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Why deploying model to Hardware?
Automatic Hardware deployment

Specifica{on correction
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Why, What, How 4\ MathWorks

Why deploying model to Hardware?

« Control Prototyping: Physical plant test & characterization

= Production code: robust, maintenable & certified code for industrial
product

« Verification: verifiy hardware controller



Why, What, How

What can be modeled & deployed?

Simulink

Use cases

Case study

-

Signal/

Sequence
generator

/System Model

Results

N
N\

Analyse/
Assessment

T~

Simulink Test

Simulink Requirements

Step
PressNeitherButton

RedButtonIN = false;

GreenButtonIN = false;

PressBothButions

RedButtonIN = frue;
GreenButtonIN = true;

PressRedBution

RedButtonIN = true;

GreenButtonIN = false;

PressGreenButton

RedButtonIN = false;
GreenButtonlN = true;

EndTest

Transition
1. after(1,sec)

1. after(1,sec)

1. after(1,sec)

1. after(1,sec)

Next Step
PressBothButtons v
PressRedButton v
PressGreenButton v
EndTest v

Test Harnesy
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How to deploy? — MathWorks code generation tools

L SwitchControllerSingle - Simulink - O >
File Edit WView Display Diagram Simulation Analysis Code Tools Help
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A IEE Case study

How to deploy? — Hardware targets

System Requirements Real Time Machines
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| 4\ MathWorks

Rapid Control Prototyping

gration
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Why, What, How Case study

Rapid Control Prototyping (RCP)

Context
» Target undefined

« Algorithms exploration

» Requirements consolidation

Values
« Keep algorithm generic

* Refine interfaces

* Monitor & Identify plant

Algorithms under evaluation

position_valid position_valid i o = @
- controll
[ SN W
vvvvv ity weloci mand |————»( 2 )
eomand
@ E;l motoe_an.
motor_on:
t ....... +_command|—————»(3 )
._.._. —— o
sommand_type
® — e commend =
command \ J N
e Real plant prototype
PID{z) e ———
nnnnnnnn

Real-time target

4\ MathWorks
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A fully integrated Solution

real-time simulation and testing

4\ MathWorks: speedgoat

Simulink Real-Time (SLRT) Real-time Target Machines

« Control/physical modeling « Modular hardware solutions

«  Test Automation SLRT . Hardware driver library

« Advance data analysis Kernel « 1/O-/protocol support
« Code Gen (C/VHDL)  Low latency FPGA-based

solutions

Coordinated Customer Support ' s
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Who uses control prototyping and Why ?

&\ MathWorks

Villanova University: Students compete at international level with a state-of-the-art autonomous robotic

boat

“Data logging & monitoring capabilities have proved invaluable for

debugging

"

™ Mobileye: Driving technology towards a fully autonomous vehicle

Col

ver

“With the Speedgoat system, changing parameters and tuning the system
is very easy and strcxig|*:‘l:orwcxrd. It saves us a lot of time. There's no need

to re-compile and burn each new version of the control algorithm.”

Fval Boaon Senior Director Production Soffwaore aond Davalonment Coordinaotion af
cyali bagon, oenior LJIirecror rroguciion coitware ana veveiopmenr Looraingiion ¢

Ty R B el
Mobileye
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On-Target Control Prototyping
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Why, What, How Case study

On-Target Control Prototyping

Context
 Algorithms selected

 Interfaces identified

« First target choice

Values
» Target choice validation

« Manage target specificities

* Minimum viable product

Algorithms for production

Development kit

Real plant prototype

4\ MathWorks
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Why, What, How Study case

On-Target Control Prototyping

Communication
Interfaces

Sensors

1

Controller
Model

Generated
Algorithm
Code

(Al B Ic]

®

Included
: Legacy

and Support Utilities

Scheduler/Operating System

On Target Prototyping

50

ink@brary Browser

Actuators

‘ MathWorks

Hardware support packages

— O

ddelll Coder Support Package for ARM Cortex-M Processors
beddelll Coder Support Package for STMicroelectronics Discovery Boards
F4-Discovery

" WBED| ETM32F746G Discovery] ~ [FTMAZF746G Discavery WBED)
M b & by ) Iz [mm‘
Pin: 0 Audio In Audio Out Pin: 0 Pin: 0
Analog Input Audio Input Audio Output Digital Read Digital Write
WEBED] WBED] WBED]
a2 Bead®2 P {D-wm Y LT SCIRead Rxp )T SCIWrite
Slave: DxA Slave: OxA Pin: 0 SCI: 0 SCIL 0
12C Master Read 12C Master Write PWM Output SCI Read SCI Write
WBED] [ stwazF? Crecqyeny STM3ZFT Discavery
T b | L r{m" X3 3
Register Wrike - ---
Slave select: 0 Slave select: 0 Slave select: 0 TCP RCV TGP Send
SPI Master Transfer ~ SPI Register Read SPI Register Write TCP Receive TCP Send
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Why, What, How Case study

Using Development Kits for Rapid Prototyping

Simulink Support Package
for Raspberry Pi Hardware

Run models of

649 Download

MCU,
ARM,
FPGA,
SOC,

Embedded Coder Support Computer Vision System GPU
Package for Toolbox Support Package

STMicroelectronics... for Xilinx Zyng-Based...

Generate code optim Design and prototype vision

STM32F4-Discovery

187 Downloads ©

systems using Xilinx Zyng-base
hardware

20 Downloads @

Simulink Support Package
for Arduino Hardware

Run models on Arduino boards.

1806 Downloads @

K
Embedded Coder Support

Package for Intel SoC
Devices

< Installed

Communications System
Toolbox Support Package
for Xilinx Zyng-Based Radio

Generate code for the ARM Cortex-

Design and prototype SDR systems
A cores on Altera SoC Platform.

using Xilinx Zyng-based radio

15 Downloads & 131 Downloads &

4\ MathWorks
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Production Code

System Re

irements

Simulatic

Syste
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Production Hardware

‘ MathWorks
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Production Code Generation

Algorithms for production

s o W
. e . — =2
* Algorithms verified in simulation e s pa
» Target choice validated —
« C/C++ code project started Software project ‘
e £ Sae Refactr Nodgee Semch w _ng.;; i% i
Values

» Ease transfer from Algorithm to
Software team

 Validated algorithms integration

» Code certification Workflow

Production hardware

4\ MathWorks
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Production Code Generation

: Controller
Production code
Model
Communication
Interfaces
[T T T T p—>comm
» Drivers Generated !
L T T T 1T Algorithm | N | p—
| Code | = =23
S EERERCCEEEEE i Application
: | Runtime Environment (RTE) Abstraction
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Who uses generated production code and \Why?

Airbus Helicopters Accelerates Development of DO-178B
Certified Software with Model-Based Design

Challenge

“We use our system design model in Simulink
for ARP4754 to establish stable, objective

requirements. We save time by using the

Speed the development, validation, and verification of DO-
1788B certified helicopter flight software

model as the basis for our software design

model for DO-178—from which we generate SOIUTIOH

flight code —and reusing validation tests for Use Model-Based Design to model the system design and

software verification.” software design. and to generate flight code

— Ronald Blanrue, Airbus Helicopters The Airbus Helicopters EC130 helicopter. Results

Software testing time cut by two-thirds
Requirements stabilized earlier

Certified flight software automatically generated

N Y
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Why, What, How Case study

Hardware in The Loop

System Requirements Real Time Machines

Simulatic

‘ MathWorks
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Why, What, How Case study

4\ MathWorks

Hardware In the Loop (HIL)

Context

« Hardware Control board ready

* Implemented production code

Values
« HW + SW verification

* Incremental verification

* Reuse Test Scenarios

System & Test Model

Software project for production

S eclips
File Edit

trtwert.
Run  Window H

ile ource Refactor Navigate Search Project Run elp
E GBS @D b O E s SR SiE S Gt 0T R RIS E 7
P %|BEB®|® ¥= O Oetmancs

Real-time target

Production hardware
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uses Hardware In the Loop and

Schindler Elevator Corporation: Validating Schindler’s next generation elevator controller family with
|
h

ardware-in-the-loop simulation

M\ A/ ]« ’ l . . . {= | » [ |
VWe didn't want to have 1ssues with the linking ot 'i e moae!l ana
o

SO IT

"The cost of setting up and using a HIL solution is very low compared to

performing all ADCS tests with a physica etup emula e orbi
"The

:.—:-Jl e

The ty to perform HIL testing allows even the m mple it
= n operatior be verifie real hardware

-l g 1, . " I : : . : I v . ; . UL oy
Thei Aalto University: Students' mission to get Finland's first satellite into orbit

&\ MathWorks
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Case Study

‘ MathWorks:
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Why, What, How 4\ MathWorks

Applications

What do these applications have in common?

Many things...

Including Motor control

25



Why, What, How 4\ MathWork
a OrKs’

Hardware setup

Speedgoat DUT demo kit
Speedgoat Real Time Machine

Avallable
for you!
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&\ MathWorks

Use cases Case study

Why, What, How

Control objectives

LEDs

Position

Side

User interface

(2x Reset) On/Off

Down Up Update Auto

Paosition

¥ DC motor

Actuator

27
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Demonstration




Why, What, How Case study

Modeling & Simulation

System Requirements

<.

yste

Rapid Cont

So

On-Target CC

Production Cagle Generation

System |

Hardw

olp

gration

& pration

In the loop

ware
ion

-in-the-Loop

Jor-in-the-Loop

‘ MathWorks
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Why, What, How Case study

Modeling & Simulation

Signal /

Sequence
generator

/System Model

Results

Analyse /
Assessme

Test Harnesy

<‘lh&ﬂh%knk9
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Why, What, How
| ‘ MathWorks’

Modeling & Simulation

’i SwitchControllerSingle - Simulink vorage

File Edit View Display Diagram Simulation Analysis Code Tools Help

N IR I L MR R YL ROl M w— R

SwitchControllerSingle
@
& - ~
sing —
= P Monitoring
@ ‘Command
. )
Model \
2z )
OffsetRef pu ches LEDs > 3 )
LEDs
) - docaccic prra D)
Paosition LEDs
IntegerTaBits1 setRef_pu Monitoring > 2
onitori
Detailed Simscape Model iloring
—»fonver} »{ Position ControlSignal voltage actual_position |- C1)
| | actual_position
|
Control |: VAV
| Plant
CheckVoltageRange
Position_pu |

- . “ositionRange
Automatic...tHamess bt [T

[ Rer perspective | dut_dose...p_Switch

Interface
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Why, What, How Case study

Modeling & Simulation

Manual Test Harness

Pasition

SimulatedUl

Configuration Selection

User Manual:

> Click Down/Up button to set the number of step increment
> Click Update to Move servo to the desired step increment.
> Double click Update to Reset servo to offset value

> Click Auto Button to start or stop Auto move

Target Scopes

\ S:stem Under Test /

4 Positlm'l("pu)—-

5
[ 1 z 5 6 7 &
Dawn Up Update =
Increment
Request
Position_Offsat\alua
[ 1
LT T LR TR TR TS T T T e AT TR
7 ) 5 4 3 2 -1 i 1 @ 3 4 5 7
o~
V Position
Offset

Switches
=

SupplyVoltage(V) -
Display -

‘ MathWorks:
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Modeling & Simulation

Automatic Test Harness

tg.start
Profile
Configuration Selection Execution Profiling
Results check
Test signals
; ( \ = Output
Select Builder Refe Outl —p LGANT
Test_Scenarios - i i —
— = <Position_pu> rising time tolerance  Check position error
Steps Switchds
] I
= Bus =Referance>
> ' YAV
ko ~=Command= +—
I <Display> > Check Command overvoltage

o Offsat

Files Selection

>

_EDs

Select File

System Under Test
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Modeling & Simulation

Automatic Test Harness

tg.start
Profile

Configuration Selection Execution Profiling

Test signals

Select Builder
Test_Scenanos

Steps = Switehds
- Bus

me

4\ Test Manager

= T = REECTE: BN~ I 1

G Copy
New Open Save Delete Run Stop
i o i % Paste  ~ "
FILE EDIT

Debug Parallel

il = L L mport
@

Report Visualize Highlight ( Export

- in Model

RESULTS

Preferences

ENVIRONMENT

(4] Signal Builder (Automatic_TestHarness/Test_Scenarios)

File Edit Group Signal Axes Help

SH| BB oo |~ I EEREE] 1 oe | R E

Active Group: | | sieps ~

I Auto
0. 5': Ing Offset

YN Ee!

1
Q_SI: Decrement

oaf Uptate M M

1
OPHM
I I I I I I I I

=

F
|

o 1 2 5 4 5 6 T 8
Time (sec)

LU Results and Artifacts

‘Filtertests by name or tags, e.g. tags: test

~ = TestPlan
~ [ Deskiop Tests
[ step
[E Auto
[E offset
+ [5) RealTime Tests
» [T EquivalenceTest

+ [ Demo maintenance Tests

PROPERTY VALUE

Name [5) step

Type Simulation Test

Model dut_closed_|oop_Switch
Harness Name Automatic_TestHamess
Simulation Mode [Model Settings]

Location C\Users\oberardiOneDrive. ..
Enabled v

Hierarchy TestPlan » Desktop Tests »..
Tags Type comma or space separal

[z step » [l StartPage x

Step

TestPlan » Deskiop Tests » Ste

Simulation Test

Select releases for simulation:| Current =
Create Test Case from External File

» TAGS
» DESCRIPTION*
» REQUIREMENTS
~ SYSTEM UNDER TEST*

Model: | dut_closed_loop_Switch

~ TEST HARNESS*

Harmness: | Automafic_TestHamess
» SIMULATION SETTINGS OVERRIDES*

~ PARAMETER OVERRIDES*

FARAMETER SET / WORKSFACE ARIABLE | OVERRIDE VALUE
~ « Sweep 01
|kl 05
| kP 5
- Sweep 02
Kl 05
kP 10
- Sweep 03
Kl 05

» CALLBACKS™

» INPUTS

SOURCE

dut_paramset sldd
dut_paramset.sidd

dut_paramset.sldd
dut_paramset.sidd

dut_paramset.sldd

MODEL ELEMENT -+

dut_closed_loop_testManager_Har...
dut_closed_loop_testhManager_Har

dut_closed_loop_testManager_Har...
dut_closed_loop_testhManager_Har...

dut_closed_loop_testManager_Har...
= Add v C* Refresh @ Export [ Delete

4\ MathWorks

[m] X

TESTS

O —

+| Enabled
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Modeling & Simulation - Run & Analyse tests

4\ Test Manager - O X

TESTS DATA INSPECTOR FORMAT

OO

[m[m| &

Subplots Clear Subplot  Legend = (=] E@ Data Cursors  Highlight | SendtoFigure | Update Baseline Previous  Next
- - - hd in Model - Failure  Failure ‘

SHARE ‘ ANALYSIS
Resulls and Artitacts (7] Desktop Tests x| [l StartPage x Visualize

|Filter results by name or tags, e.g. tags: test ¥ Position_pu m <Reference>
STATUS
+ Results: 2019-Jun-05 14:57:34 2 10 -
» [ Desktop Tests 2 10
~ [5] Step [
v [[&] Verify Statements ©

- [Py Sim Output (dut_closed_loog

o L~

4]

VIEWS ZOOM & PAN MEASURE & TRACE

-0.1

-02

Position_pu
<Reference> o3
<Command>
<Display= 0.4
Offset
+| Switches(1) 0.5
Position_pu
LEDs(1)
+| Switches(2)
+| Switches(3)
Switches(4)
LEDs(2)
LEDs(3)
LEDs(4)
- [5] Auto L]
» [l Verify Statements
» Sim Output (dut_closed_loog
- [5] Offset
= [[&] Verify Statements

-05

o 05 10 15 20 25 30 35 40 45 50 55 6.0 6.5 70 75 a0 a5 a0 a5 10.0

W Switches(1) B Switches(2) B Switches(3)

08

o

08

0.4
CheckPositionRange

CheckVoltageRange

Check Command over... 0.2

o 00 000

Check position error
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Rapid Control Prototyping
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Rapid Control Prototyping

Controller

Command/Leds states

)
e

Position/Switches states

4\ MathWorks

Plant Prototype
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Why, What, How Case study

Rapid Control Prototyping

O

Switches

Lej
Simi

C2rons

OffsetRef_pu

‘ MathWorks:

O | &D)
voltage actual_position
d-Loop Control
lnk M
x
}L A LEDs
\- - -
’LI/ ol
»{( 2
Detailed Simscape Model Monitoring
onvel P voltage actual_position 3
actual_position
(o
Control e
Plant
CheckVoltageRange
< [JAVAVAVA
Position_pu |
CheckPositionRange
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Why, What, How
| 4 MathWorks’

Rapid Control Prototyping

1 XD
e actual_position
d-Loop Control
[
5
a5 S0
Selup vl
Module 10 1
Swi1]
P A DC
2 Spesdgaat Speedgoat
10 [Ta ke ' aclual_pasition
Oﬂseg L b - FWMEDE by Cenerstian v5 A read vl 1 4”—' L+ Cffset ADD + :{3 .
wollage Modude 10: 1 Mdadule I0: 1 actual_pesition
Period Oiffat
Forward Backward PAVM Signals
n
i)
Control —l]
Plant
CheckVoltageRange
- [JAVAVAVA
Position_pu |
CheckPositionRange
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Why, What, How Study case

Rapid Control Prototyping

"i Test Harness: Manual_TestHarness - Simulink

File  Edit Simulation Code Tools

r-=-8

Manual_TestHamess

View Display Diagram Analysis

Sl A =RIC

Help

= [N~

Compile, Loa
- O
Execute

Manual Test Harness

OBE UE ©|e

(1]
o 2 4 -] g 10
‘ Down | ‘ Up | ‘ Update = | Auto |
Increment
Raquest
Pozition_PSzat:Valua
R R R N R RN AR RN R AR TR NN AR R |

led

Pasition

led2  led3 led4

L onfiguration Selection

User Manual:

= Click Diown/Up button to set the number of step increament
= Click Update to Move sarvo to the desired step increment.
= Double dlick Update to Reset servo to offset valus

= Click Auto Bution to start or stop Auto move

Control, Monitor &
In Real Time

/

Simutatadl]

System Uneder Tesl

Ready

83%

FixedStepAuto

Log

4\ MathWorks

ey ition Control App

Launch Application on Target

Position control

User interaction

Simulation
Start/Stop

Connect fo Target

[0]

Steps

g
- -3 0 B 7
OffsetRef

Position
Sign 22 M 250
® O @ @
Control Paramaters




. What, How Case study

Rapid Control Prototyping - Run & Analyse tests

4 Test Manager

DATA INSPECTOR

ED:I 'ﬁ ﬁ dp Cut E‘"’

= A

Lo Ll Ok il = b B @
“s‘" Op'en Sa've ‘ @ oy DEI,EIE 7 Run selected items in test browser (Ctrl+T) :}':%:222 [y EEkEnces ”“;"'
ELE ERLL Switch to the test browser to select and run a test [FSULTS IV IROHNMEN [RESOURCES a
Results and Arfifacts [5] Aute  x  [f} StartPage x Comparison
|Fi|ter results by name or tags, e.g. tags: test | TT’ W Position_pu (Easeling) W Position_pu (Compare To) = Tolerance
MAME STATUS
~ Results: 2019-Jun-05 15:34:36 10
~ [ EquivalenceTest 10 0.4
- [ Auto (<]
- [l=| Equivalence Criteria Result @
@ Position_pu (] ”
() <Reference> (]
() <Command> (] O Ty
(O <Display> L]
() Offset o =
(O Switches(1) ]
(O Position_pu (]
O LEDs(1) (] o
(O Switches(2) ] .
O Switches(3) E [ 0.5 1.0 1.5 20 25 20 35 40 45 5.0 55 6.0 6.5 7.0 7.5 20 25 2.0 a5 10.0
(O Switches(4) (] )
= W Diiference ® Tolerance
(O LEDs{2) ]
(O LEDs(3) (] o
(O LEDs(4) (]
- [[&] Verify Statements 1 [ ooe
CheckPositionRange L]
CheckVoltageRange ] e
Check Command over... @
Check position error L] a
» [[& Verify Statements 2 [
» il Sim Output 1 (dut_closed_lo AE
» il Sim Output 2 (AutomaticFile
0.04
M . 008
SoreEETY VAL [ 0.5 1.0 1.5 20 25 20 35 40 45 5.0 55 6.0 6.5 7.0 7.5 20 25 2.0 a5 10.0

4\ MathWorks
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Production Code
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Why, What, How Study case

|
Production Code

Controller

4\ MathWorks
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Why, What, How
| ‘ MathWorks'

Production Code IR
@@ ma[ |4 ¥ machcas

~
Contents .
43 /* Model step function */
C|059d'|—00p Cont 44 wvoid SwitchControllerSingle_step(veid)
Summary a5

46 intl6_T u;
47 real T rtb_Saturationl;

Subsystem Report

Code Interface 42 real32_T rtb_Reference;
Report 49 real32_T rtb_Saturationl_e;

- .
Traceability Report 56 reals2 T rtb p;

Mode! 51 uintlé_T rtb_DataTypeConversionl;
Led,s‘_‘—'_ ode \ Static Code Metrics 52 boolean_T Auto_prev;
3 53 bool TD t H
p————= - Switches Switches LEDs Report o0 ean_ ecrement_prev
( 1 } SimiQusen®s - E= 54 boolean_T Increment_prev;
" Code Replacements 55 boolean_T Update_prev;
Switches Userinterface Report 56  int16_T rtb_IntegertoBitConverter_ idx 1;
— A Coder Assumptions 57 real T tmp;
o plonver} OffsetRef_pu Monitoring :2 boolean_T guardl = false;
Cisciiet i Generated Code 68 /% Chart: '<Root>/Chart’ incorporates:
- - — 61 * Inport: '<Roots/Switches’
P switchControllerSingle - Simulink {-1 Main file 62 */
File Edit Wiew Display Diagram Simulation Analysis Code Tools Help ! Ert_main.c 63 if (SwitchControllersingle DW.temporalCounter_il < 4895U) {
-1 Model fil &4 SwitchControllerSingle DW.temporalCounter_il = (uintlé _T)(uint32_
IEJ 521 | 5 Q EE @ M h @ % @ ﬂl> u v |10 ' oeles ___________________ 65 ((uint32_T)SwitchControllerSingle DW.temporalCounter_il + 1UL);
:SwitchControllerSir &6 }
SwitchControllerSingle e = ’
SwitchControllerSir o

68 Auto_prev = SwitchControllerSingle DW.Auto_start;
SwitchControllerSir 69  SwitchControllerSingle DW.Auto_start = SwitchControllerSingle U.Swi
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Production Code .

4 ~
Compile & Load to target from IDE Contents .
4. CLor
b workspace_vE - SwitchControllerSingle/SwitchControllerSingle.c - Code Composer Studic void SwitchControllerSingle_step(veid) >
le Edt View 060 - e W Target IDE summary T
File Edit View A Project Run  Scripts  Window Help -
Subs 46 intl6_T u;
- ENE > Q - Q & - [z o Qv v 47 real T rtb_Saturationi;
ode Interface 42 real32_T rtb_Reference;
5 Project Explorer 55 ¥ = 8 | [g SwitchControllerSingle.c 52 Report 49 real32_T rtb_Saturationl_e;
= G Traceability Report 79 reals2 T rtb_p;
1 [ e - L T =t T 5 i i
v = SwitchControllerSgngle [Active - Debug] 43 - . = - . 51 uint16 T rtb_DataTypeConversionl;
> [l Includes void SwitchControllersSingle step(void) Static Code Metrics 52 boolean T Auto_prev;
» [= Debug Ai L e Report 53 boolean_T Decrement_prev;
B . 54 boolean_T Increment_prev;
er‘lceJ Code Replacements 55 boolean_T Update_prev;
Thied Report 56 int16_T rtb_IntegertoBitConverter_idx 1;
ationl e; - 1 .
Coder Assumptions 37 real T tmp;
ypeConversionl; :: boolean_T guardl = false;
tJI Generated Code 66  /* Chart: '<Root»/Chart’ incorporates:
prev; .
; [- in fi 1 : '¢Root>/Switches'
t prev; -1 Main file b-l Inport: '<Root»/Switches
prev; i 62 *
ertoBitConverter idx 1; ert_main.c 63  if (SwitchControllerSingle_DW.temporalCounter_il < 4895U) {
&4 SwitchControllerSingle DW.temporalCounter_il = (uintlé _T)(uint32_

false; ((uint32_T)switchControllersingle DW.temporalCounter_il + 1UL);

SwitchControllerSir
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68 Auto_prev = SwitchControllerSingle DW.Auto_start;

SwitchControllerSir 69  SwitchControllerSingle DW.Auto start = SwitchControllersingle U.Swi
lersingle DW.temporale@nter_il < 48950) { 78  Decrement_prev = SwitchControllerSingle DW.Decrement_start;

Single DW.tempgs ounter_il = (uintls_T)(uint32 w 71 SwitchControllerSingle DW.Decrement_start = SwitchControllerSingle_
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SwitchControllerSir

ControllerSingle DW.Auto start;
ingle DW.Autc_start = SwitchControllerSingle U.Switches[3];
itchControllerSingle DW.Decrement_start;

; SwitchControllerSingle DW.Decrement_start = SwitchControllerSingle U.Switches
72 [e];

73 Increment_prev = SwitchControllerSingle DW.Increment_start;

74 SwitchControllerSingle DW.Increment_start = SwitchControllerSingle U.Switches
75 [11;
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SwitchControllerSingle DW.Update_start = SwitchControllerSingle U.Switches[2];
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Hardware in The Loop
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Hardware in The Loop
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Hardware in The Loop

4\ MathWorks
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Hardware in The Loop Compile, Load
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Why, What, How Case study

|
Conclusions

« Hardware deployment use cases
— Control Prototyping
— Production code
— Hardware verification

= Fully integrated solutions
— Simulink Real Time & Speedgoat Real-Time machines
— Hardware support packages
— From specification to Hardware verification in a single environment

= Retrieve your time to do more & better innovative products

&\ MathWorks
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|
What's next...

= Contact us to...
— Define together your MBD implementation plan
— Build together your project and model architecture

— Train yourselve & your team

= More informations online...
— Embedded systems page
— Simulink Real Time & Speedgoat Solutions
— Supported Hardware page

4\ MathWorks

53


https://www.mathworks.com/solutions/embedded-systems.html
https://www.mathworks.com/products/simulink-real-time.html
https://www.speedgoat.com/products-services/real-time-target-machines/baseline
https://www.mathworks.com/hardware-support/home.html



