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Agenda

EtreSepyaoia ouatog, eIkOvag kai Bivreo pe 1o Simulink

0 Eicaywyn oto Simulink (~20min)
AVATITUEN JOVTEAWY KAl TTPOCOPOIWON QUVANIKWY CUCTNNATWY PE UTTAOK
dlaypduuarta Tou Simulink.

O ZuoTtAuara eregepyaciag oRUATOG, e1IkOvag Kal Bivreo (~2h)

BIBAIOBAKEC € PTTAOK YEVIKWV QUVANIKWY CUCTNNATWY KABWCS Kal aAyopiBuwyv Kal
OUCTNUATWY ETTEEEPYATIAg OAUATOG, EIKOVAGS Kal BivTeo. EpyaAcia oxediacuou Kal
TTPOCONOIWONG PIATPWV.

O Mapaywyn kwdika kail uhotroinon og Hardware (~30min)
EpyaAcia autopatng mapaywyng kwdika ANSI/ISO C/C++ kai HDL. AuvatoTtnreg
ulotroinong oe DSPs, FPGAs kai Real-Time Operating Systems.



&\ MathWorks:

MATLAB & Simulink in research and industry

Technical
Computing

= Technical computing (fft, linear

algebra, mathematics)

Image
Processing

= Application specific algorithms Test &

© Measurement

(image processing,
Computational

bioinformatics, ...) Biology

Communication
@ Systems

= Algorithm development

= Test & Measurement

Control
Systems

= System simulation
Computational
{  Finance

=  Embedded design
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The leading environment for
technical computing

Quick Prototyping Environment

— 1000’s of viewable-source
functions

— Powerful visualization engine
— Powerful tools for application
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S “ e File Edb View Insert Took Debug Desktop Window Help MIER"
development Ceda h|aao® /08 =0 BmBe &0

— Optimized for matrix operations o ik ?

Integration with Existing Systems ol

z 20
— Work with various data sources 1l

— Easily deploy for use with other
programs °

- e ' 50

; 45

— Leverage existing software A el
time of day (hrs)

day of rmanth 0

=> 1,000,000 Installations
=Third Party Software Companies > 300
=More than 1000 books



http://www.mathworks.com/products/matlab/
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Technical Computing Workflow
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Simulink

Environment for multidomain simulation
and Model-Based Design for dynamic and
embedded systems

File Edit View Simul Format  Tools Help

lation
OD)SE&| &R |[22E&]r 5o | [Noma NEHEE s R E®

- GUI-based block diagram 1

environment on top of MATLAB

= Simulation engine for modeling,

designing and solving dynamic

NI

Syste m S RRRRR % | | |edess

= Advanced tools for
— Automatic code generation

— Continuous Test and Verification



Block Diagrams

Differential equations

Application-specific Blocksets

External Legacy code (C/C++,

Integrators, gains
Transfer functions
State space models
Lookup Tables

Core Simulink libraries

ADA, Fortran)

Embedded MATLAB Function

Block

L¥3

Derivative

Integrator
Limited

Integrator, Sec-

ond-Order Li...

PID Controller
[2DOF)

Transfer Fon

Wariable Time
Delay

ZFero-Pole

wl=

Fal =
=

FIDiE)

# = fuctBu
w= CuxtDu

)
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Integrator

Integrator,
Second-Order

PID Contraller
State-Space

Transport Delay

“ariable
Transport Delay
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Physical Diagrams

= Library of physical elements Simscape

Mechanical Hydraulic || Electrical

Mechanical, hydraulic, electrical... m H

Thermal |Pneumatic

I

E.!Rot_Mech 1Ol x|

File Edit Wiew Simulation Format Tools Help

ape a alve
File Edit Wiew Simulation Format Tools

MEEEEEEEE

DLeakage_1

oo

Eﬁif:;;a' —=a®P=-J | rgijj- L-i%l

Inertia. Inertial .Iner‘tia2

Rotational Rotational
Spring Sprlng1 OES

3

Gear Box Wheel Variable Area Variable Area
" and Axle Orifice AT Variable Area Variable Area Orifice BT
Rotational Rotational Rotatlonal Orifice PA Orifice PB
Damper Damper1 Damper2
P T
Ready 140% [ |odess v

Ready 999, | | lode15s 7 8
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1 DOF mass-spring-damper system

File Edit Wew Simulation Format Tools Help

D& 2B e ¢ r s (e ~HesBSh pEBSE

Model:

I Ready [100% |odeds 4

=loix|

File Edit Wiew Simulation Format Tools Help
F ‘ DSEE L2 |4 |22 r s | - HEHPpE BERE

Problem: Model a 1 DOF mass-spring- T B -
damper system within the Simulink e R
environment from first principles and

=10 x|

using phys|ca| modelmg tools.
DEE&| FEd(ec [y afin [ue BBy pRBE®

doint Spring & Damper

Ready [100%% [ode15s 4




Derive the equations of motions of the system

Use Newton’s second law to derive EOM
= Take Laplace Transform to get transfer function

7
k% b

‘mX = F(t)-kx—Dbx

1
X = —|F(t)—kx—Dbx
= [F(O)-lob]

N

‘ms®X(s)=F(s)-kX(s)—bsX(s)
(5)_ 1
(s)

ms® +bs +k

|| X
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Model the mass-spring-damper system

Using:

First principles (EOM)
Transfer function

Physical models (mass, spring, damper)
Electrical equivalent of the system

(capacitor, resistor, power source)

7
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Edge Detection / Motion Detection

Acquire live image/video
data from a camera

Find the edges of objects
In the video input.

Live motion detection
using the sum of absolute
differences (SAD) method

Capture only the

"Interesting” video frames.

[~ vipedge win =]
Eile Edit ¥ew 3imulation Format Tools Help
DG $RE|[e bt i o o =EDHEESs BEBEE
Edge Detection
| =)
| B E

nnnnnnn

Source frame:
Captured frame: 11

uuuuuuuuuuu
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Using System Toolboxes with Simulink 201

¥ Editor - C:A\Program Files\MATLAB\R2011s\toolbox\dsp\dspdemos\dspEnvelopeDetector.m* s @)=
FIF LS -0 R R MWE B steck| Bae fx B0B <0
. . . ‘We@B| -0 |+ |+ 12 x |0
Access algorithm libraries §
Ss
100 | Yy
- 101 ting
102
rom eitner or
104 — hhilbert = ds; Dig: alFilter(
105 n rFunction’, 'FIR (all zeros)',
- - 106 ‘Numerator', firpm(N, [0.01 .95],(1 1], 'hilbert'));
S 107
I I I l u I n 108 — hdelay = dsp.DigitalFilter(...
109 TransferFunction', FIR (all zeros)',
110 Numerator', [zeros(l, N/2) 1]):
111
112 - hlowpass2 = dsp.DigitalFilter(...
Simomenesc.
- 114 * Nums ', firpm(20, [0 0.03 0.1 1], [1 1 0 0])):
= Use the algorithm as a MATLAB
116
- - - 118 to rform e elope detec n th t
System object or as a Simulink R syaton o3 St
120 — for i=1:numSamples/frameSize
121 — sig = step(hsin);
. - . 122 — sig = (l+sig(:,1)).*sig(:, 2); % Amplitude modulation
OCK with 1aentica
124 % Envelope detector by squaring the signal and lowpass filtering
. . 125 - sigsq = 2%*sig.*sig;
I m Ie m e ntatl O nS 126 — sigenvl = sqrt(step(hlowpassl, downsample (sigsq, DownsampleFactor))) ;
127
p 128 * Envelope detector using the Hilbert transform in the time domain
129 — sige = abs(complex(0, step(hhilbert, sig)) + step(hdelay, sig)):
130 — sigenv2 = step(hlowpass2, downsample (sige, DownsampleFactor)) ;
131
132 %* Plot the signals and envelopes
133 = step(htsl, sig, sigenvl);
- 134 — step(hts2, sig, sigenv2);
= Use the MATLAB Function
136

block to execute MATLAB code
(including System objects)
within Simulink models . I
2 2 4 5 f————p{vsls dk Dizplay

= Reuse MATLAB-based IP in e |

Constant

Simulink MATLAB Function

Display1

13
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Batch Processing

All the data Work on all the

data at once...

Deliver all at once
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Stream Processing

Incremental
Data

: «1/‘@%

Incremental
Delivery

 Data streams are potentially infinite in length
* Need to maintain time-based state information
* Need to be efficient with memory and performance

135
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Batch Processing in MATLAB is Simple

Loads entire dataset
into workspace

filename = 'dspafxf 8000.wav';
[audio Fs] = wavread(filename) ;
filt = firl (40, 0.8, 'high');
audiofilt = filter (filt,1,audio);
wavplay (audiofilt,Fs);

“audio” data uses more
‘Requires entire dataset to play audio space than needed
(double vs. uint16)

186



Stream Processing in MATLAB is Hard

4\ MathWorks

%% Streaming the MATLAB way

% set up initializations More code than in batch
filename = 'dspafxf 8000.wav'; processing example
Fs = 8000;

info = mmfileinfo (filename) ;

num samples = info.Duration*Fs; . .

frame size — 40: EXp|ICIt state management
bLP = firl (40, 0.8, 'high');

zLP = zeros (l,numel (bLP)-1);

Explicit indexing

%% Processing in the loop
index= 1;
while index < (num samples-frame size+l)
data = wavread(filename, [index index+frame size-1]);
[datafilt, zLP] = filter(bLP,1,data, zLP);
-(index:index+frame_size—l) = datafilt;
index = index + frame size;

wavplay (-, Fs);

S B

7



System Objects Make It Easier

&\ MathWorks'

New
Feature

% set up initializations
filename = 'dspafxf 8000.wav';

hAudioSource =

hAudioOut = dsp.AudioPlayer ('SampleRate',

[
°0

Processing in the loop
while ~isDone (hAudioSource)

data = step (hAudioSource) ;
datafilt = step(hFilter, data);
step (hAudioOut, datafilt);

end

hFilter = dsp.DigitalFilter;
hFilter.TransferFunction = 'FIR (all zeros)';
hFilter.Numerator = firl (40, 0.8, 'high');

dsp.MultimediaFileReader (filename, .
'SamplesPerAudioFrame', 40, 'AudioOutputDataType', 'double') ;

Initialize objects

8000) ;

“In-the-loop” code is much simpler

Implicit states and indexing

Audio player runs in-the-loop

18



DSP System Toolbox

Design and simulate signal

heus AL EOEESD BL W
processing systems esessEIEET

DDDDD

-600

= Signal generators

= Filter design, analysis

and implementation

= Transforms

« Statistical signal
processing

= Spectral analysis
= Parametric time-series

modelin
’ .

Powerifrequency (dBHz)

4\ MathWorks

19



4\ MathWorks

Demo

Three band fixed point audio equalizer whose response can be tuned
to a desired audio characteristic

Equalizer Range: -8 to +8 dB
— Bass: 45to 1200 Hz

— Midrange: 2400 to 4800 Hz
— Treble: 6 to 12 kHz

Parametric Audio Equalizer

Gain in dB

40 80 200 400 8O0 2000

MATLAB GUI is used to control and monitor the equalizer as it runs on
the target hardware

(=1
File Edit View Smulaton Fgrmat Tools Help
DBRE‘ERB(cad(2c(r s [ CSsbeh hRES®
I FPt_EQ (6437 _Simple
Ble Edit Vew Smulstien Fgemat Jools Heb . . .
DSEH@ =R csd|oerTh e DJIHDeE WEmE Parametric Audio Equalizer
Each
Parametric Audio Equalizer
Audio Target: Tl C6437
‘q:— o:® (D
3 "D"LJ o
Band 2 i
DME437EVM DF2T
‘arametric Band 3
Audio DF2T
aaaaaaaaa
zzzzzzzzz
itation Audio Response L Cunﬂ‘g
1% | | |Fixedste pDiscret Z
= T

20
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Computer Vision System Toolbox

Design and simulate computer vision
and video processing systems

- Feature detection

- Feature extraction and matching
- Feature-based registration

= Motion estimation and tracking

= Stereo vision

= Video processing

= Video file I/O, display, and graphics

21
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Video Stabilization using System Objects and

Blocks

= Defines the target to track. e p——

File Tools View Playback Help

= Determines how much the 0% = | & um <]
target has moved relative to
the previous frame.

"]

= Remove unwanted
translational camera motions
and generate a stabilized
video.

(-09.0,-21.0)

T TITZ=
Target = Stabilized|TargetFRowlndices, TargetCollndices);

% Add black bhorder for display

Stabilizedi:, BorderCols) = 0;
Stabilized(BorderRows, :) = 0;
TargetRect = [pos.template orig-Offset, pos.template_size];

SearchRegionRect = [SearchRegion, pos.template size + Z*pos.search border];
aw rectangles on input to show target and search region

E
ut = step (hShapeInserter, input, [TargestRect; SearchRegionRect]):

D
P
% Display the offset wvalues on the input image
put = step (hTextlInserter, input, Offset);
D

% Display video
step (hVideoOut, [input Stabilized]):

end 22



4\ MathWorks

Integrating Existing Legacy Code into Simulink

Eicaywyn kwdika C yéoa og povréAa Simulink T6o0 yia diadikagoieg
TTPOCOMO0IWAaNG 000 Kal yia dIadIKaCieg auTouaTNG TTapaywyng C
KWOIKA TOU OUVOAIKOU HoVTEAOU (apXikou C-kwdika Kal blocks Tou

Simulink):
— Hand Crafted S-Function
— S-Function Builder
— Legacy Code Tool

double a1,b0;

£ Limit gain */

if(gain[d] = 1)
al=1;

else if (gain[0] < 0)
al1=0;

else
a1l = gain[0];

& Calculate filter const ™/
b0 = 1-a31;

5 Calculate difference equation ™/
filtOut[0] = bO™(signal[0]) + a1™(prevSignal[0]);

I .
»
e fana o |
LUJ W prevSignalsfun_diffEq1  filtOut — »
I .
Sine Wave — gain i
S-Function Builder Add Time
Scope
-1
z Bl
a Delay
DSP
Constant
. Digital
v Filter

Digital Filter 23
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Model-Based Design Process

Simulation Model Requirements

and Save time by developing in a

-8 Specifications single simulation environment
| \

Control

l@“ Produce better designs by

\ continuously comparing
Embedded design and specification

Software

J

Lower costs by using HIL
tests and fewer hardware
prototypes

J

24
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Code Generation Technologies

Embedded
Coder

Simulink

Coder

MATLAB
Coder

Embedded Coder™

Automatically generate C and C++ optimized for
embedded systems comparable to the efficiency
of handwritten code

Simulink® Coder™

Automatically generate C and C++ from Simulink
models and Stateflow charts for Rapid Prototyping
and Hardware-in-the-Loop

MATLAB® Coder™
Automatically generate C and C++ from the
suitable MATLAB subset

25
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Video Stabilization & Implementation on DSP Tl

C6000

Defines the target to track.

Determines how much the
target has moved relative to
the previous frame.

Remove unwanted
translational camera motions
and generate a stabilized
video.

Implement on DSP T1 C6000

Fil= Edit Wiew Simulation Format  Tools  Help

Demo

I [=[ 3]

From Multimedia File

1

FractEstim |

L .
>
[ F—

CIipElolderl

Target | Templat:
| Source

Stahilized | Stahilized

| Original
Display
Rezults

213216
Frame Rate
Edit
Parameters

(+22.6,-04.6)

27
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Design and Simulate Filters

Demo

~=1olx|

= Design filters (IIR,FIR, ...)
= Fixed Point & Floating Point
= Generate HDL Code
= Co-simulate HDL Code
= |mplement on FPGAs
- Input
Tool - [0:512\bin\win3Z\ellip (da]
2 e P T reticd deakis Window Heb
P Input Output - Z- Deea| e lIRNER 0 Bille
I-> Sim e [
Filtert Hardware Latency Dbt aspaied 2 T T T =
T 0 entzed |,
ModelSim r;m Desiged Duanlized) g
ouice.  Desigred | ]
x_in P filter_in f"‘, filter_out # HDL Co-Sim S £ *
Secon 1 = 100
Signal From Simullamr - TR 18 i i i i
Worspace MHDLCosimulation Verification_Results [v oo DT
P T P —
Quanizer lype: — Mode  — Round mode. — Overflow mede: — Fommat
Scak varalarfcn coalf <= 1 Cocficmnt [quersies =] [foed =] [owrd =] [soeoe =] [ 71
S ! Ot [z ] [iwed =] [ =] [rowme =] [ 0695
i " Show et shucise.. Wiighend [ =] [t =] [ =] [wor =] [ fevel
DIGILENT Prediet [qries ] [t =] [ow =] [wae =] [ 1230
LN o () e N oo [ v N 77
]
Fieacy

28



From Algorithm to FPGA Implementation

MATLAB® and Simulink®
Algorithm and System Design
Model Refinement for Hardware

EDA Simulator: Link
ModelSim
HDL Co-Simulation

Behavioral Simulation

Simulink HDL Coder
RTL Creation

Back Annotation

Implement Design Verification

Synthesis Functional Simulation

Map Static Timing Analysis

Timing Simulation

Place & Route

EDA Simulator Link
FPGA-in-the-Loop

Demo: Symmetric FIR

&\ MathWorks:

29



Signal Processing Laboratory

USB to PC

Headphones

4\ MathWorks

to +5V

Microphone

30
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Image and Video Processing Laboratory

= Image and Video Acquisition
— Frame grabbers Cameras and Video Equipment

— Digital cameras / DCAM-compatible

cameras . 3

— Windows video devices / Third-party
adaptors

: : Educational Models
= Real-Time Processing

— Implement on DSPs
— Implement on FPGAs

= Educational models

; ANALOG
EDEVICEﬁ

AJTERA $C XILINX

31
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Control Systems Laboratory

oL Plug-in data acquisition boards
= Data Acquisition Boards ) -

= Real-Time Control Systems
— microcontrollers
— Target PCs

= Educational Models

— Helicopter Model

— Ball and Plate Model

— Magnetic Levitation Model
— 3 DOF Gyroscope

— Lego NXT

32
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E " 6 ” ava B ﬁ u a Ta /3 The Mathworks - Simulink® 6.6.1 - Demos - Microsoft Inter =100 x|

File Edit View Favorites Tools  Help | ;';'
" A Ny L >
- | - N ) - i -
G Back - () \ﬂ |EL| (gl | -/ search S ¢ Favorites @:{ ==
address I@ hiktp: f feames, mathworks .comfproducts/simulinkfdemas  hkml?show=recorded j G

=
Webinar Title

g02.11b Design with Simulink

’ .
- WagTe yia “recorded webinars™ | s s

OTO site www.mathworks.com . | sumsiees s

’ ’ ’ Advanced Aerospace Analysis with Aerospace Toolbox and Aerospace Blockset
Oa BPEiTe TIEPIOTOTEPD ATIO 7D | .ot sz s v
we b | nars Yl aTo S | MmMu I | N k’ Analog and Mixed-Signal Gircuit Modeling with the Simulink Product Farnily |
r 7 . Analyzing Desian and Cost Tradeoffs Using Optimization with Simulink
“ £TG§U GAAwV Ta - Biomedical Image Processing for Faculty and Academic Researchers
—_ Elcqvwvﬁ O'To SI m u | I n k Defense Cornmunications Design with MATLAB & Simulink

Ceploying Code from Simulink Models Using the Embedded Target for TI CZ000

— Introduction to Simulink for ose
CO n t r O | Des | q n Design and Implementsation of Yideo Applications on TI 6400 DSPs with Simulink

Developing Software Defined Radio Systerns Using MATLAB® and Simulink®

- I n t ro d u Cti O n to Si m u I i n k fo r Developing Wireless Systerns with MATLAR® and Sirnulink®
Sl q N al Pro cess | N q an d Discrete Event and Hybrid Modeling with SimEvents
CO m m u n i C ati O n S Discrete Event Simulation Modeling with SimEvents™

Distributed Cormputing with MATLABE and Simulink®

— Image and Video Processing oo Code Generation & Verfication - What's i
W I t h Si m u | i n k Fault Management with Stateflow

Fixed Point Filter Design with MATLABR & Simulink =
DI

W |
|:§I ’— ’— ’_ ’q ’_ |° Trusted sites A
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http://www.mathworks.com/wbnr30960
http://www.mathworks.com/wbnr30960
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TnA:  210-60 31 121
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emIoKeuBeiTE TO web site pag: www.mentorhellas.com
ETMIKOIVWVAOTE pali pag: www.mentorhellas.com/contact

Follow us on QM3 A8 : twitter.com/mentorhellas

Join our group in Linkedm :

MATLAB seminars for professional engineers in Greece
www.linkedin.com/groups/MATLAB-seminars-professional-engineers-in-3128153
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