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Model-Based Design “From Concept to Code”

Modeling &
Simulation

TARGET COMPUTER HARDWARE UNDER TEST

Interactively control plani,
ECU, sensors, and actuators.

Run your Simulink model in
real-ime with xPC Target.

Real-Time Test

=

Physical
Modeling

Verification &
Validation

Code Generation
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Quick MBD Overview
Brushless DC Motor Control

Code

if (g_f4_ig_ref > MTR_LIMIT_IQ) {
g_f4_iq_ref = MTR_LIMIT_IQ;

: s if(g_fa_ig_ref<-MTR_LIMIT_IQ){
neration "'z i rer= -mtr OMIT_iQ:

Model

T1 F28069ISO + DRV8312-C2-KIT used
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Example on YouTube MATLAB Channel

Yﬂllp Q FoFO—F

A MATLAB R201 36

2 Sy a#EE 0 @D

— Matlab-C2000 LaunchPad
E# : Lokman Gokdere
REO% 45503

Parma
Hote: This sxam

Programming DSP TMS320F28335:
Part1 - Creating a first project with
E#& : THN Channel

| tRE@E# 221103

L

OWON SDS57102 Complete Review
& : Mark Madel
REEO# 62,909 0

" Simulink code generation from
MATLAB for Tl C2000 processors -
TE#E: MATLAB

REEEE 17 4710

100% FimedSteplicrete

Dummy load for BLDC controller

testing
€% Oleg Mazurov
MEO® 74450
MATLAB
Simple DC Motor Explained
777? . TEHE: MutleyS000
tREEE® 175,408 O
+ EfD o HE e TOH 1 2 &
s} $TM32 Matlab PIL Simulation
2014/03/14 |4 B8 | I | fE: John Shamu
Program T1 C2000 LaunchPad using Simulink&for your real-time control programming apglications. To i HRO® 59320
Download the files used in this video: http:/fwww_mathworks.com/matlabcentra... : 8:11

https://www.youtube.com/watch?v=wxYTLbYfBPO
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How to Embed Your Model?

Coder Solution!

MATLAB Coder®

P\

Embedded Coder®

C/C++J

Simulink Coder®

[———

C

7

MCU/DSP

RCP/HILS

HDL Coder™

FPGA/ASI

Simulink
PLC Coder™
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C/C++ Code Development with Embedded Coder

MATLAB Program
Simulink/Stateflow Model

Code Generation

= Used with existing code
= Used for implementation
= Standalone executable/dl|



What is Your Merit?

Modeling & Simulation

= Graphical modeling
— Readable, easy understanding

= Early verification & validation
— Concept test without hardware

Automatic Code Generation

4\ MathWorks

= Coding time reduction

= Error reduction from model to
code conversion

= Automatic synchronization
between model and code

if (reset) {
y=0;
else {
y+=k * u;

}
}



User Story

4\ MathWorks:

Model-based design was a key enabler to Volt’s rapid development.

With its more than 100 electronic

Credit: General Motors LLC 2011 controllers and about 10 million lines of
computer code, the Volt significantly raised

the level of controls and systems-
integration challenges for GM engineers.

Nearly 100% of the software for
many of Volt’'s modules was
generated automatically.

“We have a single source for
how a particular function
should behave. Automatic
code generation using The
MathWorks’ Real-Time
Workshop Embedded Coder
was vital to meeting Volt's
aggressive program timing.”

Greg Hubbard
Senior Manager

10
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Embedded Coder Quick Demo

Modeling boolean_T reset;
- ﬂ - const volatile int8 T k = 2;

Y

(gx{m; g J

. uj:;j int1¢ = int16) N . .

“ ? void rst_cntr_step(void)
int16 1; {

if (reset) {

Configuration y=0;
Solver System target file: ert.tic } else ‘r

Data Import/Export [
b Optimiza_tion Language: C —F: .
’ Elaar%r\.?asrtécimplementatinn Description: Embedded Coder y +— \I ntl 6_T) (k * U) y
Model Referencing Target hardware: [None
> Simulation Target
. Bulld process }
Egrrlr?n"tlents Toolchain settings }
Symbols Toolchain: |Automatically locate an installed toolchain
Custom Code
Nehin Microsaft Visual C++ 2013 v12.0 | nmake (6
Data Attributes —
Data type: boolean| M
Complexity: ’auto '] .
Dimensions: -1 Dimensions mode: ’auto '] u Eq u Ival e nt C Od e aS M Od e I
Sample time: -1 Sample mode: [auto ']
wnimam: () Mt () - High Readability & Efficiency
Initial value: Units:

Code generation options

Storage class: |ExportedGlobal M 11




Data Attributes

e
1y

Con

stant

L

Gain

(# nte int16
T —?
u

1

Switch

int6| 2

Unit Delay

boolean T reset:;

const volatile int8_T k = 2;

void rst_cntr_step(void)

{

y=0;
} else {

y += (intl6_T

(k

}
}

iff(reset) { Global Variable

\

&\ MathWorks

= You can define data
attributes in your model

— Signal line

— States (Unit Delay etc.)
— Block parameter

roid rst_cntr(

boolean_ T reset,

INt16 T u,
int16_T *y)

— Stateflow data

Function
Argument

12



Code Generation Report

“& Code Generation Report

o @ fEFE

Contents

Code Metrics
(lines, memory size, etc.)

LOUC Iy A

Traceability art

Static Code Metrics Report

Code Replacements Report

Generated Code

Generat. code

[-1 Main file
ert_main.c

[-1 Model files
rst_cntr.c (1)

rst_cntr.h

[-1shared Utility files
rtwtypes.h

@ ¥ ANFDXTERSE]
32 % Model step function */
éﬁ void rst_cntr_step(void)
35 /% Switeh: '<Root>/Switeh’ incorporates:
36 * Constant. '<Root>/Constant’
37 * Gain. '<Root>/Gain’
38 * [nport: '<Root>/reset’
39 * [nport: '<Root>/u’
40 * Sum: '<Root>/Suml’
j; * UnitDelay. '<Root>/Unit Delay’
%/
43 if (reset) {
44 =0;
45 } else {
46 y += (int16 T) (k * u);
47 ]
48
?2 J* End of Switeh: '<Root>/Switech
A1

html report

Traceability between
Model and Code

EI Simulink Root
rst_cntr

int16

Constant

ﬁbuu\ean

1
M——"Freset
reset

int!6

int16

§

Switch

<

intl6| 2

Unit Delay

Simulink Report Generator required to generate model view

&\ MathWorks:
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How about Efficiency of Generated Code?

Table 2 ROM and RAM comparison between a
floating-point hand code and auto code.

INTERNATIONAL,

Hand Code Auto Code

ROM 6408 6192

RAM 132 112

Table 1. Throughput Comparison between Model-Generated Code and

Hand-Code

LEARN

Articlas

Events
Publications
Standards
Students

Training/ Education

Webcasts/Video

HOME  AEROSPACE AUTOMOTIVE COMMERCIALVEHICLE TOPICS  SHOP MY SAE Login §7

= Learn » Publications > Technical Papers Search

Multi-Target Modelling for Embedded Software Development for
Automotive Applications

Faper #:  2004-01-0269 Published: 2004-02-08

Select
20 o
Iz v

Members =

DOol: 10.4271/2004-01-0269

Citation: Hodge, G., Ye, 1., and Stuart, W., "Multi-Target Modelling for Embedded
Software Development for Automotive Applications,” SAE Technical Paper
2004-01-0269, 2004, doi:10.4271/2004-01-0269.

Members|

Ordering

Author(s): [ Grantley Hodge [0 Jian Ye [ Walt Stuart

Affiliated: [ Visteon Corp.

INTERMATIONAL,

LEARN

Articles

Evenls
Publications
Standards
Students

Training { Education

Webcasks/Video

HOME  AEROSPACE AUTOMOTIVE COMMERCIALVEHICLE  TOPICS  SHOP MYSAE Login =

= Learn © Publicstions » Technical Papsrs Search

Application of Auto-Coding for Rapid and Efficient Motor Control
Development

Paper =: 2014-01-0305 Publishad: 20120401

Select
=0 oo
T v

Mambars &

DOI: 10.4271/2014-01-0305

Citatian:  Walters, 1., Harianto, ., Kelly, E., and Sugiarto, T., *Application of Auts-
Coding for Rapid and Efficent Makar Control Development,® SAF Int 1
Pssseng, Cars - Electron, Eleck  Syst  7(2):481-480, 2014,
doe:10.4271/2014-01-0305.

Members|

Author(s): [ Jamas Walters @ Cahya Harlants [ Edward Kslly [ Tanto Suglarts Ordaering

Affilhated: @ Delphi Autamative

Throughput (uSec)
Task ! Module
Model Hand-Code
Current Magnitude and Phase
Process (2.2} 1.42 1.3
ABC to QD0 Frame Transformation 076 0.52
(2.3}
Resolver Harmonic Learn (1.12) 0.48 0.22
Angle Position Determination (2.1) 0.83 0.84
Pl-Current Regulator {2.5) 762 7.51
Torque Mode {1.3) 4.82 472
D0 Rotating to Stationary Frame
Transformation (2.7) il AR
Complete 100 uSec Task 65.37 63.83
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How about the Standard Compliance?

&\ MathWorks

MISRA C

= Most rules satisfied

= You can download MISRA compliance document
http://www.mathworks.com/matlabcentral/answers/102532-misra-c

1ISO 26262 / IEC 61508

= Tool Qualified by TUV SUD
(1SO26262 ASIL A-D)

AUTOSAR

= You can download AUTOSAR Support Package
via Simulink menu

15



How to Design Fixed-Point Controller?

Fixed-Point Designer

Fixed-Point Data Type Settings

HeflE - #e :
2 EihdiE x| hEEDES 2
i = BEREDIT-E

e 025 Hi#llo

Conversion between Float and Fixed-Point

Efficient Fixed-Point Scaling

i ' L
1 2 a 4

Reduce Quantization Error

Fixed-Point Auto Scaling

Useful for Quantization Error Test

Fixed-Point Simulation

Efficient Code Generation

int16 Tk = 13U;
Fixed-Point Value

v=y+k*u>>3;

Scaling Adjustment Calculation

Fixed-Point Code Generation

4\ MathWorks

16
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One More Example:
Digital DC/DC Converter Control System

DCBusPwr BuckChli

L-u:-ad*Ch 1 Active Load 1

E—

Vout =2V
Controlled by
mm 11 C2000
e MCU

DMM

T1 C2000 DPS Workshop Kit (CPU: F28035)

17
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Simulation Model
Use for circuit/controller design, parameter tunings

= Making an analog circuit with Simscape components
« Fixed-point PI controller + Rate Limiter (Soft Start)

Digital DC/DC Synchronous Buck Converter
Voltage Mode Control (VMC)

This example is a control system model to simulate TI C2000 DPS Workshop EVM (TMDSCZKWRKSHPKIT).

R4 =

0.03 ochm {schematic) +

0.05 ochm {wiring, parasitic, etc.) FE.,.S |:|
. |
— ey AN @ v PSS
G, =
L
L R4 Current Sensor Scope
“oltage Sensar
o1 CE
C‘:)w - C2 t Eg = RS 2y 3
= T c3 cs T Active Load
c4 co
%‘
l fix)=10
Solver
= ‘Configuration
PWM3
PWMIL Vot 2471
FYWMIH Voltage Divisicn
MCU

18



Code Generation Model to F28035

Turnkey to download the controller model into MCU

4\ MathWorks:

Using EC T1 C2000 support package to implement I/O and ISR

Woutl Violtage Division Ratio ; 120/355
Woutl Max Voltage : 3.3 [WV]

Scaling : 3.3 = 3565/M20 = 9.7625

VoutlRef

Data Type = feodt]{1,22

=fpdZ_End =2 _En2d
— VRaw WLim
24

1 kHz periodic task

ActivelL DTEM

CeCeDE

Actve Load Enable

100Hz periodic task

=fpdZ Endd
———

Fate Limiter

Watch _Warisbles

C28x
|F.l_q3} ............... -
1
Intermrupt i
1
i
i
i
i
¥

EPWIMT_INT{}
=32 _En2s
Vout1Reaf

Fl_Controller ISR

PWM ISR
200 kHz task

19
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CLR/IQmath Blocks and PIL Profiling
C2000 Support Package provides code optimization
opportunity and execution time estimation

ANSI-C (No Optim) 6.15 us
rtb_Gain * Pgain (cannot run
' '»@ at 200 kHz)
T1 C28x CLR Only c28x_mul s32 s32 s32

_sr(Pgain, rtb_Gain, 3.23 us
24L)

TlI C28x CLR + IQmath

o e _1Q24mpy(rtb_Gain,
% —  Pgain)

1.8 us

Pgain p B

IQNmpy
aType = fixdt(1,32,24) IQN x IGN

20



4\ MATLAB R20143
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[ =4 Bl video Preview - winvideo:1
A
ZAUTH

RO
2%

= slp

tm
) run
L] tm
s trg
£ tm
% tm
& tm

4

A A I-‘Il
ALy op oo
LE "’Hﬂ"-'ut L)

LE-u)
R TSR L0 UBETT
sV Tu] SEREY

&

[, %
| 14:43:41.352 | 1280720

|| Waiting for START.

tmdscZkwrkshpkit_ctrl.six (Simulink £

|
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Summary

You can achieve highly efficient development cycle

Simulink/Stateflow /

Model =

Desktop Simulation

Concept
Specification

Focus on
Improvement

o~ MCU/DSP
B Experiment

Coder Products — :
\, = Reduce Coding

22



