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Model-Based Design Adoption Grid
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Machin rformance Requirements: )

Lift System Response L)

Time to lift rated load

With the linkage being at the lower most position where the lift cylinder is at
with the bucket loaded with rated load (5000kg), when the loader operat.

command to lift, the lift system should move through its complete range of mc
cylinder being at its maximum stroke at the end of the motion) in 6.5 seconds or less

Response to step input from operator

With the linkage being at the lower most position where the lift cylinder is at minimum stroke
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Model-Based Design Adoption Grid

1. Where are you?
2. Which path(s) do you want to take?

Fully leveraged MBD
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Demo Agenda

= Build Quadcopter Simulation with SimMechanics
= Build Control System with Simulink Control Design

= Deploy to Hardware with Embedded Coder and
Custom Targtet
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« Build Quadcopter Simulation with SimMechanics
= Build Control System with Simulink Control Design

= Deploy to Hardware with Embedded Coder and
Custom Targtet
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Introduction to Simulinke

- Block-diagram environment

= Model, simulate, and analyze
multidomain systems

= Design, implement, and test:
Control systems

— Signal processing systems
— Communications systems

Other dynamic systems

- Platform for Model-Based Design
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Introduction to
SimMechanics

= Enables multibody simulation
of 3D mechanical systems

= Construct model using
bodies, joints, and forces
— Model matches structure of system
— No need to derive and program equations

= Primary uses
— System-level analysis
— Control development in Simulink
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SimHydraulics
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Equations of Motion

thetadotdot = -g/I*sin(theta)
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Demo Agenda

= Build Quadcopter Simulation with SimMechanics
« Build Control System with Simulink Control Design

= Deploy to Hardware with Embedded Coder and Custom
Targtet
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Introduction to Simulink Control Design
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= Automatically tune gains of
PID controllers

—

= Rapidly perform advanced
linear analysis and control

design for plants modeled In
Simulink

4

16




‘ @\ MathWorks

Demo Agenda

= Build Quadcopter Simulation with SimMechanics
= Build Control System with Simulink Control Design

« Deploy to Hardware with Embedded Coder and
Custom Targtet

17



Intro to Automatic Code Generation

= ANSI-C Code generation for
embedded microprocessors
— MATLAB Coder

&\ MathWorks:

— Simulink Coder S L1

— Embedded Coder

- HDL Code Generation for FPGAs
and ASICs 3
— HDL Coder -
— HDL Verifier

= PLC Code Generation
— Simulink PLC Coder
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'Usage of Embedded Coder
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(ie: integrating with another application)
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Target specific platform,
stand-alone execution
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'Usage of Embedded Coder

i

Normal

Build Selected Subsystem

Controller

@&  Build Model Ctrl+B

Plant

Merge with Existing Code-Base

(manual integration)

Shared Library / DLL
(ie: integrating with another application)

X 7 Generate C Code

Custom-Target

Target specific platform,
stand-alone execution
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What the user sees:
Build-Tool Chain Interface

Target selection

System target file: ert.tlc

Language: [C ']
Description: Embedded Coder
Target hardwa AR Drone 2 - Thread Timer Scheduler E>

Build process T

Toolchain settings \
Toolchain: Code Sourcery ) '] [ Validate

Build cnnﬁgurati%n: [Faster Builds \ '] Show settings
Minimize compilation and linking time \

Custom Compiler/Toolchain
Custom Hardware
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How we generated a full program executable
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'External Mode

a) Visualize signals/values of generated code in Simulink as
executable is running

b) Change values of parameters in real-time.
No re-compilation to change a single gain value

UMIX or PC Host Target

Simulink in External Mode Target Code

Iﬁﬁ Out-of-the-box support:
Frocess block
ext_svr.c _ ‘ N/
Up;ate block parameters Support flndOWS PC

parameter changes
and WindRiver VxWorks

ext comm

-Transport layers included:

4 TCPIIP on Ethernet _ Serial RS-232, TCP/IP
- )
7 / -Can customize your own transport
p— // layer, API available for this
External Mode Message Format ,Ff
| headerl data in target format !

4\ MathWorks
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'External Mode Demo
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'Video of External Mode

4\ MathWorks

25



HW connectivity support
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Data Translation Frame Grabbers
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ARM Cortex-M Version Version Base Product
oroo s Gl upte 1420 1ep1  SCISSeGHEHMZROIOn e oder
Altera FPGA Boards 2 [ Reinstall 14.2.0 14.2.0 Generate optimized DSP
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Pixhawk Target

Open source hardware for all sorts of the
amateur/commercial micro-UAVs

Highly customizable hardware. Can be used with
guad-copter, hexa-copter or fixed wing UAVs

Runs a Real-Time Operating System (NuttX) on
ARM Cortex-M.

Simulink code generation target written by Steve
Kuznicki (Pilot Engineering). Tested with a hexa-
copter

AR Drone and Pixhawk Target Support package
coming soon!

4\ MathWorks'
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Resources

4\ MathWorks'
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Community, Support, and Add-Ons

http://lwww.

MATLAB

The Language of Technical

mathworks.com

Compufing

(G} Preferences @ (% Community

Overview
Videos
Code Examples

Webinars

= Seminars
= \Webinars

MATLAB® is a high-level language and interactive environment for numerical computation,
visualization, and programming. Using MATLAB, you can analyze data, develop
algorithms, and create models and applications. The language, tools, and built-in math
functions enable you to explore multiple approaches and reach a solution faster than with
spreadsheets or traditional programming languages, such as C/C++ or Java™.

L e e vews L ansyzecese | YU can use MATLAB for a range of applications,

including signal processing and

communications, image and video processing,
| control systems, test and measurement,

Hd = createf] . .

y = filrer(ge COMputational finance, and computational

- C\Decuments\ MATLAI

e

Product Overview 2:05

biology. More than a million engineers and
scientists in industry and academia use MATLAB,
the language of technical computing.

- L TRy

= Technical Support
= Pilot Engineering

= Workshops = Training

= Videos
= Examples

= Consulting
= Book Program

TRY OR BUY

Contact Sales
Preduct Trial

Pricing and Licens

R2014a

Download the Latest Relea

w Getting Started with
(5:06)

= File Exchange
= MATLAB Answers
= Apps
= Hardware support
packages
29



Improved productivity and effectiveness

HOME PLOTS APPS SHORTCUTS (s (B Al 2 B B e S ()] Search Documentation jo
Mo s [ | HE -\, New Variable 2 Analyze Code OE = (O} Preferences (o) (‘%4 Community
Ler G L3 [FindFies &1 mr; L g et (&
[ Open Variable v é/ Run and Time ) (= Set Path 'S} Request Support
New New Open |1z Compare Import Save v - Simulink  Layout ~ Help 2
Script ¥ - : Data Workspace [’ Clear Workspace v [’ Clear Commands v  Library - lm Parallel v v 5‘_}3 Add-Ons +
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

= Accessing data

- Exploring, analyzing, and
visualizing data interactively

= Automating common tasks
- Debugging and optimizing code
= Sharing results

= Discovering new features
and capabilities
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Technical Support

Resources
= support@mathworks.com
= Over 100 support engineers
— All with MS degrees (EE, ME, CS)

— Local support in North America,
Europe, and Asia

= Comprehensive, product-specific Web
support resources

&\ MathWorks:

High customer satisfaction

= 959% of calls answered
within three minutes

= 70% of issues resolved
within 24 hours

= 80% of customers surveyed
rate satisfaction at 80-100%

Contact support § Download products
5

Set Up Get Help

User Community

File Exchange Cody

e 9 E ﬁ Find and Share Code Play Coding Game
Download Installation Documen tation MATLAB Blogs Trendy

Products Help Answers Learn from Experts Track and Plot Trends
Additional Resources My Support 2% Are you a Student?
Consulting Bug Reports Wy Licenses Get information on student-use software
Training System Reguirements My Senvice Requests
Pricing MATLAB and Simulink Books
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MATLAB Central

= Open exchange for the MATLAB
and Simulink user community

= 70,000 visits per day

= File Exchange

Access more than 10,000 free files,
including functions, apps, examples,
and models

= MATLAB Answers

— Ask MATLAB questions or search
more than 18,000 community-answered
guestions.

= Newsgroup

— Web forum for technical discussions
about MATLAB and Simulink

— 1,400 posts per day

Based on average 2011 data

B MATLAB

File Exchange  Answers

Trendy

Connect the dots

Cody

Let the games begin

Now Available
R2014a

MATLAB&SIMULINK

Hewsgroup  LinkExchange  Blogs  Trendy
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Weloome. Please help me with imshow()
problem fatima

D Best approach of special sort of fitering

D Neural network with muliple inputs and
single output - how to change
processing functions and how to piot
resuls?

D Why does a Ce+1 thread pool freeze
Watlab only when compied on Windows.
Using V132 Rabert

scatter plot color setting. 342

o

» Leam more

Get MATLAB & Simulink
Student Version

Students can purchase Student
Version for just 599
Learn more

& Upcoming Webinars

Mathematical lodeling
with MATLAB Products

View all

TRIAL SOFTWARE

MATLAB
g@ll\'lULINK"

v

e ——

Recent Problems
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Possible Opponents Malrx for single-
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WATLAB of
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Stock Prices
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Recent Links

D Etude de la consemation de la BARRIERE
VIGIPARK

D introduction & Statefiow pour

fenseignement en Sciznces de Ingéniaur,

Blogs

—

Active Threads

D Whik loop script, displaying steps.
taken &

D Whie loop integer manipulation -

D Linear fitting and calculation of siope

Creste Account | Logn

Cody  Contest  MathWorks.com

Recent Updates 0
]

(4 Fil Exchange Fick of the Vieek
e \i SimRF Models of Analog Devi

[ RF Agile Transceivers.

C Guy and Seth on Simulink 3]
i B4 What If? - The Little Planet 17 5=p

Steve on Inage Processing
FFT Stories 214

Doug’s MATLAB Video Tutorials B3
Easy cusiom Excel impart o

Mathematics and Computing

FFT, Fast Finte Fourier
Transform

MATLAB Spoken Here a
Expo Conversatons —Fart 2

Loren onthe Artof MATLAB B3

ﬁl\Elyﬂﬂg Uber Rice Sharing GPS

@ Cleve's Corer: Cleve Moleron  E)

Read commentary from engineers
who design, build, and support
MATLAB and Simulink.
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Training Services
Exploit the full potential of MathWorks products

Flexible delivery options:

Public training available worldwide ENHANCE
YOUR SKILLS

Onsite training with standard or
customized courses

Web-based training with live, interactive
instructor-led courses

Self-paced interactive online training

More than 30 course offerings:

Introductory and intermediate training on MATLAB, Simulink,
Stateflow, code generation, and Polyspace products

Specialized courses in control design, signal processing, parallel computing,
code generation, communications, financial analysis,
and other areas
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Consulting Services
Accelerate your return on investment

A global team of experts supporting every stage of tool and process integration

Process and Technology
Automation

Process and Technology \
Standardization

\ Full Application

Process Assessment . Deployment

\ Component
Deployment
Advisory Services .

N

Jumpstart

{ Continuous Improvement }

Migration Planning

\.

Research Advanced Engineering Product Engineering Teams Supplier Involvement
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Questions?
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