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Agenda

 Motivation

Rapid Design and Implementation of Embedded Signal/Video
Processing Algorithms and Systems on DM6437 EVM

 Model Based Design and Simulation

Case Study: Video Tracking & Lane Detection
Floating Point Reference Model
Fixed-Point Conversion
Embedded MATLAB - Integrating MATLAB Code

* Implementation on DM6437 EVM

Rapid Prototyping with Fixed-Point Code Generation

Implementation Decisions
Memory Mapping
Code profiling on DSP to identify bottlenecks
Code and memory optimizations
Peripheral Support

Integrating custom code and 64x+ ASM Library (IMGLIB)

13 TEXAS
INSTRUMENTS




Video Tracking Model

Target Tracking Subsystem

Motion Detection
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Fixed-Point Conversion

Modeling Fixed-point data types for bit-true simulation
Manual or Autoscaling to determine the optimum

fractional settings (scaling) for DSP word lengths
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Using Embedded MATLAB

* Integrate M-code in Simulink for simulation and C-
code generation to implement on TI DSP

» Sub-pixel Estimation for more robust tracking

performance

ﬁmD_Sim_suhPiHel,.\"...,‘-"Stahilizatinn,f'Update target template k

File Edit Wew Simulation Format Tools Help
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2 % This block supports the Embedded MATLAR subset
3 %4 See the help menu for details.
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7 - T =fimathimg};
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16 -  ndx = uint32(0H(s-A01, T F iy fitnrows T,F);

19 - t2=reafl) - real;

21 - ONE=£(1,1,16,14F);
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I3 TEXAS

INSTRUMENTS




Model Based Design Concept

* Focus on the complete algorithm-design lifecycle

= MBD demands tight integration of tools

= Maintains model abstraction

(defers implementation) /
= Simplifies:
- : Continuous
Uanrstgndmg e
= Verification Verification

= Maintenance
= Enhancement
= Re-targetability

Design
with
Simulation

Implementation
with Automatic
Code Generation
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Automotive Design Example:
Lane Departure Warning

Results from Simulink Model of
Lane Departure Warning System

INFINITI LDW SYSTEM e
( Buzzen
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Why did We Choose Model Based Design?
lterative Algorithm

/ Simulink model \

~

Test video sequence

Design Workf

Update target model

B e e et b

Capture failing
video sequence

Pl

oW

Code generation

-

~

/ Test algorithm on
DM6437 with virtual

reality input

-

~

A /
/
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Executable Specification

System Model: Implement lane detection and tracking algorithms
as part of lane departure warning system

|Lane Departure Warning System |

| RGH
RGH 4 |—> ECOF Ps o Pr=
Line Repository Repositony
EOF ) hessage | Wl zzage
| \—b Line Counit
Dis —————————— = Di=
| Enable —l—> Count
Enable |
Two_lanes - Show_Palygon
Input — Lo -
F Lane Detection - - P AND —l_h
Lane Tracking [raparture WMarning Ll
Output
Draw Lines
Crouble-click the Switch to specify 0 >0
whether the demo highlights the lane 1 R
in front of the vehicle using a polygon or o lines. i
Crrawu Folygon Sunitch
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Behavioral Model

Start by developing a golden reference specificatio n of the algorithm

i .l s 2 y i [HEES ] LUER

T b N ) . Found Lines
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Leng Detecllon Flizer Lines _ane Tracking i

High-level blocks: Hough Transform, Autothreshold
» Video and Image Processing Blockset

=121

Lower-level blocks: Abs, 2-D Filter, For-lterator & /s |0 &|a e o 0

[m > » (@ 3[ET

= Simulink, Signal Processing Blockset

Pauzed 11 20:360

30 fps

T=5567
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Design with Simulation

® Implement the design using verified iterations

® Make decisions appropriate to deployment
- Patch processing (Efficient Memory Use)
- Fixed-point operation (float-to-fixed conversion)
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oating-point mode
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Migration to Fixed-point

« Fixed-point data types — full manual control

E! Function Block Parameters: Hough Transform x|

—Hough Transform

Implements the Hough Transform to detect lines.
The block generates a parameter space matrix using the following equation:
rho = x*cos(theta) + y*sin(theta).

The block outputs this matrix at the Hough port. The rows and columns of this matrix correspond to the
rho and theta values, respectively. Peak values in this matrix represent potential straight lines in the input

image.,
Man  Fixed-point | Hough uint16
Settings on this pane only apply when blodk inputs are fixed-point signals.
—Fixed-point operational parameters boolean Hough sfix32 En16
——P(BW Theta
Rounding mode: INearest ;I Cverflow mode: |Saturate ;l TranSform
—Fixed-point data Rho sfix32 En16
Mode Signed Word length Fraction length
able IBinary point scaling I 18 I 14
o IBinary point scaling I 32 I 16
Product ouh:utl Binary point scaling - | Yes I 32 I 20
Accumulator IBinary point scaling - I 32 I 20
ough output IBinary point scaling I 18 IU
ThNg output IBinary point scaling |32 I 16

(g gsnst changes by atfoscaing foo “sfix32_Enl16”
o | o= | = | oo signed fixed-point number
— L 32 bit word, 16 bit fraction
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Migration to Fixed-point

—Fixed-point data types

™ Mode Signed Word length Fraction length
Hough T Sine Table IBinary’ point scaling j ez I 16 I 14

Impleme: Rho IBinary point scaling j Yes I 32 I 16
he blac Product uuu:lutlEiinary' point scaling j ez | 32 | 20
Accumulator IBinary’ point scaling j ez I 32 I 20

= Hough output IBinary point scaling j Mo I 16 IIII
: inary point scal x| ve | 16

Rounding mode: [Nearest = | Overflow mode: |Saturate - Hough uint16

o e boolean »lBW Hough Thetg | 5™32_En16
Mode Signed Word length Fraction length Transform

- S = Rho | 5M*32_En16

- _~— the E\CI-E-_'E_-"; ::-;-_ ) “SfIXBZ_EanH
- signed fixed-point number
x | ow | & | o | 32 bit word, 16 bit fraction
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Migration to Fixed-point

Autoscaling Tool:

B Fixed-Point Tool
Wiew  Tools

File  Simulation Fesults

Autozcaling  Help

Advisor to help set fixed-point scale factors

=l

[®W &= 5| B

Madel Hierarchy

Contentz of.  dspancfispt win32 [mmo]

Current System: dspanc_fixpt_win32

INSTRUMENTS

E--Edspahc_fixpt_wihSZ’é [rra) - Fiesults setting b=
: | MHame: I Run I ProposedFL I A | " i
— Store results as
8 kHz audio signall I#1 Moisy Slgnc‘_nla’To Wo_rkspace - [active =
[ .ﬂu[igineﬂ Signal =1 Manual Switch3/SwitchControl O ! -
@ ﬂuptiona Frare Status C... || IE] Manual Switch2/SwitchCaontral | & Dverwrlt.e el A
it I-1 M arual Switch /SwitchControl r ID"'E“""”tE LI
[ == ;
16 W Simulation setting
A0 M Logging mode:
Tioisy Signal 3 2 IMinimums, magimums and overflows ﬂ
-ﬁup[ignd Frame Status Corw... | |I21 LMS Filter : Product output u'u 27 i Diata bype override:
LB atesrfall =1 LMS Filter : Product autput B%u 2 ¥ |Use lozal settings ;l
=1 LMS Filter : Praduct output muts M 7l
I=1 LMS Filter : Output Signal C :
=1 LMS Filter : Error Signal = || Autoscale fized-point Black.
=1 LMS Filter : Accurnulator W'y 30 v il
=1 LMS Filter : Accumu!ator ' 24 v IHeference ;I
=1 Data Type Conversion r .
1 tcoustic @mentfs witch m Perzent safety margin [g.a. 10 for 10%]:
=1 Acoustic nment/Sum2 I ID
I#] Acaustic Environment/Driginal 5.. [
=1 Acoustic Environment/Digital Filt il v = | Propose fraction lengths @
EI Aroustic Environment/Digital Fil 1 I~
coustic Environment/Digital Filk... v PRy accepted fraction lengths:
A i Envi ADigital Filk... | a0 e 25 |Apal d fraction length:
=1 Acoustic Environment/Conversion 13 v it ]
131 Moisy Signal/TaWarkspace C -
Iﬁ Marual Switch3/SwitchCaontral 4 i] i | |_b ‘l Bevert | Help Al |
4
7
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Code Generation

Model-Based Design supports both
Software and Hardware systems

« Coders MATLAB ©® and Simulink ©
Code generation from models Algenthmrand SystemiDesign
Language options
Code interfacing, optimization Real-Time Workshop Simulink HDL Coder
_ Embedded Coder, Link for ModelSim
* Links largets, Links Nk for CAAENCE! IncisiVe

Verification tool integration
Project generation, build, download
Co-simulation, SIL/PIL/HIL

ENIEIETD)

@
®
>
®
L
Q)
—
®

Verify
Verify

 Targets
Processor & memory specific optimization
Device drivers, board support _ .
Schedulers, RTOS integration { C / ASM }

VHDL / Verilog

MCU DSP FPGA \ ‘ ASIC
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DM6437 Implementation

 Using Target Preference blocks to set RTW parameters

Eoard Infol Memary | Sections | DEREBIOS |

=101 x|
=101 ]

Board properties

Board type:  DE437EYM
Processor: IDME43? vl Aled new...l Edlit: ... | [relete |

L hAS 2 EWhd CPU clock: I 594 MHzZ
N Simulatar Enahle High-Speed RTDX
W Ptr_paortd r r B
Wideo ADC Code generation support

Source Wideo

Lo S PHLT
AI

Cuztom Board

E
E
E:..

motionT hresh  — Operating system: IDSPIBIOS 'I

Muotion thresh

=0
I;I-c-c

E
E
E

Board custom code

L
Py
I;I-c-c

DME42EWM W1

E
E
E

DME42EWI W2

Py
I;Im:

Terminate functions

E
E
E

DME42EWI W3

Py
I;Im:

=l =l

E
E
E

Code Composet Studio Setup

EDJ s

Es

- CC5 Board name: |C55xx Fev2.x CPU Cycle Accurate Simulstor | -
D hAGE2T EW il T‘

ProCEssor Name: |TM8320(355>< d o] i:| TCIE4B205K —

[FTERRITRITE) ;I

Edit i v

Parameters Build and Run ok | apply Cancel Help |
|
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DM6437 Implementation

« Using Hardware Peripheral Blocks

Libra commilib
File Edit View Format

Help

=100 x|

Host Communication Blocks

=0l

Byte Reversal

HOST HOST
i)
Msg
UDF Recsive UDP Send
UDP Recsive UDF Send
Byte Padk Byte Unpadk
Byte Padk Byte Unpad:
Byte Reversal

E! Library:c6000dspcorelib
File Edit WView Format

=10l x|

Help

CAN Transmit

File Edit Wiew Faormat Help
DM&437 EVM
Board Support Library
C8000 DME437EVIM DIME437EVIM
CbCr CbCr
IP Config Video Capture Video Display
IF Config Videc Capturs Video Display
DME437EVM N CE000 Ce000 v
Img Cb CbCr CbCr Cb
OSD Cr Interleave Deinterleave Cr
osh Interleave Deinterleave
DME43TEVIM DME43TEVIM D I'\-1E-43?"E\;"I'\%1{:I
Pos
Draw Rectangles CAN Setup CAN RCV Mea
DOraw Rectangles CAMN Setup CAN Recesive
DME43TEVIM
Msg
CAN XMT

C6000 DSP Core

Support Library
o dst
Memory Allocate Memaory Copy
Memaory Allocate Memary Copy
CEnon CEe000
IRGN [
Hardware |nterupt CPU Timer
Hardware Intemrupt CPU Timer
CE000
flip myEDMAdevice1
Idle Task EDMA
ldle Task EDMA
Ce000
Blodk 3
Procsssing

Blodk Processing
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Real-Time Workshop Embedded Coder

e Configuration of Code generation options

5"31; Configuration Parameters: mDTracking_subPixel_Release;

Browze. . |

Select: r— Target selecti~-
- Solwer . -

Sustern targel file: link._ert.tl
- Data Import/Export wstem targel file: |coslink_ert.tic
- O ptimization Language: :'“
- Diagnostics Description:

Link far CCS [ERT) code generation far TMS3Z20[TH] DSP platforms

oy |
—

r Documentation and traceability

¥ Generate HTML repart

v Launch repart automatically

S aving — Build process
- Hardware Implementation

- Model Referencing VILE et

v Code-to-block highlighting
¥ Block-to-code highlighting

Code reporting and traceability optio

Configure...

Selecting Embedded IDE Link CC (CCS Link) as targ

BEF eal-Time W b akefile configuration

-~ Comments [™ Generate makefile

- Symbols

- Custom Code take command: I

- Debug Template makefils: I

- |nterface

- Code Style

- Tamplates — Cuztom storage cla |

- Data Placement ™ lgnore custom storage classes

- [1ata Tepe Replace..

E:Efoolf ESg;tlons ¥ Generate code only Generate Codel
+-HDL Coder

0K I Cancel Help | Apply |
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Real-Time Workshop Embedded Coder

e Configuration of Code generation options

Select:
- 5 olver L i . =
.- Data Import/Export Target function library: Iﬁ C30 [AMS]) _I
- O ptimizatiorn Lltility function generation: 'Egg"llcssg][ﬁNsn
~-Diagnastics Support ¥ flaating-paint | GHLISS (GNU)
i~ Sample Time T2y
W absolute time 1| C55x
.. — Code interface——— ~‘ S r
.y tibilit i : B
ornpatioiliky [~ GRT compatible call i 1 TICETe

tdodel Referencing

. [ Generate reusable cod ADI BFA3x

..... Sa\ﬂng : - . g - . . "
- Hardware Implementation I™ Suppress enor status in realtime mods! data struch C 64X+ S peCIfI co ptl miz ed flxed - pO | nt ma
- Model Referencing

-] Real-Time “Workshop ==
- Lomments I Create Simulink [S-Function] block ™ MATfile logging
- Symbolz
- Custom Code — Data exchange
- Debu
Interfagce Interface: INnne ;I
- Code Style
- Templates
- Data Placement
- Data Type Replace...
- Mermom Sections
- Link, for CCS
+-HOL Coder

0k I Cancel Help | Spply |
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Real-Time Workshop Embedded Coder

e Configuration of Code generation options

5".&; Configuration Parameters: mD’

Select:

~Dat

- Har

+]-HD

=] Diagniostics
i~ Sample Time ’,

- Model Referenzing
=J- Real-Time Workshop
- Comments

- S pmbole

- Cugtom Code

- Debug

- |nterface

- Code Shyle

- Templates

- [ata Placement
- [Data Type Replace...
- Memony Sectionz

r

- Golver |

a Irmport/Export
imization

Fiun|

Build action:

| Intermipt overrun notification method:INune

CCS Specific Build Actio

|Bui|d_and_e:-:ecute

-Data Walidity

i~ Type Conversion

i Connechivity

- Compatibility

i~ Model Referencing

dware Implerentation

~ Cod

Froject Option

Froject options:

IEustom vl

Carmpiler options string: |

Get From IDEl_F ezet |

Linker options string: I

| I Profile realtime task execution

| ¥ Inling run-time librar functions

Get From IDE |

k eset |

Link Autoration

¥ Export IDE link handle to base workspace

IDE link handle name: IEES_Dbi

Link fo 5
L Coder

Cahcel

o |

Help |

=l

Al |
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Integrating Custom Code
C64x+ IMGLIB Assembly Library

 MathWorks and Tl have worked together to wrap C64x+ IMGLIB image
processing libraries as Simulink blocks

* Blocks Generate function calls to the optimized libraries
« Simulated using the functional equivalent C code on the host PC

e Download from:

http://focus.ti.com/docs/toolsw/folders/print/sp8&chtml
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Coe4x+ IMGLIB in Simulink

Edge Detection Functions

Tl CHdet
in_image

out_image

IMG_sobel_3x3_8

e

TI Cdeet
in_image

out_image

I G _sobel_3x3_16

T

Tl Chdt
[ ]

in_image

IMG_zobe I_3>%1 Gz

out_image

T

Tl Chdeot

in_image out_image

&

I3 _zobel_S<5_16s

TI Chdt
| ]

in_image out_image

I G_sobel _TxF_16=

Image Threshold Functions

Tl CEdt

in_image out_image

-3

I & _thr_gt2max_ 2

TI Chdet
[ ]

in_image out_image

Il G _thr_gtzthr_2

Tl Chdt
[ ]

in_image out_image

I _thr_leZmin_2

Tl Chidt
[ ]

in_image

MG _thr_leZthr S

out_image [

Tl Cht

in_image out_image

&

I G_thr_gtZmax_16

TI Chdt
[ ]

in_image out_image

IMG_thr_gtZthr_16

Tl Chkt
[ ]

in_image out_image

I G _thr_leZmin_16

Tl Chdt
[ ]

in_image

I _thr_leZthr_16

out_image [
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Coe4x+ IMGLIB Vertical Filter w/ DMA

ipldws_fixpt_dm6&437_bv7/...fLane Detection/Lane Detection = IEIIﬂ
File Edit view Simulaton Format Tools Help
~ y iii [ -
- = == 21
D|DH§|%E|<}==:>{PI‘”J@'|> l'rd INon‘naI ‘”mﬁ@ |E@®
Hough P Hough Lines wu s v Thets
G000
( ) . = Clas = - - Hough - = s
1 - Blodk |—» Edges Clean Edges il Bw = BV Trsnsf:}rmThE{E P»{ Theta_list Hough Pts
| Processing | — N -~ count Rhe | nes Pl
Blodk Frocessing CleanEdges mege threzhelding Rho | Rho_list
Hough Transform Peak detection Ref |
Caonvert lines from
Polar to Cartesisn space
Ready 100% [FixedstepDiscrete 4

ﬁ vipldws fixpt dm6437 bv7/_ /Block iterator/sub-block process

File Edit Yiew Simulation Format Toos Help

=1ol]

DIEHS| BB 4|22 » s [Noma BB é
TI Codx+
[ P in_image -
I out_image 1 )
e filter Cut
IMG_oconv_3x3_i8_cBs
-1 0 1
o o a
o o a
Constant
Ready [100%% [ |FixedStephiscrete v
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MBD Implementation Decisions

v" Automatic Code Generation

v' Language Specialization (C, HDL)
v Design Space Exploration

v’ System Integration

Continuous Design
Test and Models with
Verification Simulation

Implementation
with Automatic
Code Generation
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Doheny Eye Institute Develops Next-
Generation of Retinal Prosthesis with
MathWorks Tools

The Challenge

To develop next-generation, higher-resolution retinal
prostheses

The Solution

Use MathWorks tools to develop, simulate, and
automatically generate code for real-time image
processing algorithms

The Results
= Development time reduced from months to weeks

= DSP deployment streamlined
= Patient testing improved

lllustration of a retinal prothesis
prototype .

“With Video and Image Processing
Blockset and Embedded Target for
T1 C6000, we rapidly prototype our
Image and video processing
algorithms on the DM642 board.
This can save me days or weeks of
time.”

Neha Parikh,
Doheny Eye Institute

13 TEXAS
INSTRUMENTS




Next Steps

e Visit us at the Table to see other demos

« Contact MathWorks representative to get a trial
and more information
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Thank You!
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