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Agenda

« Model Based Design w/ MATLAB and Simulink
— Overcome today’s design challenges

 Motor Control Systems Design; a PMSM example

— 4 Steps to design and implement your system
» Design with simulation
» Rapid Prototyping
» Verify your code
» Generate production code

— Validate and verify your system

« Summary and Next Step
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Today’s Design Challenges

 Increasing complexity
— Standardization
— Security

 Intensified Competition
— Time-to-market pressure
— Cut product costs
— Preserve product quality

« Design team integration
— Analog/Mixed-Signal, digital hardware, DSP/control software
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From Traditional Embedded System
Development to Model-Based Design
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Model Based Design Workflow
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Model Based Design Workflow
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Model-Based Design
with MATLAB and Simulink
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MATLAB Product Family |warae:

Technical

The Platform for Model-Based Design computing
environment

Analysis Visualization

Reporting &
Documentation

Software

*Languages
*Applications
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Simulink for Model-Based Design

Simulink: Multi Domain Modeling
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Trace Between Code and Specification
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Complex Timing and Concurrency

E! F14/Aircraft Dynamics Model

File Edit Yiew Simulstion Format Tools Help

T ——————— « Complex timing
— Feedback

— Asynchronous edge triggered
blocks
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sample rates
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Who is Using Model-Based Design and Code
Generation and for What Type of Application

* Big companies as well as startups
— Toyota
— BAE
— Intacton, Duhyney...

« General applications as well as safety critical
applications
— Control, audio, video, medical, process
— DO178B, Autosar, ABS systems...
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Toyota Uses MathWorks ™ Tools to Increase Quality, Reduce
Costs, and Speed Time to Market of New Vehicles

Challenge

To speed up design, increase quality, and reduce R&D
costs by finding an alternative to traditional design methods

Solution 4
Use MathWorks tools for control design to prototype, MATLAB®, Simulink®, and
model, test, and refine control strategies in an integrated Stateflow®... have become the
design environment de facto standard at Toyota for
Results simulation, data processing, and
= Deliver a better product to market faster — and at controls design. It would be
a lower cost impossible to list all of the
" Reduced time to embedded code applications for these tools at
= Forge a pathway to innovation Toyota.”
Akira Ohata
Toyota
i3 TExas
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Successful Deployments of
Model-Based Design

Caterpillar Boeing
—  Engine and Machine Control — Radar, Imaging and Controls
Honeywell
DaimlerChrysler -  DO178B Safety Critical Systems

—  Cruise Control, Trucks

—  Body Control, Cars Lockheed Martin

—  Flight Controls, Joint Strike Fighter

Delphi ' NASA Hyper-X
—  Climate Control —  Achieved SEI CMM Level 5 with MBD
General Motors Northrop Grumman
—  Powertrain ECU Software —  UAV and Radar Systems
RealTek
Jaguar — Audio system CODECs
—  Body Controls
Sandia
Motorola —  FPGA-based Radar Systems
—  Seats, Battery, and Chassis Controls
Siemens
— Chassis Controls for Commercial Vehicles
Toyota
—  Powertrain ECU Software For a full list of user stories, see
Visteon http://www.mathworks.com/company/user_stories

—  Powertrain Controls and Audio Systems
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Motor Control Systems with
MATLAB, Simulink, and TI
C2000™ DSPs
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MATLAB, Simulink, and TI C2000™ DSPs

MathWorks
Modeling Environment

MATLAB® Simulink® Stateflow®

* Link for Code Composer Studio
« Embedded C-code generation

» Target for TI C2000

T1 C2000
DSP

Texas Instruments
Code Composer Studio™
Environment
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4 Steps of Design

1. Design with simulation
2. Rapid Prototyping
3. Verify your code

4. Generate production code
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STEP 1 - Simulate controller and
electro-mechanical plant models to
verify specification and optimize system

performance.

Controller Performance System
Performance
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A PMSM System - Design and Tune
through Simulation
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Specify Tests and Visualize Results
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Algorithm Specifications and Reuse
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STEP 2 - Rapid Prototyping - “Target
Support Package TC2 ™" for testing in a real
environment

Models
Algorithm Processor
Specification Specifications
Ergbeddded Target for
g ©00€ TI C2000
Generation
Code \\\
Algorithm

Implementation

Scheduler and Device Specific Drivers
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Rapid Prototyping - Asynchronous Scheduler and
Device Drivers: Synchronizing ADC and PWM for F2808

ﬁ pmsm_c2808target/Hi-Rate Function-Call Subsystem

[Tlpmsm_c2808target _|EI['5[ : =100 x|
Fie &dit Viaw Slation Fgmat Tools Help Flle Edt view Smidlation Format Tools Help
DEEES 28 s g 9l s o DM ES DRSS VeBe= 2z s [omd - DHES« REE®
) ) ) ) Hi-Rate Motor Controller
Permanent Magnet Synchronous Motor (PMSM) Field-Oriented Control (FOC) m@m Triggered by ADC End of Conversion
Deploy to Tl F2808 DSP Target
(with DMCS50 controller)
* .
a 2 .
) Ld i .
o Lbg .’. ¥ DEF s
a - ADC End of Conversion * Tundtiond  oer it
3 L ." dés init1 . K
: & ;_‘ | DER index_latch “

: (Pl Funetion-Caqubsystem mc_l:_‘lh‘ "

] 0. " Init_zteh .
: ade_zpd. 7q_desined “
5 2N .
r init_ lateh = R _— L wiz 1

_onyersion. x| EISuurce Block Parameters: ADE x| x|
- Herchare terugt[mask) k)  CEBADE (mask) irk] T e e e,
'Creals Interiupl S eryine Roulife thich Gillsmote the dobinsiean (Coligins B ATIC NS S 3 EBRstEE ) sia B diats Bhlsetsd ‘ Canligures the Event Marisaet of s C250% DSP to gerierate s ivavefaris
PR e ¥ Enable 40T staif module 2
lﬁlifIU.mrampf-nwnh_ar[e]: ADE Eantol |lnw_t€harmj‘-.f:=. | e - g .
= S R ) ok 'IA j Mesdule: 4 caunter mateh evant condiion: | ETA=Zera =l
i . Canwession made! | Sequentil = || 1 Erable ADE sttt rothle
ifallink tesk priciityfel Stait of onversion | eFWhid |
13 Sample tma:
Preemmptioiy flagi) preemptable ], nonpieemplabled [ =
I[DI . Data topecd GilE j
I~ Manage own fimer . e e )
_ | =
I Lo ] com | s | =

13 TEXAS
INSTRUMENTS




TllDeveloper Conference

Target — Host Communications

for Tuning and

Monitoring

Target Side Model

Generated Code runs on DSP

Fle Edt visw Smulation Fomat Tools Help
D& =rles ooy o rond =S B

n Motor (PMSM) Field-Oriented Control (FOC)
Deploy to Tl F2808 DSP Target

Lo-Rate Motor Cantrolier
Srheduled Perlodically

=

W'rite to channel

Host Side Model

Model executes on PC
Monitor or tune low-rate data
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STEP 3 - Ccode Verification using
Processor-In-the-Loop Testing (PIL)

Simulink Test Bench

PIL
Interface

Test Algorithm Verifications
Signals J—>

| Link |

CCS Test Bench

! for CCS !

Algorithm
Code
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Need for Code Verification

Target C compiler optimization settings
Code generation optimization settings

Integration of custom code

Defects in hardware, compiler, linker, or code
generator

13 TEXAsS
INSTRUMENTS




TllDeveloper Conference

STEP 4 - production Code Generation
Method 1:Generate Standalone Code

Models
Algorithm Processor
Specification Specifications
Ergbeddd e Target for
X C08€ TI C2000
Generation
Code - Flash \
(Standalone)
Algorithm

Implementation

Scheduler and Device Specific Drivers
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Production Code Generation: Method 2

Algorithm Export for Integration
with your Drivers and Scheduler

Models
Algorithm Processor
Specification Specifications
Embedded
C-code
Generation
Code - Flash

(Standalone) - _
Algorithm Wi
Implementation

Scheduler and Device Specific Drivers
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Integrate test harness with design

TllDeveloper Conference

Test harness
model

Automatically Target ECU Execute
generate test
code cases
Hardware-in-the-loop
i3 Texas
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Summary and Next Steps
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Addressing Embedded
Programming Challenges

Challenge Response

Processor specific code TFL and Legacy Code Tool

Production Code Deployment | Generate code for deployment to Flash

Ability to assign data and functions to be

Execution speed from Flash copied from Flash to RAM

Verification of Code Execution | Processor-in-the-Loop testing

Capture and act upon hardware and

Asynchronous Scheduling software interrupts
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Model-Based Design Benefits

Model-Based Design Innovation
» EXxecutable specification R terations
RIS + “What-if’ studies
« Design with simulation « Unique features and differentiators
* Implementation through .
coge eneration y ey
.g * Reduce design errors
« Continuous test and « Minimize hand coding errors
verification « Improve communication internally
and externally
Environment
Physical = COSt
Components  Reduce expensive physical
Algorithms prototypes
S &%
5 * Reduce re-work
Sotware Elsgiiauits * Reduce testing
C, C++ | Veriag
MCU|DSP Time-to-market

| = Getitright the first time
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Production Code Deployment

Example applications of production deployment
Include:

— Engine and transmission control
— Hybrid electric vehicle battery control
— Commercial aircraft fly-by-wire system, certified to Level A DO178B
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Summary and Next Steps

Some of the MathWorks Products Featured Today:
— MATLAB, Simulink, Real-Time Workshop Embedded Coder
— Embedded IDE Link CC (for use with Code Composer Studio)
— Target Support Package TC2 (for use with TI C2000)

Next Steps

1. Get more information

— www.mathworks.com/ applications/ controldesign/
— Watch a free webinar: www.mathworks.com/webinars

2. Contact your MathWorks Sales rep

— Arrange a customer visit with MathWorks’ engineers to help your
company save money and time to market

Thank You !
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From Models to Hardware —
Design and Implementation of a Permanent
Magnet Synchronous Motor Controller
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Modeling Dynamic Systems in Simulink

Modeling Approaches

First Principles Modeling Data-Driven Modeling

- % =2

~Simscape Simulink Neural
SimMechanics Parameter Network
SimDriveline Estimation Toolbox

SimHydraulics System

SimPowerSystems Identification
Toolbox
Simulink

Tools for Modeling Dynamic Systems
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Thank You!
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