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dick.benson@mathworks.com
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Agenda
Introduction to Model-Based Design (15 min)
Basics of Simulink® (15 min)

*Design and Implementation of Video Applications (35 min)

— Edge detection example

*Advanced Video Applications (15 min)

— Video stabilization example

*Next Steps and Discussion (10 min)
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System Design Challenges

* Increasing system complexity and computation demands
« Embedded system resource constraints
— Real-time requirements
» Designing for a target processor
— Micro-controller, GPP, DSP, FPGA
« End-product price, power, size
— Roadmap for adding features, performance
» Testing and validating results
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Problems with Traditional Development

Requirements and Design Implementation Test and
Specifications Verification

] (Z oM

[N —
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Advantaés o'odl-ased Design

Requirements and
Specifications

Design

Executable models Sim
- Unambiguous
- Only “one truth”

analysis

- Reduces “real” prototypes
- Systematic “what-if”

Implementation

generation

Technology for Innovators
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Test and
_ Verification

toM

Test with Design

- Detects errors

- Minimizes coding earlier
errors
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Real Results Across Industries

TOYOT A Standard for Powertrain Controls
Production Code Development
A

LOCKHEED MARTIN JSF Flight Control System

W-CDMA Baseband Processors

S L
W IR ELE S

: Specialty Chipsets for DSP
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The Value of Model-Based Design

Innovation

* Rapid design iterations

+ “What-if” studies

* Unique features and differentiators

Model-Based Design
 Executable specification

 Design with simulation

Quality
 Implementation through * Reduce design errors
code generation * Minimize hand coding errors

«  Unambiguous communication

« Continuous test and internally and externally

verification Cost
* Reduce expensive physical
prototypes

 Reduce re-work

* Reduce testing
Time-to-market

* Get it right the first time
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Technical Computing
MATLAB

The leading environment for L Rieelne
technical computing S RIEERETTE

188)=| if isempty(win},

Data=[4001:1], F5=7 418 kHz

189 % Use B sections, determine t
. 190| - if isemptyinoverlap), 20
— The de facto industry-standard, | R

H H lgi: noverlap = le(EI.E_*L); i} : o0
high-level programming language o
. EE i :nst : default l,-\undnm L ©

for algorithm development |
- | it “amplotae v < 1 1 io] i

— Toolboxes for control system design, == & B ,5
signal and image processing,
statistics, optimization, symbolic SR
math, and other areas P

— Foundation of the
MathWorks product family

Al| [+ w=fic1(s, 3
M

[Ready Hwin [256 Nisp (200 i [256

Colunns 1 EHPOMR T ‘
LJ

o\ control System Toolbox 0.0050  0.1075  0.3875  0.3875  0.1075
colun &

0.0050

4 |
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Model-Based Design
SIMULINK

The leading environment for modeling,
simulating, and implementing
dynamic and embedded systems

— Foundation for model-based design, . A F\ /|e—

including physical-domain T — i
modeling, automatic code generation, Tl ol |
and verification and validation L == e —

— Open architecture for integrating
models from other tools

— Applications in controls, signal = =l e e e
processing, communications, and - E—
other system engineering areas
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Basics of Simulink

N
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Basics of Simulink

imulation  Formal
O =& 2 3 2 Mormal | I & BEE

« Simple signal processing o ﬁ

model

— Signal Processing Blockset
« SP Sources: Sine Wave
» SP Sinks: Spectrum Scope

P Input Cutput 1261 @

[128%7]

* Filtering: Filter Designs:
Filter Realization Wizard °
— Simulink e\
« Math Operations: Sum N
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Basics of Simulink (continued)

 Build low-pass filter

 Filter out the high-frequency
tone I

DEFESGR <~ 220X TH MNEHE 2 +0. Mk @RE| N

_ Current Fiter

EEX
~
T

Mudsl

'ﬁ Destination: | Cum J [+] Optimize: tor Tern gaina:
ot

—|| | Btock name. | Fiter ] Oplimize tor uriy gain
% [] Crvernrie gerrraled Fller® block ] Oplimizes fox rrsgalive g
E ] Eibd kel using basic skements [=] Optimeze: deiay ¢l
=

E [_Renkze boaei_|

Realizing Model ... done
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File Edit Wiew Simulation Format Tools Help

* Design, simulate, test, e e
and visualize with T
Simulink P 4

(1281 ] - iy
sine Wavez ({28 Input
« Frame-based processing e
Sine Wavel [125){1]: Input Output 12811 P @
FFT

» Use M-code and filters
designed in MATLAB ™ e
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« Drag and drop
BEH  Connect

B B [ /e g « Digital

Sources Sinks Continuous Discrete Discontinuities Signal Signal - Fast frame-based

v

Routing Attributes . .
— 1 @] i - simulation
_z_ % 1 :: y=flu) @ >& ==
Ilath Logic and Hit Lookup Uszer-Defined Model Parts & Wodel-Wide o An a | Og
Operations Operations Tables Functions Verification  Subsystemns Utilities
- = untled BEE — i i
e R e A Variable-step numerical
= e 100 |Nomal > - =
integration solvers
- -
— Zero-crossing detection
= o &
L|_|‘I i FFT
Sine Wyave? Input
IrLPSP
W
Sine Wavel
Ready 131% ode4s
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File Edit Yiew Simul Fogrmat  Tools Help

Ei Ec Wi Simulation  For Ic He
ODEEE Be |2 REs @) >» 5 Vo 7|

« Group multiple blocks into

Model Browser ENE]

=N Enable with Trigger subsystem overview I I
2] enabl The subsystems belov illustrate the states and outport Su SyS el I I O al Iy eve
restting options.
#] enab2

* Model browser

« Conditionally executed
subsystem

b Flle Edit Wiew Simulation Format Tools Help
eady

— Enabled and triggered

=101 |

— If, while, for, switch

DER&E +2R 2C RES ® F = [N -~

Mode! Browser %ﬂﬂ
- E| #|_subsps_enabtigl

b3

LB enab2

- « Configurable subsystem

— Swap model components
easily

Ready [100%

[FixedstepDiscrete v
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[ simulink Library Browser

File Edit Wiew Help

O 4 dh |

Commonly Used Blocks: simulink/Cammonly

Used Blocks

= | Simulink.

A

m Commonly Used Blocks

y Continuous
y Discontinuities
?3 Discrete

y Lagic and Bit Operations

m Lookup Tables

m Math Operations
22| Model verification
23| Model-wide Utiities
23 Ports & Subsystems
m Signal Attributes
m Signal Routing

] sinks

y Sources

#3| User-Defined Functions
- P Additional Math & Discrete —

§| Aerospace Blockset

0

=

¥

¥ Control System Toolbox

B Fuzzy Logic Toolbox
§| Gauges Blockset

[ = O R e S S

B CoMA Reference Blocksst
B Communications Blockset

B Embedded Target for Infineon C1E6@
§| Embedded Target for Motorala® HC12
§| Embedded Target For Matorala® MPCS!
B Embedded Target for OSEK/VDXE

| Embedded Target for T1 C2000 D3P
8| Embedded Target for TI C6000 D3P

B Image Acquisition Blockset

B recbenmnemk S ambeal Claclenk

g
Ready

I >

Commonly Used Blocks

Continuous

Discontinuities

Discrete

Logic and Bit Operations

Lookup Tables

tdath Operations

Model Verification

Modelwide Utilities

Ports & Subsystems

Signal Attibutes

Signal Routing

Sirks

Sources

Interlemars

rnparments

il
o+ lin

Uitdity
Blocks

Mudulatun

Cammunlnt b e sast Libray 310

Eapyright 10303008 Th Mslkiads, s .

p
] 18

Suquence

Equalizers
Operations

i1 Library: dsplibyv4

File Edit \iew Help
= by FFT 2
VIN| [N ol oo
\]/ T [
DSP DSP Filtering Transforms Signal
Sources Sinks Cperations
7+ Ax=h -
2z-1 %
4 FFT
.
Estimation  Statistics Math Quantizers Signal
Functions Management
2 w2 | Signal Frocessing Blodkset Library 6.0
=" N Copyright 1995-2004
The MathiWo ks, Inc
Platform
Specific O

Technology for Innovators

Simulink

— Sources

— Sinks

— Continuous

— Discrete

— Nonlinear

— Math

Simulink Fixed Point

Signal Processing Blockset

Video and Image Processing
Blockset

Communications Blockset
RF Blockset
Others

R} TEXAS INSTRUMENTS




Signal Processing Blockset

« Streaming data

* Multi-rate systems

* Transforms, filters, estimators

« Enables frames in Simulink

» Fixed- and floating-point support

[E((=1[e=3]

File Edit View Help

== e FFT 21 File Edit View
R I I I ) I e A

B Library: dsplibvd/Filtering

EX

Filz Edit View Help
= = %
BUEE
Filter Adaptive Multirate
Cesigns Filters Filters

=1 Lib rary: dsplibv4/Estimation
File Edit View

Help

1

-_— LPC
72 +0 57+0 25
Pararnetric FPower Lingar
Estimation Spectrum Prediction
Estimation

Help

b Library: dsplibv4/Signal Management

==

)

DSk DSk Filtering Transforms Signal

Sources Sinks Operations

L S [ ]
z+1 Ax=h o
Zz-1 % / \f\ E:%‘J\Z & e —
B rer = & datatypes
Estimation Statistics Math Cluantizers Signal = = =
Functions Management Switches Buffers Indexing Signal
;_-?qg Signal Processing Blockset Librarny 5.0 and Counters Alftributes
The Mathwords, Inc.
FPlatform
Specific MO

Technology for Innovators
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Default double
C data types in Simulink
— Simulink Fixed Point

Signal Attribute Manipulation

—1 =] =] ool — Specify word length

Data Type Conversion  Data Type Data Type Data Type

Duplicate Fropagation  Sealing Stip —_ Integer, fixed, fractional,

O
Q
(o
Q
-
<
O
(D
»

5 Library: simulink/Signal Attributes

1

Z s d t float t
BE L _ and custom float types
T ] LZ] Block Parameters: Data Type Conversion |1|E‘
Conversion Ic Signal Rate Transition [rata Type Conversion

5 Conwversion
Inherited Convert the input to the data type and sealing of the output, - I ra p ove I | I ow a n d
Data Type The conversion has two possible goals. One goal is to have the Real World Values of -
Fropagation the input and the output be equal. The other goal is to have the Stored Integer Values
Examples of the input and the output be equal. Dverflows and quantization enors can prevent s a u ra I o n

Signal Specificati the goal from being fully achieved

The input and the output support all built-in and fixed point data types.

Signal Attribute Detection e - Au to -s ca I i n g

Output data type made: | Specify via dialog j
P Output data type (e.g. sfix{16). vint(8]. float('single]) R d ff t.
b _ -
o w0, Ts[0 0], C0, 00, FO b 1 T p E |sfierm) ou n O op |Ons
P s oy §
- Weighted Wiidth Output szaling value (Slops, &.0. 279 or [Slope Bias]. e.q. [1.25 3]k

-~ =
2 — Include own bit-true code
™ Lock output scaling against changes by the autoscaling tool n u Wn I - ru

Input and output to have equak | Fieal World Value [Rw]

Lo Led

Found integer calculations taveard: | Floor

Saturate on integer overfiow:
Sample time [-1 for inherited]:
[

ok | LCancel Help Apply

Technology for Innovators
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* Created from

— Other blocks

— C Code
| | — MATLAB Code
e e stebe s s » User-defined:

— Parameter GUIs
“masks”

— lcons
— VLibraries

File Edit Wiew Help

Technology for Innovators {y TEXAS INSTRUMENTS



Co-Develop with MATLAB

<) MATLAB =l E3
File Edit Yiew “Web “Window Help

= | & B o o | g ] |Currem Direc‘tory:lH:\Documems\M Code Rl 2ADSL j J
L irectary

@ adsl.mdl
B adsl build.mdl

£ W AR LN = =
E_Im D 1 3

Click here and drag to move this window...

«): Embedded MATLAB Editor - Block: call_stats_block/Embedded MAT‘ =1of x|
File Edit Text Debug Tools ‘Window Help A X
D EH| ' 2B« |dB4 Er-"m BB O
1 function [mean, stdev] = stats(vals)
2
3 % ocaloulates a statistical mean and a standard
4 % deviation for the walues in vals.
5
6 — len = lengthiwvals):
7 - mean = avg(vals,len);
8 - stdev = sgrt(sum(((vals-avg(vals, len))."2))/1len):
9 - plot{wals,'—+'};
10
11 - function mean = avglarray,size)
12 - mean = sumiarray)/size;

TECH DAYS

« Change parameters and run
Simulink simulations from
MATLAB
>> for EbNo = 2:.1:6,
sim(‘system’), end

« MATLAB S-functions

 Embedded MATLAB Function

— Integration of Embedded
MATLAB Functions in
Simulink

Ready Lh 12  Col 24 /ﬂ

Technology for Innovators

Embedded
MATLAE Function
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Complex Timing and Concurrency
« Complex timing
S S b o — Feedback
— Asynchronous edge
e triggered blocks

RX HCO 9“‘:_41@ Digital Loop Filter  Extended Cuostas RE:;;:;“ — M u Iti rate d ig ital With
arbitrary sample rates

Decimation2

Decimation

d28 Wowokspace)

1 MHz symbal rate,
100 MHz Sampling rate
25 MHz centar fraquancy

lE‘ o] Control Wbitage  Sampling CLK|————— et _: |:| ° C O n Cu rre n C
- Th(uy 0 > y
Voltage-Controlled Compimts .
Clack Reallmag PP -
I ! I y — True expression of
F —]Timing emor £ E3 g
nt |t bol n1 || Fiterd signal n | {ot nt g =
i parallelism
Reov Constellation TED and CLK RX Root Raised ADC
Dividers Cosine Filter

— Important for whole
2 Za system or hardware
subsystem design

— Not possible with
programming language
suchas C

Wi# TEXAS INSTRUMENTS
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ccelerate Models

<): Simulink Debugger: vippattern_win32

Bl fthoo »m W apk @ ¥ ) 5 2 [cio=se_| Debl{g
ks | s v | Foimar [T — Single step blocks and

Method +F 1D arning: 'Sigmal storage reuse’ is enahled for this I t = t t t
& frippertem vz Smpiecd D[] i emser w preserve biosk outpir sigmet vaiues, co ook atin puts, state, and

wippattern windz.3tarc ] 1 In <a href="error:D:\Applications\MATLAET) toolbox}
wippattern_win3zZ.Initialize.InvariantConstants D 30 arning: 'Block reduction optimization' is enabled £ ou pu s
vippattern, windz.Enable. InvariantConstants B 34|[|| T be eble to execute all non-wirmial hlacks consid
wippattern win3Z.Output. InvariantConstants E 38 In <a href-"error:D:\Applications\MATLABT\ toolbox) —_ sto on block or at
wippattern_windz.Initialize o 2|k

vippattern win3z.Enable O 4 (m=0 ] vippattern win3z.%imu - o H

e (essamny 0): specitic time
ppattern_win32 *

Fie Edt View Smuation Format Tooks Help Laebuy ippattern_win32/X-co M= .
DEsd& @& | PO TP e T File Edt View Insert Took Desktop Window Help Axes = [ ] P rofl I e
DS KRAOM®|E 0EH =0
e ST C ey i _ G ene rate re po rt
0.95
= _ dww ikt 0 e ey m— \E:f/;‘; EZS % — S h ow e I a psed ti me o n
Svide et &
% every block
- Mateh metric 075
- . . .
e R ; ” — Optimize model simulation
targed -
e wr | Match metric %] tl m e
threshold ‘@ ﬁ E
- Accelerate
it =
Setpryramlding Spatial-demain - Com pl Ie to C Code and ru n
actor
Ready 100% FixedstepDiscrate o n h o st

Wi# TEXAS INSTRUMENTS
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Design and Implementation
of Video Applications
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Modellng Vldeo‘ppllcatlons

— Video and Image Processing Blockset

— Provides over 50 components and 100’s of algorithms
focused on implementation of embedded systems

Streaming Detection, Tracking, Background
video in/out Thresholding Counting Estimation

Technology for Innovators Qﬁ TEXAS INSTRUMENTS
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Video and Image Processmg Blockset
Libraries

Basic primitives
— Padding, correlation, statistics,
thresholding
— Block processing
— 2-D filtering, 2-D transforms
Geometric transformations
— Rotation, translation, resize, shear
— Interpolation: nearest neighbor,
bi-linear, bi-cubic
Edge detection
— Sobel, Prewitt, Roberts
Morphological operations .
— Erode, dilate, open, close :'_'i;g.;-:‘_-'—.-igiinﬁ_ o
— Labeling of connected-components

Technology for Innovators {y TEXAS INSTRUMENTS




Libraries (continued)

Analysis and Enhancement

— Edge detection, median filtering,

motion vector estimation (SAD)

Superimposing images and graphics

T

File Edit Wiew Format Help

| TECH DAYS

— On-screen text overlays, Picture- EEEECIEEE T L

in-picture

Conversions

— Color-space conversions (RGB,
YCbCr, etc)

— Chrominance re-sampling (4:2:2,

4:2:0, etc)

1o x|
Analysis & Enhancement .
Conversions
Edge
1 © Edge SAD Cb Chb
Cistection Template Colar Space Chrama
Conversion Reszampling
Edge Detection SAD Cr cr
Color Space Chroma
i e dian , Histagram Conversion Resampling
Filter Equa
Wedian Filter Histogram R Tam— e
RIS Cormection Complement
Orange blodks support fixed-point data types.
Ready 100%  |locked [T Carrection Image Complement
| Autothreshold B
Autothreshald
Qrange blocks support fixed-point data types.
Ready 100% |Locked v

Technology for Innovators
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Simulating Video Applications

IFunction Block Parameters: 2-D FIR Filter |

—2-D FIR Filter

« Simulink, Signal Processing Blockset,

“fou can uge the Filkering based on parameter to specify whether your filkering iz bazed on convolution or

Video and Image Processing Blockset’

Usze the Dutput size parameter to specify the dimenzsions of the output. Assume that the input at port | hag
dimensions [Mi, Ni] and the input at port H has dimensions [Mh, Nh). If you choose Full, the output has dimensions
[Mi+bdh-1. Mi+Mh-1). If vou choose Same as input port |, the output has the same dimensions as the input at port 1.

® F iXe d — P O i nt CO n S i d e rati O n S It you ch_oose \r'falid, the block filkers the inpgt imagz_a anly whgre the coefficient matrix fits entirely within it, 20 no
padding iz required. The output has dimenzions [Mi-kh+1, Mi-lh+1].

Settings on the "Fixed-point" pane only apply when block inputs are fized-point signals.

Main | Fixed-point |

r—Fixed-paint operational p

« Avoid inaccurate results due to finite e [T — =
Word eﬁeCtS [reapeniste Maode Signed ‘whord length Fraction length

Coefficients I Same word length as input LI
Product output I Binary point scaling LI pes |1 3 IS
Accurnulator I Binary point scaling LI pes |1 g |81

Olutput I Same ag input 'l

 Built in tools for scaling and modeling
finite word effects

oK I Cancel Help Apply

« [Easy to change parameters to simulate
impact of rounding, overflow, etc.

*Requires Simulink Fixed-Point for integer and fixed point data types

Technology for Innovators Qﬁ TEXAS INSTRUMENTS



Ll AE
e ]I“\

i fi _. .;E'f.—"
T
- Y ] |

]
!

Design an Edge Detection System
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Edge Detection

 Fundamental component of many applications

— Object tracking and recognition

— Biomedical signal processing

— Unmanned vehicle technology

— Segmentation for video compression

E!vipedge_all ;Iglll

File Edit Yiew Simulation Format Tools Help

D &S| 4B 5a] » mf Nema ~|| BB e sy mEBE - ®
Edge detection I
i V iiii
Qriginal
11
N N T
®{l  PremittEdge | Factar
Compositing
Video Edge Detection

Video

 all .

- EEEEE
Ready [100% |FixedstepDiscrete 4
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Building Edge Detection Model

 What you will do...
— Find edges
— Overlay it onto original input
— Convert the model to fixed-point

 What you will learn about ...
— Video sources and sinks
— Data type and interpretation of color and intensity
— Integer processing as a special case of fixed-point
— Accelerator mode and fixed-point models

Technology for Innovators {9 TEXAS INSTRUMENTS
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Edge Detection and Video Compositing

E!edge_l 10| =|
Fil= Edit Misw Simulation  Format  Tools  Help
D|§E§|$E|9Q|P llinf INDrmaI jl@ﬂlﬁ@?@
R F— R
vipmen. avi " RO'E to Viden
W 120x160, 30 fps G I G intensity I' = | Sobel Edge = | iswar
Bl r—MF
From Multimedia File eI Sp:ace Edge Detection Wideo Wiewer
Camversion
Ready [100% [FixedstepDiscrete v

Technology for Innovators {y TEXAS INSTRUMENTS



Configuring Parameters

E.!edge_l b

=10l

File Edit Yew Simulstion Format  Tools Help
LTI o S T [ P S L LI = IR v R A |

D |E"‘l ™R =2 | ; :
o E! Function Block Parameters: Edge Detection

x|

e EE T

Edge Detection
Finds the edges in an input image by approximating the gradient magnitude of the image using

Sobel, Prewitt, or Foberts kemels.
ary image, a matrix of Boolean values, where pixel values equal to 1

Choice of threshold | _ o
oint"" pane anly apply when black inputs are fised-point signals.

¥

|tEH"IEItiVE|_'r’, the block can Dulput b gladienl cumpunents af the imaz
Video
|7
| e | Sobel Edge | Viewer

computation

/
Sabel =
=l

Qb /type: IBinar_l,l image
[ User-defined threshald

Threshold zcale factor: |4

[ Edge thinning

| Help | Apply

Turn on = o

Edge Detection Video Viemer

[100es |FixedstepDiscrete Y

Edge thinning
~

Technology for Innovators
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Overlay Original and Detected Edge

E!edge_fi:-:pt;i - |EI|5|
File Edit ‘iew Simulation Format Tools Help
o4 i I gan b e
DeE&ES &Ry sfp  fumd ZHEBSl wEB T ®
= uint#
. . | R
wipmen.avi . . .
: uinitd wl|~ REE o [ uirtd boolean = Wideo
Wo120x160, 30 fps @ | ey Ll Sobel Edge bl Wiewer
B [t
From hultimedia File (Al Sp:ace Edge Detection Wideo Wiemer
Convarsion
11
. uint; uinit Binany uint
Hel  uints 12 —
ratT Ve =am | Factor
NI Compositing i
= Wideno
hl Wiewer
|
Ll
Wideo Wiewer
Ready 100%: |FizedstepDiscrete v

R} TEXAS INSTRUMENTS
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E! edge_fixpt_ti_no_subsys

Fil= Edit Miew Simulation Format Tools Help

DEE&E| & ER ] r o= [Momal || OF @ (B B

mEE T

R = R
wipmen.awi .
R'G'E to Wideo
W AZ0x150, 20 f [c] L S RCHE . I - | Sobel Ed I .
* P l intensiby l ahe g Wiewner
B - B
- = = Edge Detection
From bdultimedia File Color Space g Wideo Wiemerd
Conversion

R
= ziting1 ol ideo
Wister
| B
ﬁedge_[ixpt_ti - Dlﬂ
File Edit Vew Simulation Format Tools Help
3 s ot e ]| @M
Ready D& & 2R (< r 8 Nomal || OF g5 M &
py »r
wipmen. avi .
: uints ol REEto | uim boolea . Viden
W: 120480, 30 fps & - ey I 1 Sobel Edge -l Viewer
B uint! e
Edge Detecti
From Multimedia File Color Space ge Detection ] int ) Vides viewerl
uint g
Conversion Cutd
o In2
Compositing
R
. Viden
*1C ioner
)
Video Wiewer
Ready |100% |FixedsStepDiscrete v

R} TEXAS INSTRUMENTS
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Easy to import streaming
M Od e I S u m m a ry video into the simulation

=] Block Parameters: From Multimedia File 21x]|

— From Multimedia Fil

Ef;g,s n\’riii?ﬂifn;a:n\?i?jeag]dgloe[ audio zamples from a compressed multimedia [video, H a n dy Viewe rs fo r
_PDa:'r'n::treL:e on F2-bit Windows platforms [ 32]. /I; i ns pecti n g video at a ny
Bowee._| point in the algorithm

Input file name: (Bt e
M Loop

Mumber of times to play file: Iinf

“Wideo output data type: | zingle

=l
Audio output data bype: I int1E ;l plation Farmat IDDIS HEID /

I~ Suppress audio output port 3:, E | i-:' C—: | " | Ilr'lf IND[I‘I‘IEI' ;Il @ E] | #

ok | concel | tem |4\='DD'P | [Edge detection | »

-_V
bl Wiewer
ariginal
11

| .
Ll
. Binany Wideo
single 12 = |
! ; . ! mazh Wiewgar
| = | FremwittEdge | F actor

Ll
u] 1
Compositing UL
Wideo etection
! Wideo
il Wiewer
Edges

Options important to embedded "% Double, single, fixed-point "_/
system designers

Wi# TEXAS INSTRUMENTS
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£/a) i) SRS 8

TI TECH DAYS

A |

Implementation of the
Edge Detection System on Tl DSP
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Generating Target-Independent Code

E!edge_fi:-cpt_ti - |EI|1|
File Edit Yew Simulation Format Tools Help
~ ; n AR h e
0 IE-H%I & Elfj Ql [ | Imf I.ﬁ.cceleratoljl @ﬁ”n@ﬂﬂ{r )
pll Video
hl Viewer
R L
vipmen. avi RGE o Widea Wiewar
W AZ0x160, 30 fps & - inte nsity I | Sobel Edge I In Intensity
Curt 1
| .
: " Edge Detecti W i
" —— ge Detection
From hultimedia File
ColorSpface Compaositing
Conwersion
| .
Ll
- Video
hl Miewer
|
Wideo Wieme
RGB
Ready [100%% FixedStepDiscrete >

Technology for Innovators
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arget-independent Code (continued)

|

E! Real-Time Workshop Report i ] 54
178 order to achieve rounding */ :J
Contents 176 ace = coeff[0]*inCCi[i] + ecoeff[1] *inCC2[i] +
Sunmary 177 coeff[2] *inCC3[i] + 32768;
Eemowe highlighting L7
179 ace »>= 16; /#* acale back */
Subsystems 180 outCC1[i] = (uints_T)ace:
Code mapping ShE ¥
. 18z
Code reuse exceptions |
183
Generated Source 154
Files 185 /* Video Processing Blockset Edge D (svipedge)
edge fixpt fic 188 - 'tRoot> Edge Detection' */
. 187
edge fixpt i datac 188 int32_T accOne;
Ert main.c 188 int32 T accTwo;
frommimfile ex wins32. o 184 int3Z T accThree:;
- : . 191 intiz T accFour; f
sio vis a3 Code generated for
Edge Dxpt fl 193 int3z_T : A
prod: d d t t
edge t t private h 154 e ge etection
edoe t ot eah 185 boolean T *outlImy = edge fixpt_ti_ FE.EdgeDe block
h 196
trartypes.h 197 /% gradients for vertical and horizontal e
195
i85 A% offsets pointing to non-zero elements of the gradient kernels #/
200 const int3z T *wOffsets = sedge fixpt ti ConstP.EdgeDetection VO _RTP|
201

const int3Z T *hoffsets = &edge fixpt £i ConstP.Edgeletection HO RTP vI
3

Cancel Help | Apply |
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3 B = "5"'-“
e e 'l" 4] I:J? ]

TI T' CH DAYS
Embedded Target for TI C6000

Algorithm System Design

Develoiment

Li or Embed Target
Code Compaser Studio™ IDE for TI TMS3 6000™ DSP

m
CCS Project C2000™ DSP
C/ASM code Compile
& Link C5000™ DSP
Code Composer Debug !

Studio Hardware

Technology for Innovators Qﬁ TEXAS INSTRUMENTS



[C1Library: dme42evmlib - O] x|
File Edt Yiew Format Help [ZILibrary: c6416dsklib =100 x|
File Edit Yiew Format Help
C6416 DSK
DMG42 VM .
h Board Support Libra
Board Support Library — b
Line In
CHH1E DSK | LE4E DSk
Y ¥ e DA
DME4Z EVM | Cp DME4Z EVM
Video ADC Video DAL e EELE
Crg Cr
CHHE DSK
Wideo Capture Wideo Display LELD
LED Reszet
DMEEEDEUM CE416 DS |
DIF Switch
LED Reszet iteh
Ready 100% lLocked i

Technology for Innovators {y TEXAS INSTRUMENTS




Optimized Block Libraries

Library: tich4dspli o ] 23
File Edit Wiew Format Help
C64x DSP Library
Conversions
T1 CEdx TI o4
FLTOQIS @1STOFL
Convert Floating- Comed @.15
Pointto 2.15 to Floating-Point
Transforms
TT G T Cad TI Code TT Lo
BITREV_CFLX RADIXZ RADIXZ FFT1GX16R
Bit Reverss RadixZ FFT Radie IFFT FFT
Filtering
T1 Gk T G T1 Codx TT Codn
FIR_CPLX FIR_GEN FIR_R4 FIR_RE
Complex FIR General Real FIR Radizxd Real FIR Radi=3 Real FIR
T1 Gk TTCEa TI Codx TT Codn
E3 ;. R
FIR_SM FIRLMSz 1 IRLAT IR
Symmetric Real FIR LIS Adaptive FIR Real Fonward Lattice Real IR
All-Pole IR
Math and Matrices
T1 Codx TT Codx N T Caa " T oo T G
v
AUTOCOR BEXF Y LoTPROD B AT MUL MAT_TRANS
Autocorrelation Block Expenent ector Dot Pradust ™ atrive MGTply Matrix Transpose
TI Cad TT Codx TT Codn N TTCEan T Codn
MAXIDX, MAKNAL MINVAL MULzZ NEG3Z
Weetar Maximum Index Wactar Maximum Valus Weatar Minimum Value actar Multiply Wactar Negate
T Ce TT 06 B TT b
RECIP1S  © VECSUMED T wvec
Reciprocal Vector Sum of Squares Weighted Yector Sum

Technology for Innovators
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E’ edge_Ffixpt_ki *

N =1

File Edit “ieww Simulation Format Tools Help
DS RS %=l = br st o] BB S  mRB @\
| Wideo
Wiewmer
R - R
wipmen. avi : . R te ) N Wideo Wiemer
W 120160, 30 fps & - intansity I | Sobel Edge 1 |In Intensity
5 o |, Outt

Ready

rom fultimedia File,

Color Space
Conwarsion

TITpTSTITT

Fil=

Edit

Rl =1

Format Tools

Help

E! c6d416dskedge *

Simulation

N (=T 4

D HdHE| £ 828R 2 x|

»> - Iinf I Hormal

= | ==
=

& (3B &=

| = BEmE i

Fram RTDx

Edage Detection
CEA1TE DSK F XD5-550

Sobel  Edge

Input s icdeo

NOTE:

Feady

Edge Detection

] in1

(a1l 3]

To RTDH

Inz
| Compositing

How to run this demo:
Double-click 'BuildMReload & Run' to build and run
demo application on CE41E DS,

Make sure your target board's CPU clock
speed matches the one specified in the
CE4SDSK target preference block.

CE4H EDSH

Outputicdeo

| & Fun

Build / Reload

| Halt Profile

Info

View Demo
Script

105%s

|FixedStephiscrete

Technolo

s for Innovators
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64 16dskedge *
Edit

File

View  Simulakion

Farmak

Tools  Help

_|ol x|

Oz Ed&| BBz

= int

= B e 3

I Marrmal

mEmE T &

From RTCx
Input’ideo

How to run this demo:

Diouble-click 'BuildfReload & Fun'
demo application on CE416 DSK.

NOTE:

Make sure your target board
speed matches the one sped
CH416DSK target preference

Ready

Edge Detection
CE416 DSk ¢ ¥DS-560

E: Configuration Paramebers: c6416

Seleck

I

- Salver

- D ata Import/Expork
- O ptirization
-Diagnostics

- Sample Time

- D ata Integrity

- Corrversion

- Connectivity

- Conmpatibility

-~ bModel Referencing
ardwsare Implementation
odel Referencing

- Comrments
- Spmbols

- Custom Code

- Debug

- Interface

- Templates

- D ata Placement

- T1 CEO00 target =election
- T1 CBO00 code generat.
- Tl CEOO0 compiler

- T1 CEO00 linker

-- T1 CEO0O0 runtirme

onfiguraktion

=

— T arget zelection

R T zpztem target file: Itl_cEiUElEl_elt.tlc

D escription:

Erowse. I

— Documentation

T Generate HTHML report
I Include hyperinks bo model

urrent swskem kargek File, Use Browse bukton at right to select
a different target.

I Launch repaort after code generation completes

— Build process

TLC options: I

Fake commmand: Imake_rtw

Template makefile: Iti_cEDDD_ert.tmf

— Custom storage class

I lgrnore cuztom storage clazses

I Generate code only

Generate codel

LCancel I Help I Spply I

Technology for Innovators
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CH416 DSK wvia USB560 Emulator - {Blackhawk

@ Fil= Edt Wiew Project Debug GEL

Dption

PU_1 - C64xx - Code Composer Studio - [c6416dskedge.c]
PEC DSPIBICS Window Help

— O] |
|

Profilz  Tools

Bwr | % B o = o o]

BRI wiai | EE| 4% Ao |

| o841 Bdskedge. pit =l Custom_tdw

Sl mes £ oo (x| &2

e 0 E=mEEHRLS |

™ @ Filos 22 _Model step function *s ZI
o -0 GEL Files ‘?[»'01d chdlbdskedge step (waid)

Ela Projects
i £l 255 cb416dskedge.pjt (Cust

™ 21 pependent Projects
21 Documents
o

=23 DSPIBIOS Config

i :, c&416dskedge. cdb
23 Generated Files

3 Inchude

[C1 Libraries

c&416dskedge.c
c6416dskedge_dats
c6416dskedge _rmair
MW _ oo _csl.e
rk_monfinite.c
c6&416dskedge, crnd

| | i
[ File Yiew I/‘Bookmarks

5TE _set (S&stsSys0_Outputlipdate, CLE gethtime()):
<% E-Function Block: <Root>-FTrom RIDXE [(rtdz src)
if (IRTDX _channelBusy (&InputVideos))
RTDE_readHEBE({ &InputVWideo, (void=*) cbdlédskedge B.FromRTD
19200*sizeaf (uintsd T) )

*

}

G T Code generated
T Raet s Chdge Detecrion. wo0o LTroTTion (SViredT o L8 edge detection
ini32°T accTwel block
int32_T accThres:
int32_T achour;l
int32_T prod:
boolean T #outlImyg = cb4lbdskedge B.EdgeDetection:
<% gradients [or vertical and horizontal edgse responses *7

- : <% offsets pointing to non-zero elements of the gradient kernels */_ILI
A »

Euild Complete.
0 Errors, 0O Warnings.,

0 Remarks.

=]

LA e, By

s s

@ @ [HALTED

Lm 115, Col 21 e

For Help, press F1

Wi# TEXAS INSTRUMENTS
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S e

Taking a Closer Look

Generated DSP/BIOS
configuration file

Model base rate is
tied to Timer 1 INT

or - (Blackhawk)}/CPU_1 - C64xx - Code Composer Studio - [c6416dskedge.cdb] - |EI|5|
t Debug GFL  Option Profile Tools PEC DSPEIOS ‘Window Help — =] =1
(8- =~ = BRI LIE = fe % & | o |
v
\ =[Eoson SEEEEIEE IS

Estimated Data Size: 20901 Est. Min. Stack Size [(MaAUs): 744 HwI_INT15 properties /
D@ Swstem _=| | Propert: [Tway [
Q Glabal Settings commenk deFVes the INT1S Inter...
i kedge.pijt {Custo =1« MEM - Memory Section Manager inkerrupt source Timer_1
- dent Frojects A ISRAM Funetion _Timer1_ISR
[ i T manitor Mathing
— ] - addr 000000000
¥ o5 Config il BUF - Buffer ponl Manager G signed
] ['# 84 18dskedge.cdb S A kel Setine s operation STS_addi*addr)
iy L1 senerated Files = HOOK - Module Hook Manager Use Dispatcher True
{L} [:| Include =-[g2 Instrumentation arg Qx00000001
(£ Libraries =4 cheduling Inkerrupt Mask nane
= 2 source e Dorit mocify cocha control | Trm
= et ersledas. TR A — Frogram Cache Cortral . cache snatie
o= W LT RESET P e Data Cache Control Mask cache enable
1 .
JR— M HWI_MMI
— - ML W I_RESERYEDD
", HWI_RESERYED1
L] L] ML HWI_TMTS
ISR is assigned to
M HWI_INTE
= M HWI_TNTT
HW_INT15 (Timer 1) e
— ML HWI_INTS
M HwT_IMT 10
W HWT_TMT11
HWI_INT12
L W HWI_INT13
™ :§\--- ML HWI_INT 14 e
= " HWI_INT1S
Bf SWI - Softwars Inkerrupt Managser
: 1 | | ~dF TSK - Task Manager =
[ File “iew I/‘ Bookmarks I En| i L e e I _'l_l

= T :

I O

3¢ = [HALTED [ For Help, press F1

lLn 28, Col 1 L

Technology for Innovat

1
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RTDX block
generates targ
code for reading

data from host

bn Format Tools Help

Verifying Target Code

/
et_

Bz B | =2 c= | »

= int

INnrmaI ;Il gk

From RTCA

Edge Detection
CE416 DS # ¥DS-560

L !

Input™ideo

Sobel Edge p———1s]In1

Edge Detection

Inz
| Compositing

How to run this demo:
Double-click ‘BuildReload & Fun' to build and run

demo application on CE41 6 DSK. 2 Run
NOTE: CE41EDEH
Make sure your target board s CPU clock View Demo
speed matches the one specified in the Info Script
C6HMGDSK target preference block.
Ready [1055% |Fixedstephiscrete >

Ot 1 o

RTDX block

generates target
code for writing

data to host

To RTCx
Ot putideo

Build / Reload

Halt/Profile I

Technology for Innovators
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Click to run
previously built
DSP application

From RTDX

D —

inf IN-:urmaI jl@ﬂlﬁa

Click here to halt
demo and display

profile report

qge Detection
416 D5k f =D5-560

] i1

Input™ideo

Ot 1

InZ

Compositing

How to run this demo:
Double-click 'BuildReload & Run' to build and run

demo application on CE41 B DSK. & Fun I
NOTE: CE4 BDsH
Make sure your target board's CPU clock View Demo
speed matches the one specified in the Info Script
CHHGDSK target preference block.
Ready 105%: |FixedStephiscrete L

Build / Reload

Haklt /Profile

Technology for Innovators
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Profiling Real-time Execution

%V profile Report
File Edit Wiew Go Debug Desktop  Window  Help

4= = | & | @ | Location | Dovvork TDevConicE000/cE41 Bdskerge_cB000_rtwirofisReport bl

Profile Report

Simulink model: c6416dskedge.mdl
Target: C6416DSK

Report of profile data from Code Composer Studio (trm)
07-Jan-2005 10:59:06

Timing constants

|Base sample time |EE.E? ms
[CPU Clock speed! |[720 MHz

Profiled Simulink Subsystem

[System name [cB41Bdskedge
[STS object [stsSys0_OutputUpdate

Max time spent in this subsystem
per interrupt ‘5-27 ms

[Max percent of base interval [3.41%

|Numher of iterations counted |203

STS Dbjects
Faw profile data reported by Code Composer Studio (trm)

Technology for Innovators
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. 7
1Q1L0AT AT

E! cb416dskedge *

Getting Further Insigt

—Subzpsten

—Parameters

v Show port labels

Mame of eror callback function:

Permit hierarchical rezalution: I Al

v :
[~ Minimize algebraic loop occums

Sample time [-1 for inherited]:

K

AT system code: I Auto

R T file name options: I At

=18 x|
Fil= Edit Wiew Simulation Formak Tools Help
O HS| & BR[| PIIinf IN-:urmaI | B B2  RERE T R
|
[]Function Block Parameters: EdgeDetection x| e Detectio n
B DSK f ¥D=-560
Select the zettings for the subsystem block.
| _| | Sobel  Edge f——In1 To RTDH
ReadM/rite permizsions: | Readwrite - Ot | i "
- Ot putideo
Edge Detection |
Campoasiting
||
Builid / Reloai _ y
& Run Halt/Profile I
CE41EDSK
- I View Demo I
Script
RTw function name options: I,-’.\ut.;. Make the SUbsyStem
atomic
S~ - romm——1 |Fixedstephiscrete 5
Ok Cancel Help | Apply |

Technology for Innovators
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Examining Profile Report
Execution StatIStIcW ﬁmk to the profiled

| & | @ | Locstion: | DuvworkmDevConice000/c641 Biskedge_cE000_rtwiprofilsReport htrl

for ove ral I mOdeI Profiled Simulink Subsystems s u bsystem

— 1\
me |cB41Bdskedye
STS ohject |stsSys2_OutputUpdate
Max time spent in this subsystem
per interrupt |Ei'2511 ms
|Max percent of base interval |9 38%
[Number of iterations counted [488
[System name |cB41Bdskedye/EdgeDetection
|STS ohject |StsSys1_OutputUpdate

Max time spent in this subsystem
per interrupt 522 ms

|Max percent of base interval |7 83%

|Numher of iterations counted |4EiEi

|System ny,e/ |c6416dsked e/Compasitin
[STS ob* [stsSys0_Outputlpdate

/ﬂ{rﬁ[:tent in this subsystem 877.1 ps
Execution Statistics ax percent of hase interval 1.32%

O |Numher of iterations counted |466 o
for atomic
subsystems

STS Objects
Raw profile data reported by Code Composer Studio (tm)

STS Object Name count total max average
(measurements)
[I01 hnswnini [=1 e [149R=41 [raa1r o5 Aa hd

Technology for Innovators {y TEXAS INSTRUMENTS
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H W - S T

Advanced
Video Applications
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Video Stabilization

Track and remove
motion in a video
sequence

Technology for Innovators {y TEXAS INSTRUMENTS
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Video Stabilization (continued)

LT] vipstabilize_ti =101 x|

File Edit Wiew Simulaktion Formak Tools Help

Dlﬁﬁ@léﬂ-ﬂ|5‘e|" Ilinf INDrmaI ;Il@

|"u"ideo stabilization I

Stabilization

Source

Target o Target
Adeo I Source
Stabilized e Stabilized
P Ciriginal
Display
Fesults
«]F ractE=tim]

L M| 3225549
< JClipBaorder]

Frame Fate

Edit
Parameters

IS

Technology for Innovators
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| TECH DAYS
.

E!vipstahilize_ti ;IEI il

File Edit W¥iew Simulation Format Tools Help

DE2E&| %ER = e »r a [Momal || 3 & B
|Video ggabilization |

Source

“dea

Target

¥
w
2
3
S

= Stabilized

Original

Drisplay
Results

e .
=T Format Tools Help
i
Parameters P Bz r = Iin[ I.ﬁcceleratur _VJ| & | T
__Image Input x ] .
SN P VT ET iy M B - Trackmg

. int16 [rangzz . et [ [z]
1t c —L@—]—pc "
Il = Err R -

Template Region ;23‘[3013”]

Update

MOtion V| — ,r!-;d_rzxu
ensation Motion Estim. |

a0

Stabilized

R} TEXAS INSTRUMENTS
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S

s | . il R PN,

R il 1l

Algorithm Overview

S

« Steps to Stabilize Motion

— Estimate target position from template
— Compute inter-frame motion
— Compensate motion

— Update matching template
Frame n:

Frame (n-1): Origin=(80,80)

Origin=(100,100)

Technology for Innovators {y TEXAS INSTRUMENTS



\ __ "TI_ ,TE:H AELIE

Estlmate Target Posmon

(Computationally expensive)

E = m|nZ|V(x V) =T (X — Xo, Y — Vo) |

\ Motion estimate

Video Image, V
(Xo:Yo)
Computational Cost
— =2 *N? (over T: NxN)
' *12 (over S:LxL)
* fps

Ex:

32x32 template
E'- I —t 64x64 search E- |
30 frames/sec
>250 million adds
per second

Technology for Innovators Qﬁ TEXAS INSTRUMENTS



=Tl'rEEH DAYS

Search for Targe "Position
Sum of Absolute Differences (SAD)

s
|.

E — msin Z | V (X, y) _T (X - XO, y | yO) | ITempIate SAD wl.:l:
T ROI Nvalid -
Video Image, V -
E Template ras ;
Image, T A L

Search for best fit
(minimum SAD)

Technology for Innovators ﬂi TEXAS INSTRUMENTS



Refine coarse motion estimates
— Find minimum of a quadratic surface over 3x3 neighborhood

z=a+bx +cy +dxy +ex*— fy°

Estimated
minimum

‘ ) I /
s ‘3"‘ "“”i%’/
NS/

&7
“Z

> Solve Ax=B

E(X0:Y0)

for minimum

— Sub-pixel
estimate

Technology for Innovators
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=10 x|

File Edit Mew Simulation Format  Tools  Help

D|£E§| J'IDE|£_:'Q| | 3 llinf I.&cceleratnrj|$|ﬁ||ﬁﬁ®

image, npet=. .« _
int 16 [2402320 i Wt i 16 [F30] [30m30] .
= . ; Estimate
SR RRRRRE HESEERINER]
Comp.ensa:mn_ml n 11 Vol
zingle [2x1]

i it 16 [1615261
= = aﬁﬂ -2
[2d0xz20] |:¢o-:-

Stabilized

Saurce

Zoom

E! track_rel_roi_I16

File Edit Wiew Simulaktion

D& & B2l

u Iinf I.&ccelerator ;I | DE

Motion: Estimate, Trg€k and Stabilize

uint® ROI Yersion

Template

Source Template int 16 [20.320] B atriz:
s [Pane iy Source T wiewer
Stabilized OIS [IF1R2E] | Matrix

Tl wiewer

Edit Tran:s.lati‘.:-n Stabilized
Stabilization
Farams
bogle
O == <o [ o] R

Use Subpixel
Estimation Frames Per Second

Wi# TEXAS INSTRUMENTS
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| TECH DAYS

]
Video Stabilization on TI DM642 EVM

N

Stabilization

algorithm designed =T

in Simulation Miews Simulatiom Format  Tools Help
HES | 2@ == Ilinf INDrmaI | B s B 2%

VWideo Stabilization

DG4 2 EWhd
Template o] Template
Original P Source
Stabilized P Stabilized
Owerayed Translation Stabilization ] Crriginal
Lrispl
Source feplay

I

_ Start
4 Build & Reload I Stabilization

ErrEae]

Edit

[rre Parameters I

et
Stabil
abilize [ WiStabilize |

From RTDX

Halt Demo

D G2 EWhA
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Next Steps
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More Informatlon

* Products
— www.mathworks.com/dsp

« Example models available for download on MATLAB

Central
— www.mathworks.com/matlabcentral/
— Click on “File Exchange”

« Upcoming seminars, Webinars, and more...
— www.mathworks.com/dsp_events

* View a recorded Webinar (more than 50 available)
— www.mathworks.com/ webinar

Technology for Innovators {y TEXAS INSTRUMENTS
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Next Steps

— Arrange for a live online demo and discussion
— Arrange for an onsite visit by MathWorks Applications Engineer
— Request an evaluation license and try it out

— Attend a MathWorks training course

— Contact Rob Segal, your account manager:
 508-647-7615
* Robert.Segal@mathworks.com

— Thank you for your interest!
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