
Max=92.84 N

Forearm: Max=79.29 N

Max=68.31N
Max=45.38 N

Finger A: Max=1.18 N
- Finger B: Max=1.18 N

0 1

2

3
Time (s)




D-H notation andrigidBodyTreg)

A DenavitHartenbergNotation

¢ Method ofdescribinghe structure of seriat
link manipulator

¢ Usesfour parametersto describe
transformationbetweenrobot links

A 1 -link twist/offsetangle [2

A a-linklength 14605

A d-link offset 18.7325
0.6

A -joint angle

A rigidBodyTreé

¢a! ¢ [ 'Rob&tiSystem Toolbox
representationof the connectivityof rigid
bodieswith joints

¢ a Class tbuild robot manipulatormodelsin
MATLAB

%)

pi/2
pi
pi
pi/2

6.858

3.38
6.42

-

+ e

-

O OO
e

e—d ‘e
-
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Modeling robot manipulatorkinematics

. . . I “
InverseKInemathd:)GSlnerApp Flight Log Inverse SLAM Map  UAV Scenario

Analyzer Kinematics ... Builder Designer

A Builtin App for designing IK solvers,
configurations and waypoints —

TTTTTTTTTT

—x|0 Euler X| -180
End Effector Body| bodyb -~ | Position Ta\eran[e Crientation Ta\?ran[e 23

A TakesigidBodyTreé object as an input s s e R T

and calculates joint angles based on user | -

constraints: =
¢ Pose, aiming, cartesian bounds (i.e. work area),
joint bound (i.e. angle range) —

&2 Marker Pose Target [Pose]
~ [4] User-defined Constraints p—

=] d iC
(a)
Euler_ZYX
D2R M EUZYX , ¢~ — =5
\ robo L)
. TForm P Pose c —
N 97 Confi R2D —»( 2 ) L)
TrVec A 9 d 31412281-633 9000 ¥ 4
vz Pose

[0.10.10.1111]

N

Coordinate Transformation Conversion

Info » »{ 1
» InitiaIGues% i <Statu:>©
E: body6

Status
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Modeling robot manipulatorkinematics

INVERSE KINEM

q}, 3 \_’&J e: ‘_.Z‘ : @& Refresh Solver ‘9, Marker Body * Q//

@ Solver Settings ‘ adhesiveStrip

S SOLVER

New Open  Save Import | Add Collision Add > Marker Check Export
Session Session Session ¥ - Object Constraint .?g] Report Status Pose Constraint Collisions + -
FILE SCENE INVERSE KINEMATICS MARKER CONSTRAINT COLLISIONS | EXPORT a
v Scene Browser o Scene Canvas Scene Inspector o
= Click on an object in the scene
browser or scene canvas to

inspect it

& base_link_inertia

% shoulder_link
% upper_arm_link
» 3¢ forearm_link
» 3% wrist_1_link
» 3% wrist_2_link
» 3% wrist_3_link
» 3% flange
» 3% toold
© gripperBase
o ee

» 3 adhesiveStrip
~ Scene

% box
76 toolStationBase
___ dbopaiFeeder 7|

Constraints Browser -}

~ [/] Preset Constraints
& Marker Pose Target [Pose]
~ [m] User-defined Constraints
[] Constraint2 [Cartesian]
Constraint1 [Cartesian]

Configurations Panel

[store C ion| [SnaptoC ion |

Configuration |Collision Status |Value
1 |Pickup part PASS [-52.71 311.91-145.70 -114.71 -64.63 -28.30 0.02 ] =
2 |Dispense glue |PASS [-115.43 279.83 -82.53 -197.30 -115.43 -180.00-0.00 ]

£3
3

14 Current Configuration: Pick up part <[-52.71 311.91-145.70 -114.71 -64.63 -28.30 0.02}> ¥ bl

|




Modeling robot manipulatorkinematics

#4 HostController_IK - Simulink

MODELING

FORMAT

@ |op B - | I8 = @ A "
Project | New Library Signal ¥ Stop Data Logic Bird's-Eye  Simulation
- v @@ Print ~ RN Table nspector Analyzer Scope Manager
g N input_select HostControler IK X IK_input_merge =
& | ® |Pajnostcontroller i » v
§ . WWf—— Y_INT Y‘ XYZ_joy : : =
. > >
g | & jht L x N, Status —» E
g2 |= z-1 X 5
- 21,
g =l X_int : input_select 2
Gl ™ Pose |
el K
0 jht _E o
z-1 K IK
ler —»—] X_int1 v 2
s Servo6
IC: 15 r
Data COM3
81.81
109.7
27.9
279 N
-117.9

>

View diagnostics

T=49.250

FixedStepDiscrete
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Workingwith hardware



MATLAB Connects to Your Hardware Devices

Data Acquisition Toolbox
Plugin data acquisition deviceand sound cards

Instrument Control Toolbox
Test instruments and serial devices

Image Acquisition Toolbox
Industrial and scientific cameras

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




ardwaresupport packages

4\ Add-On Explorer
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Contribute | Manage Add-Ons

For You
My Products 12 S2RERUS
Recommendations 60
Hardware Support Packages (323)
Filter by Source ; -
MathWorks 199
Community 124
Filter by Category

Using MATLAB =
MATLAB 9 3
Using Simulink MATLAB Support Package Legacy MATLAB and Simulink Support Package MATLAB Support Package MATLAB Support Packag C: ications Toolb:
Simulink 34 for Arduino Hardware Simulink Support for Arduino for Arduino Hardware for USB Webcams for Raspberry Pi Hardware Support Package for RTL-
Physical Modeling 5 SDR Radio
e Acquire inputs and send outputs on MATLAB class and Simulink biocks Run models on Arduino boards Acquire images and video from UVC Acquire sensor and image data from Acquire RF data using RTL-SDR
Real-Time Simulation and Testing 1 A
Arduino boards for communicating with an Arduino compiiant webcams your Raspberry P’
Workflows microcontroller board
CodeOgnomition 54 9K Downloads 221.2K Dov 69.8K Downloads 63.3K Dowr
Verification, Validation, and Test 1
Cloud Capabilities 2
N
Applications
Al, Data Science, and Statistics 6

Mathematics and Optimization 1

Signal Processing 37
Image Processing and Computer Vision 13
Control Systems 1 ®y 4 <4 Installed 4 Installed
Test and Measurement 214 Communications Toolbox Data Acquisition Toolbox Image Acquisition Toolbox Embedded Coder Support Simulink Support Package
Wikl Communationg i Support Package for Analog Support Package for Support Package for 0S Package for Texas for Raspberry Pi Hardware
Devices ADALM-Pluto Radio National Instruments... Generic Video Interface Instruments C2000...
Robotics and Autonomous Systems 19 7
Prototype and test software-defined Acquire and analyze data from NI- Acquire video and images from Generate code optimized for C2000 Run models on Raspberry Pi
FPGA, ASIC, and SoC Development 23 radio (SDR) systems using ADALM- DAQmX devices. generic video capture devices. MCU
Aerospace 7 PLUTO with MATLAB and Simulink
Automotive 5 14.3K Downioads 37.3K Dow 41K Down
Disciplines
Sciences 4 =
Engineering 1 E
Industries 5
Filter by Type 4
Toolboxes and Products 24
Apps 3 4+

Communications Toolbox
s Support Packaae for USRP

Simul Instrument Control Toolbox

Support Packaae for

45 Data Acquisition Embedded Coder Support

Packaae for

Simulink Support Package
for Parrot Minidrones

220 N

NXP Support Package
S32K1xx

This package represents the
MATLAB Installer add-on for the
FREE of cost, NXP’s Model-Based

5K

@
Simulink Coder Support
Packaae for ARM Cortex- %



Simulink hardwareconnectivity

A Readyto useblocksfor communicating
with externaldevices

A Allowsfor dataacquisitionand model
basedcontrol of devices

A Supportsvarioustypesof protocols
¢ Serial, TCP/IP, UDP, USB

¢ VISA (Virtual Instrument Software
Architecture)

¢ GPIB

nz-1

IC:-90
UL: 0
LL: -180

'y

nz-1

IC: 90
UL: 150
LL: 30

vy

nz-1

IC: 90
UL: 150
LL: 0

'y

nz-1

COMm4
Baud rate : 115200
Deg2microseconds
Servos_deg Servos_us Data cOom4
Z
Deg2microsecon ds

IC: 90
UL: 90
LL:-30

1-D T(u)

Z_pos

'y

nz-1

IC: 15
UL: 30
LL: O

Block Parameters: Serial Configuration
Serial Configuration

Configure the parameters for the serial port.

Parameters

Port: [ com4 v
Baud rate: 115200 [E
Data bits: 8 -
Parity: none

Stop bits: 1

Byte order: litde-endian

Flow control: none

Timeout: 10

Cancel Help

Apply




Perception+ Planning + Control in real Hardware

Synthetic data generation with simulator Data acquisition with hardware



Pickand Place Application

;
\\

5x faster




Microcontroller programming
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ardware support packages and Automatic Code Generation

Turnsintuitive SimulinkmodelsX ® Xinto readableandtraceableCsource

Code Generation Report - o X

®3 ArduinoController_us - Simulink — m] bd ‘

SIMULATION MODELING FORMAT HARDWARE = Fnd: [ |4 ¥ Marchcase

Hardware Board # . | stop Time I# @ : B E | 4 ArduinoController_us ¥
ardware = ata ogic =
(Arduino Due ol alenitor || pector  Ansiyzer ey | Content ArduinoController_us.c v| Q Search
HARDWARE BOARD MODE PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY ‘ /* vodel step functien for TIDg */

E « emaContrter us = Summary ) ;md rduinocontroller_us_stepe(void) /* sample

H B | Subsystem Report _

& ArduinoController_us P hd Code Interface Report 1Tt3‘_ tmp;

] | uint1s_T b_dataout[s];

E Traceability Report

[ Static Code Metrics Report uints_ T b_status;

é I Code Replacements Report

E Coder Assumptions B { /* Sample time: [8.812Ss, 8.@s] =/
3 | rate_monotonic_scheduler();

2 , Code !

TLABSYStem: ot>/serial Receivel' */

RDUINO .
~ Main file

if (arduinocontroller_us_DH.ob.Protocol !=
| ert_main.c arduinocontroller_us_Du.obj.Protocel = .e;

Dataln  ServoProtect DataOut|

Raw SerialFilter Data
Raw SerialFilter Data

&

Pin 13 ~ Model files

ArduinoCi
ArduinoController_us.h
ArduinoController_us_p

ServoProtect

ller_us.c

mi_serial_read(1, Arduinocontroller_us_ow.obj.DatasizeIneytes, &b _dataout[e],
&b_status);

RDUINO

Dataln  ServoProtect DataQut|

&

ArduinoController_us_t /% Outputs for Atomic SubSystem: *<Roots/:
ServoProtect! SolZ I~ utility files ArduineC_subsystemreference(b_dataout[e],
Ardul . -
rtwiypes.h &arduinoController_us_B.SubsystemReference)
ARDUING — Interface fil
nterface fles /* End of Outputs for subsy Reference’ */
Raw SerialFilter Data Dataln  ServoProlect DataOut rtmodel.h
S — i + Other files /* outputs for Atomic Subs otect' *
. . e imiter: ' ste Liniters' *
ARDUING, » MW_ArduinoHWinit.cpp /7 RataLinite fate L /
. trp = Arduinocontroller_us_g.subsystemReference.In -
ARDUING MW_SerialRead.cpp . A
Status - arduinocontroller_us_Du.Prevy_j;
Port1 Raw SerialFilter Data Dataln  ServoProtect DataOut MW_SerialWrite.cpp = if (tmp > 7) {
rtb_Ratelimiters = (uintlé_T)(ArduinoController_us_DW.Prevy_j + 7);
ServoProtect3 Pin 10 =} else if (tmp « -7) {
rtb_RateLimiters = (uint1é_T)(ArduinoCentroller_us_Du.Prevy_j - 7);
RDUINO B }else {
rtb_Ratelimiters = ArduinoContreller_us_B.SubsystemReference.In;

Dataln  ServoProtect DataOut|

status_LED

Raw SerialFilter Data

ServoProtect4 Pin

arduinocontroller_us_Du.Prevy_j = rtb_RateLimiters;

RDUINO

/* saturate: saturation’ */

&

Raw SerialFilter Data Dataln  ServoProtect DataOut

ServoProtects Pin 8 5 if (rtb_RateLimiters > 2354) {

rtb_Ratelimiters = 2354U;
5|} else if (rtb_RateLimiters < 538) {
rtb_Ratelimiters = 598U;

roller_us.c Ln 118 Col 8

»>
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FZB37x/07x/38x T2Ex F2837:07x 287 004x] 36%
- - - AINO B b sTS B
ardware sSuppornPackagesor directimplementation e L
ADC CAN cCalibration Protocol CLA Task CMPSS
[EEERTE F2B37x F2837% EEAN
. R . . b | GPION b M GPIOx
|TI Delfino F28379D LaunchPad DAC-A GPIO DI GPIO DO coanney MOP
ppliesnarawarespeciiiccontigurations
ARM Cortex-M3 (QEMU)
. B Altera Arria 10 SoC development kit e S FTRTOR e
Altera Cyclone V SoC development kit Avisg 4 apescnt p.
andileaturesio coaegeneratuonsetings soner e
Arduino Leonardo eCAN Transmit eCAP ePWM eQEP
Arduino MKR WiFi 1010 i o] =8, S
. . . . Arduino MKR1000 e 4 e
har remnterr mer mmun n ‘v Mega 25 T e SNy
C a Wa el e u p S, I e S, CO u ICa IO Arduino Mega 2560 12C ROV 12C XMT Channel; 0 Channel: 0
Arduino Mega ADK 12C Receive 12C Transmit IPC Receive IPC Transmit
. Arduino Micro Tann TaEx TIEITRUT Camx
interfacesetc A .
. Arduino Nano 33 BLE Sa~-- ro3 cnih ) B
Arduino Nano 33 loT Hardware board: [Tl Delfino F28379D | SCIRCV SCLXMT SDFM-1 Sw Int Trigger -
Arduino Robot Control Bg . SCI Receive SCI Transmit SDFM Software Interrupt Trigger |
- - - Arduino Robot Motor Boa Code Generation system target file: er — e — —
Arduino Uno ji Texas Instruments SPI SPI SPI -
Provided/O driversas MATLABunctions e el EONE N S R i
Custom Hardware Board » Device details Slave select: SPISTE Slave select: SFISTE Slave select: SPISTE Watchdog
IBIS-AMI Madel SP1 Master Transfer 5Pl Receive SPI Transmit Watchdog

. .
I I I Raspberry Pi i
O r I u I n O C S Raspberry Pi - Robot Ope Feature set for selected hardware board

Robot Operating System o e i
Robot Operating System ®) Simulink or Embedded Coder Hardware Support Package

Tl Delfino C2834x (0 50C Blockset
Tl Delfino F2833x

A SupportsspecifichardwareincludingARM, i sz v

Tl Delfine F2837xD » i J
e e QOperating system/scheduler

Intel, NXPSTMicroelectronicand Texas ot |

TIF28044
TI F280x Groups
TIF281x Build opti
n S ru I I l e n S TI F2838x (ARM Cortex-h LN Desired CPU Clock in MHz: |200
TI F2838x (C28x) Clocking Use intermal oscillat
TI Piccolo F280049C Lau Input X-BAR se intemal oscliator
Tl Piccolo F28004x Output X-BAR QOscillator clock (OSCCLK) frequency in MHz: |10
Tl Piccolo F28027/F2802
T1 Piccolo F2802x ADC_A +| Auto set PLL based on OSCCLK and CPU clock
Tl Piccolo F2803x ADC B o o
TI Piccolo F2805x e System PLL multiplier (SYSPLLMULT) [1-127.75]: 40
Tl Piccolo F28065M Laun ADC_D System clock divider (SYSDIVSEL) [1.2.4.6.8....124,126]: 2
TI Piccolo F2806x —
Tl Piccolo F2807x CMPSS Achievable SYSCLKOUT in MHz = (OSCCLK*SYSPLLMULTYSYSDIVSEL: 200
2T LD s DAC Low-Speed Peripheral Clock Prescaler (LSPCLK): |SYSCLKOUT/A =
Xilinx Zynq UltraScale+ N ePWM
Xilinx Zynq UltraScale+ R Low-Speed Peripheral Clock (LSPCLK) in MHz: 200
Xilinx Zynq UltraScale+ R eCAP
Xilinx Zynq ZC706 evalua eQEP
ZedBoard

-
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Arduino SupportPackagdor Simulink

ARDUHEB,] >
ARDUINO
—
ARDUINO oy Statusp >
> SPI > Pin 9
S5 pin 10
ARDURGR b ARDUINO
ARDUINO ARDUINO Ang :’E ; ) o Gy
f “ g nel
Port 0
—
) ), = Status [»
®
Servo Motor: 1
Servo Write .ARDUINO
ARDUINO
N Emm
. ARDUINO ARDUINO >
- <o AVA
) : S Pin: 4
M1m§mm: A P ARDUINO
otors o
Pin: 16 ARDUINO ) Data 12C
Master Write
> Slave: 0xA.
e
ARDUINO i
S, LE:ata > ARDUING Encoder: 1
_— Encoder
s stusp Iri p ARDUINO
ARDUINO Pin 8 ]2) 9
) NN
DACOD ARDUINO
’
ARDUINO ARDUI
= Heca)ta p Battery Read
Y = T
EEE Status [»
12397




Raspbernfl SupportPackagdrom Simulink

RASPBERRYFI WBERRY&I}
(4 RASPBERRYPI (@)
> & Gp
Device: hw:1,0 > J:D Bp
ALSA Audio Capture Device: hw:0,0
RASFPBERRYFI
RASPBER%‘I‘F‘I
ata RASPBEERRYFI
IRC
MODBUS TCP/IP AR RASPRERRYPI 4
Master Readg, . & Yo P GPIO 9
Read Cail Srr
) B A GPIO 20, B: GPIO 21
RASPBERRYPI
RASFBERRYPI
RASPBERRYPI
RASPBERRYFI > ) J_LI_I'
RASPBERRYPI
Datap T o 2 GPIO 4
TCF/IP Server A: GPIO 20, B: GPIO 21 ]
Port:25000 Port: /deviserial
: Status GFIO 21
RASFBERRYPI
12C RASPBERRYFI RASFBERRYPI
Dat
J RASPBERRYPI RSP e Mastorread D20y ¥ SPI
ocation CAN Receive Slave: DxA Register Write
t Message 1D: 10@ > GPIO 18 Slave select: SPI0_CEOQ
JARGB tatus
RASPBERRYPI
command string [
RASFBEERRYPI RASFBERRYFI TalkBack Read RASFBEERRYPI
Field1 } Execute next command
—> — TalkBack ID: 123458 % é b
Size Status ] . .
p Channel:12345 p TalkBack Read
ThingSpeak Fesd Joystick
RASPBERRYFI
T — Status >
RASPBERRYEgvelacity [ ﬂ SPBERR™™  Pressure
o Out1 P mperature [
Accel p Hurmidity [
MagField } BM Status >
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LEGOMinsdstormsSupportPackagdor Simulink

0.1 ReferenceVelocity

Velocity (m/s)

DesiredStates

Desired Velocity

StatesError ~ Forward

Velocity Control

LeftMotorT

LafMatorT

Left NMotor Encoder

R RightMotorT

Right Motor Encoder

Sensors

—| LeftMotorEncoder

—P RightMotorEncoder

| States

State Estimation

White Value White

Black Value Black

(5]
(o] »

DesiredLight W

Desired Light

)

Light SensorMonitor

o RightMotor .

RightMotor

Right Motor

i+ - »
Lefthiotsr

LightError Turning

Line Tracking Control

<« 4 Sensors =
© |[Falev3_linetracking » PaSensors -
é LEGO EV3
. L8 D)
Port B LeftMotorT
= Left Motor Encoder
LEGO EV3
2 ™
Port C RightMotorT
Right Motor Encoder
LEGO EV3 LEGO EV3
@ o&D N =
Port 4 LightSensor Line 1
= Color Sensor Display
> nmj

Motors

L] 4 Sensors s}
@ |Pa|ev3_linetracking P [Pa/Sensors -
Q@
= LEGO EV3
=
. G )
RightMotor Port C
Right Motor
LEGO EV3
B SN >
LeftMotor
Port B
L5} Left Motor
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response
roref
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