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Introduction to Raspberry Pi

= Whatis it?
— Credit-card sized, low-cost, single-board computer with audio and video input/output,
designed for teaching

- Who created it?
— Raspberry Pi Foundation: http://www.raspberrypi.org/ RASPBERRY Pl MODEL B

- What are the specs?
— Broadcom® system-on-a-chip which includes an ARM®11
processor running at 700 MHz with 512 MB RAM

— Peripheral connectivity for stereo audio and digital video (1080p)
and supports USB and Ethernet. CPU & GPU

— It measures 85.6mm x 56mm x 21mm, with a little overlap for <>

the SD card and connectors. It weighs 45g. SOCARD  pouree

“Overall real world performance is something like a 300MHz Pentium 2" Image from::h'tt:p://www.raspberrvpi.orq/faqs

o12MB R

HDMI
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Introduction to Raspberry Pi

What’s the difference between Model A and Model B?
— Model A has 256MB RAM, one USB port and no Ethernet (network connection).

— Model B has 512MB RAM, 2 USB ports and an Ethernet port.
— MathWorks only supports Raspberry Pi Model B

How much does it cost?
— Approximately $35 US for the Raspberry Pi Model B
— Cases, peripherals, and starter bundles are available

OK, where do | get one?
— Premier Farnell/Element 14 and RS Components

For more info: http://www.raspberrypi.org/fags



http://www.farnell.com/
http://www.farnell.com/
http://www.farnell.com/
http://uk.rs-online.com/web/generalDisplay.html?id=raspberrypi
http://uk.rs-online.com/web/generalDisplay.html?id=raspberrypi
http://www.raspberrypi.org/faqs
http://www.raspberrypi.org/faqs
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Software Setup

= What software do | need?

— MathWorks Software:

= MATLAB and Simulink (including Student Version) Release R2013a, or later ‘\MathWnrkS'
Note: Raspberry Pi support is available on 32-bit and 64-bit Microsoft Windows only

— Compiler (for MathWorks software).
= See Supported and Compatible Compilers
http://www.mathworks.com/support/compilers/
= For my 64-bit Windows 7 installation, | am using Microsoft Windows SDK 7.1 (available at no charge)

— Simulink Support Package for Raspberry Pi Hardware


http://www.mathworks.com/support/compilers/R2013a/index.html
http://www.microsoft.com/downloads/details.aspx?FamilyID=6b6c21d2-2006-4afa-9702-529fa782d63b&displaylang=en
http://www.microsoft.com/downloads/details.aspx?FamilyID=6b6c21d2-2006-4afa-9702-529fa782d63b&displaylang=en
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Simulink Support Package for Raspberry Pi Hardware

= Whatis it?
— A set of Simulink blocks that allow you to generate programs that run on a Raspberry Pi
— It's downloadable and it’s free!

« Where do | get it?
— Get from the MATLAB Toolstrip: Add-Ons - Get Hardware Support Packages

[ESRERT)
NN s Dot 2
| i, New Variable & Analyze Code os Preferences y  (*% Community
(QJ Find Files .&; g = s (L15) E - \y &
L1 Open Variable ¥ é}RunandTme . dSetPath BRequutSuppon
| |1) Compare Import Save Simulink  Layout Help
Data Workspace ucwwmee v |74 Clear Commands ~  Library v =] Paralel v v Egmq
VARIABLE CODE SIMULINK ENVIRONMENT Get More Apps
» C: » MATLAB » Get Apps from File Exchange

Command Window -

Jx >>

B Get Hardware Support Packages
&¥ Find and install hardware support packages

4 Get MathWorks Products
¥ View and download MathWorks product trials

Check for Product Updates

I

— Get from the MATLAB Command Line: >> targetinstaller
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Simulink Support Package for Raspberry Pi Hardware

= |nstallation Process:

— The Support Package Installer will lead you through the installation process and install
all the software you need to run on a Raspberry Pi from Simulink

o\ Support Package Installer

<\ Support Package Installer

Select support package to install Third-party software licenses

show: [all 29 S You have chosen to insta
ow: [al.29) Simulink Support Package for Raspberry Pi Hardware.
Support for: Support packages: Third-party software wil be installed from the following locations:
ARM Cortex-M Installed  Latest .
Alters FPGA Boards Action oo otes!  Required Base Product Supported Host Platforms oL it o ibsdl.rg lcense
Analog Devices DSPs 1 @ Reinstal 2.0 20 Simulink Win32,Win64 Waet for Windows hitp: /fgnuwin32.sourceforge..net/packages wget.him license
Arduino 7-zp hittp: /fwamw. 7-zip.org license
BEEcube miniBEE Platform
BeagleBoard —
BitFlow NEON CL 4\ Downloads EI = @
Digilent Analog Discovery

Green Hills MULTT

Downloading the following items:
) L Gumstix Overo ldownload and instal the third party software listed above. This list may contain open source software, induding
Kinect for Windows Runtime e terms of the General Public License.
M LEGO MINDSTORMS NXT

NLFGEN Download tem % Complete next screen, you wil be dawnlaading and instaling the software listed above.
gi‘::nogsm spectometers SoL 100 bl not download or install the software.

PandaBoard 'Waoet for Windows 100

Raspberry Fi i

STMicroelectranics STM32F 4 Discovery 47

Texas Instruments C2000

USE Video

USRP(R) Radio 82%
Wind River Vx\Works | |
¥ilinx FPGA Boards

¥ilinx FPGA-Based Radio
ilinx Zyng-7000

Installation folder: | C:\MATLAB\SupportPackages\R20

Browse...

Find more supported hardnare <Back | [ med> || cancd | [ hep

<Back | [ Met> || cancd | [ e




&\ MathWorks'

Summary: Simulink Support Package for Raspberry Pi Hardware

= Support Package Installer installs all the software elements you need to

connect to and run on a Raspberry Pi |

Waet for Windows

http:/fwww.libsdl.org
http: f{anuwin32. sourceforge . netfpackages fwaet.him
7-zip http: ffwww. 7-zip.org

EEEEEE

EEEEEE

Requires MathWorks Account Login

— (but don’t worry if you don’t have one, you can create one when you get to the screen)

= Firmware onto SD card
— need to do this on the first installation

Select a drive
Insert a 4 GB or larger SD memory card into a memory card reader on the host computer.

Select the drive letter that corresponds to the memory card reader:

Drive: iD: v ‘ @J

If you do not find the memory card reader in the list of drives, reinsert the memory card fully
and dick Refresh”.

Slide lock switch
up to unlocked
position

4\ Writing firmware image to 5D card... o [ = =
4 Writing firmware image to 5D card... o | ==
49,70%
{ I |
4 Writing firmware image to 5D card... o [ = |[=

90.20%
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Hardware Setup

= What hardware do | need?
— Raspberry Pi Model B

— Power cable (Micro USB-B needed by Raspberry Pi)
= Multiple options; | use USB-A to Micro USB-B cable for power

— Ethernet cable

— SD Card

= MicroSD card that sockets into SD shell will also work

herne USB Webcam
— Open SD Card port (on host computer) S

= Need port to write firmware on SD Card / Micro SD card %
= Can use native port or USB-based device

— Open Ethernet port (on host computer) Reader (USB)

= Option: Can use USB-Ethernet dongle SD Card
— Case (nice to have) e
— USB Webcam (UVC compatible)




Hardware setup

= Connect Raspberry Pi

— Plug in USB Ethernet Adapter to PC, and Ethernet
cable into adapter and Raspberry Pi

— Plug USB webcam into Raspberry Pi

— Insert SD card (which may be a carrier for SD
micro) into Raspberry Pi

SD Card |

— Attach USB power cable — USB Ato PC, and USB e b m& 0
' ' : - cted t
micro B to power port on Raspberry Pi —— e
= Wait a minute for Raspberry Pi to boot (USB Micro B) dongle

Let’'s go test it!

4\ MathWorks
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Summary: Simulink + Raspberry Pi Testing
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58 Simulink Library Browser

T
] i%gaﬁj EHIIE?
= Check for Support Package Installation :

Simulink Support Package for Raspberry Pi g N i
Hardware should be in your Simulink Library B i ) N

. W L D) P
Can also type at MATLAB Command line: T e SRR
raspberrypilib ) R

= Test your connection (PC to Raspberry Pi)

Simulink 3D Animation
Simulink Coder
Simuiink Control Design

Simuiink Design Optimization
Simuiink Design Verifier

Simulink Extras

Simuiink Support Package for Arduino Hardware
Simulink Support Package for Raspberry Pi Hardw g

Simulink Veerification and Validation

Open Simulink Support P

fol e ]

Library: Simuiink Support Package for Raspberry PiHardware || {p

ALSAAudic
Playback

]| ALSAAudic
- Capture

GFIC Read

ackage for Raspberry Pi Hardware library

Stateflow

System identification Toolbox
Vehicle Network Toolbox
XPC Target

Showing: Simulink Support Package for Raspberry Pi Hardware

— Type at the MATLAB command line:
'ping ip.add.re.ss

Pinging 169.254.0.31

Feply from 169.254.0.31: bytez=32 time=lm=s TTL=64
Eeply from 169.254.0.31: bytez=32 time<lm=s TTL=64
\(t)LJ E;f]()LJI(j E;EEEB tr]Ee rEEE;LJIt: Reply from 169.254.0.31: bytes=32 time<lms TTL=&4
Beply from 169.254.0.31: bytes=32 time<ims TTL=F(4

>» 'ping 169.254.0.3]

with 32 bytes of data:

Packets:

Sent = 4,

Eeceived = 4,

( Ping =statistics for 169.254.0.31:

Lost = 0 (0% 1055])

Minimum = Oms,
>>|

fx

-

Maximum = 1ms,

Lpproximate round trip times 1n milli-seconds:

Lverage = Oms
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Summary: Simulink + Raspberry Pi Testing (con’t)

=  Open Raspberry Pi Image Inversion model: raspberrypi inversion

= Click Tools -> Run on Target Hardware -> Options

— Check to make sure Target hardware = Raspberry Pi.

— Also check the IP address.

T

. Click Run button | nf

[E:-cternal

v

— We used the “External”’ simulation mode.

— External mode allows you to tune parameters and monitor signals

wv

In the model while the application is running on hardware
— You can use “Deploy to Hardware” button if you want to run on the

hardware with no interaction from the host

= The model is now running on the Raspberry Pi

&\ MathWorks
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I E m P rpiscl =
W O X a eS File Edit View Display Diagram Simulation Analysis Code Tools Help
] = > ~ Lid
E-a HEG-E-® o w @ - -
rpi_trackball
[Pa]roi_trackbal -

EUEB® e

RASPBERRYPI R

. Object Detection O T

RASPBERRYPI

.1 SDL Video Display
— Locate and mark the center of green object Y 1 )

= Barcode scanner TR ——
— Scan barcode and output numerical digits

[Barcode Recognition Using Live Video Acquisition|

Works with GTIN-13, EAN-13, and UPG barcodes

RASPBERRYPI
- Out1 1
:99 utt
ouz oulz
V4L2 Video Captura Formatinput o 3
FormatCutput
Processing
80 80 100]
Row Positions
Of Scaniines
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Wrap-Up
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Simulink Hardware Support

<\ Hardware Support x

[ C | [ www.mathworks.com/hardware-support/index html?q=tag:"Support+Package+Installer + Enabled"%20product_family:" ¢ =

4\ Inside Google 5 Twitter &I Yahoo! 4\ MathWorks [ My Bookmarks

4\ MathWorks: | «

3

I |

Creste Account | LogIn

® united States ) | ContactUs | Store

o

Products & Services Solutions Academia Support User Community Events Company

Hardware Support

Hal re Support Main Page

Search Hardware Support

Reguest Hardware Support

Simulink Freduct Family X | tag-"Support Package Installer Enabled”

Results 1- 130113

Altera FPGA Board Support from HDL Verifier @ Altara
Refine by Vendor Use HOL Verifier for FPGA-in-the-Ioop (FIL) support for FPGA-based verification on Altera FPGA boards
Xilinx 2 = £
Analog Devices Blackfin, SHARC, TigerSHARC, and VisualDSP++ Support from Analog Devices
Lt ! Embedded Coder @
Analog Devices 1| Generate code optimized for Blackfin and SHARC DSPs
Arduing 1
- Arduino Support from Simulink & Arduino
Avnet 1 Student-priced microcontroller board for introducing electrical engineering, motor control, and mechatronics
BeagleBoard 1
BeagleBoard Support from Simulink & BeagleBoard
Bitflows 1 Low-cost, single-board computer designed for audio, video, and digital signal processing
Green Hills Software T -

BitFlow Neon Support from xPC Target & Bitflow
Use BitFlow Neon with xPC Target for real-time image acquisition and processing for industrial, medical, or

Refine by Application semiconductor imaging applications

Control Systems ]
Green Hills MULTI IDE Support from Embedded Coder B Green Hills Software B

Digital Signal Processing g Generate code for MULTIIDE.

Embedded Systems 8

‘ i B B Gumstix Overo Hardware Support from Simulink & Gumstix

mage: and Video Frocessing . Tiny computer on module (COM) designed for digital signal processing and product prototyping

FPGA Design 3

Communications Systems 5 LEGO MINDSTORMS NXT Support from Simulink &3 Lego
Create Simulink models that run directly on your robot

Mechatronics z

Test and Measurement 1 PandaBoard Support from Simulink & PandaBoard

Low-cost, single-board computer designed for audio, video, and digital signal processing

Refine by Product Family Raspberry Pi Support from Simulink &

Credit-card sized, low-cost, single-board computer with audio and video input/output, designed for teaching

Raspberry Pi

Simulink Product Family %]

Raspberry Pi

~

-

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

BeagleBoard PandaBoard
- VAN J

AN

Gumstix Overo
\_ J

Selected Simulink Supported Target Hardware:

« Raspberry Pi Model B ($40)

&\ MathWorks

« Arduino® Uno, Mega 2560, Nano, Ethernet Shield ($30-$70)

« LEGO® MINDSTORMS® NXT ($280)
- BeagleBoard-xM ($150)

« PandaBoard ($180)

« Gumstix® Overo hardware ($180)

Available in Student Version!

15
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Additional Resources

www.mathworks.com/academia

www.mathworks.com/student version

4\ MathiWorks - Academia  x \"_\

€ - C [ wwwmathworks.com/academia/index.html

‘ Inside ‘ Home - US Educatio... ‘ MATLAE Central ‘ MathWorks - MATL... [J Imported From IE ‘ Perform arithmetic ...

(&) United States p | Contact Us | Store :l (B3]
Mathworks' | Accelerating the pacs of enginesring and science

Products & Services Solutions Academia Support User Communi ity Events Company

Academia

[ Contact sales [ Share

Student Version:
$99

Hot Project? Show It Off!

Show us what you're building in the MATLAE and Simulink
Student Design Challenge.

Classroom

Leam more and watch video Resources

Inspired learning.

Hardware for ProjectBased g gy
That's what you get when you add MATLAE and Simulink to the classraom, as 5000 universities have already Learning ¥ '
L)
?
L

discovered. You also prepare students for prominent careers in industry, where the tools are the de facte

% Learn More ‘
standard for R&D. Get started and get inspired.

Learn with MATLAB and Simulink Teach with MATLAB and Simulink
» Interactive Tutorials » Creating MATLAB Examples

» MATLAB Examples » Books (1500+)

» MATLAB Support » Webinars of Teaching Examples

| »

m
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© 2013 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See
www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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