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Model-Based Design of Magnetic Levitation Guide Control

System for Ultraprecision Machining

Researchers at Leibniz University Hannover used Model-
Based Design to build a high-precision machining prototype
that uses electromagnetic levitation guides.

Results/Key Outcomes

= Model-Based Design enabled modeling and simulation
of a high-precision machining prototype with extra
degrees of freedom and active vibration control

= Simulink PLC Coder was used to streamline
development by automating IEC 61131-3 Structured
Text generation for a Beckhoff Industrial PC

“Model-Based Design was instrumental in achieving our
initial objective: demonstrating a first-of-its-kind, fully
functional prototype for ultraprecision machining with

magnetic levitation guides.”
- Per Schreiber, Institute of Production Engineering and Machine
Tools (IFW), Leibniz University Hannover

Link to article

workpiece  fine positioning DoF
spindle

z-axis . = ’ aerostatic magnetic
(aerostatic)  |inear direct drives ~ bearings  linearscale  actuators

The ultraprecision machining prototype showing larger scale
positioning axes on the left (x, y, and z) and small-scale positioning
using electromagnetic actuators on the right.
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https://www.mathworks.com/company/technical-articles/prototyping-magnetic-levitation-for-ultraprecision-machining.html
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Drass Develops Deep Learning System for Real-Time Object
Detection in Maritime Environments

Challenge
Help ship operators monitor sea environments and detect objects,
obstacles, and other ships

Solution

Create an object-detection deep learning model that can be
deployed on ships and run in real time

Results
= Data labeling automated
= Development time reduced
= Flexible and reproducible framework established

“From data annotation to choosing, training, testing, and fine-tuning
our deep learning model, MATLAB had all the tools we needed—and
GPU Coder enabled us to rapidly deploy to our NVIDIA GPUs even

though we had limited GPU experience.”
- Valerio Imbriolo, Drass Group

Drass
Maritime object tracking on NVIDIA GPU

Link to user story 118
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KEK Develops Power Converter Control Software for the J-
PARC Particle Accelerator with Model-Based Design

Challenge

Engineer a power converter capable of delivering more than
100 MW to electromagnets used to control proton beams in J-
PARC’s particle accelerator

mpus)

Solution

Use Simulink to model and simulate the power converter control
software and plant and generate synthesizable Verilog code \ st : .
from the controller model using HDL Coder Birds-eye view of J-PARC and its main ring particle accelerator.

BC Voltage Contraller Effective Power Controller

g~= S-S POy
z =)

Reactive Power Controller

“‘Model-Based Design enabled us to develop the control
software at a cost 60% less than the estimates provided
by major manufacturers and to cut development time by

more than 50%.”

- Yoshinori Kurimoto,
High Energy Accelerator Research Organization (KEK)

Continuous Phase PLL =)=

; ; Simulink model of controller subsystems.
Link to article y 119



https://www.mathworks.com/company/newsletters/articles/automating-the-analysis-of-rf-measurement-data-for-high-performance-computing-cables.html
http://www.mathworks.com/company/newsletters/articles/developing-power-converter-control-software-for-the-jparc-particle-accelerator.html
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Dyson Accelerates New Product Development with System-
Level Simulation and Code Generation

Model-Based Design enabled faster innovation and reduced time to \ |
market for Dyson’s first-ever wet floor cleaner, the WashG1.

Key Outcomes

= By leveraging Model-Based Design, Dyson accelerated the
testing of new design iterations, achieving a 100% increase in
speed.

= Using Embedded Coder, Dyson shrunk its software release
cycle from 10 weeks to nine days. _

= Using Requirements Toolbox, Dyson tested their requirements Components of Dyson roller technology.
before the hardware testing phase.

“We needed to explore many different concepts and = B —
directions. Using Model-Based Design and Simulink el = =t
models gave us the ability to be agile and turn new — o . = { - f m .
ideas around twice as fast compared to our document- e = st e { . e s 1l il—a
—— B it T @]
based development process.” ‘-@ 1 | ‘ Wl ="
- Romain Guicherd, lead advanced control systems engineer at -—‘ | - — e UL
. R T {8 g

Dyson

_ Dyson roller technology modeled in Simscape. (Image credit: Dyson)
Link to story 120


https://www.mathworks.com/company/mathworks-stories/dyson-uses-model-based-design-and-automatic-code-generation-for-new-product-development.html
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Use Simulink to Deploy Motor Control Algorithms on SoC

N
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e ] o L . o Trenz Electronic Motor Control Dev Kit

Mode 4.- 1010 %“m -
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Verify_Outputs
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q C Compatible Libraries ] HDL Compatible Libraries
simulink C/HDL Compatible Libraries
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System
Inputs
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Current
Control
Controller Alionthm

Main application aera
=  Wireless Communication
= Radar
= Vision
=  Motor Control

ll%lli

Motor_And_Load

openExample('shared mcb soc c2b/ImplementFieldOrientedControlOnFPGASoCExample')
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https://www.mathworks.com/help/soc/ug/foc-motor-controller-on-trenz-board.html
https://www.mathworks.com/help/soc/ug/foc-motor-controller-on-trenz-board.html
https://www.mathworks.com/help/soc/ug/foc-motor-controller-on-trenz-board.html
https://www.mathworks.com/help/soc/ug/foc-motor-controller-on-trenz-board.html
https://www.mathworks.com/help/soc/examples.html?category=wireless-communication&exampleproduct=all&newonly=&s_tid=CRUX_lftnav
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|IQIP Uses HIL for Virtual Commissioning of Offshore
Machines

Using MATLAB, Simulink, and Simulink Real-Time, IQIP
created an HIL setup for virtual commissioning of a pile e IR | = =
driver for offshore foundations. The setup can also inject | I. ke l) [
faults impossible to reproduce on real hardware because
of the resulting damage, enabling operator training under
realistic conditions.

Key Outcomes/Advantages:

Hardware-in-the-loop setup with 3D visualization (left) and the actual

= Achieved faster development, integration, and control hardware connected to the real-time target (right).
testing of offshore pile driving machinery using
virtual commissioning “Without the HIL system, operator training was performed
= Improved product reliability through comprehensive with an actual Hydrohammer, which is costly. With the
fault injection testing HIL system, we can now simulate all sorts of faults
= HIL setup enabled realistic training environments for occurring in reality in the field. On an actual pile driving
operators with fault injection that is impossible to machine, many of them would lead to damage.”
recreate on the real machine - Michael Schaap, technical director, IQIP

Link to user story 122
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Default generated code

« Basic generated functions format:
— void modelname initialize(void) : to call at system initialization
— Void modelname step(void) : to call each processing step (on timer or interrupt)

— Void modelname terminate(void) : to call at system shutdown.

= Code optimization & customization:

— None or limited

How to customize / optimize my code?
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Integrate Generated Controller Code with Your Hand-Coded

Software Project
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Integrate Generated Controller Code with Your Hand-Coded

Software Project

&\ MathWorks

Hand

Embedded Software Project Pseudo-Code

main()

{
adclnit();

encoderlnit();
pwmlnit();

controllerinit();

while(1) {
}

interruptServiceRountine()

{
AdcStruct = readAdcCountFromDriver();

EncoderStruct = readEncoderCountFromDriver();

PwmsStruct = controllerStep(AdcStruct, EncoderStruct);

writePwmCountToDriver(PwmStruct);

}
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Basic generated code architecture & interface

Configure C Step Function Interface: RGBledsControl_Custom

Configure the generated C Step function interface, including function name and arguments.

| >

C function prototype: arg_lLedslLevel = MyStepFunc({* arg_PushButton, arg_Slider, * a

C Step Function Ngme: MyStepFund

De—]

Configure arguments for Step function prototype

Get default (* invokes update diagram)

C return argumer@rentLed Set

Port Name

PushButton

Slider

LedslLevel

Clear

Latch

SerialBits

.
-

Port Type c er
Inport Paointer | -
Inport Value | -
Outport Pointer -
Outport Pointer -
Cutport Paointer -
Outport Pointer -

Code Generation Report

nts

Summary

SubsystemgXeport

C |dentifier Name

_PushButton

arg_Slider |_Custom.c

arg_LedslLevel

arg_Clear

arg_Latch

arg_SerialBits )

= Customsation

4F % Match Case

— Names

— Arguments Type qualifier

4\ MathWorks

Code Interface Report for RGBledsControl Custom

Table of Contents

Entry-Point Functions

Inports
QOutports

. ® ® * =

Data Stores

Interface Parameters

Entry-Point Functions

Function: RGBledsCaontrol_Custom_initialize

Prototype
Description
Timing
Arguments
Return value
Header file

void RGBledsControl_Custom_initialize(void)
Initialization entry point of generated code
Must be called exactly once

None

None

RGBledsControl_Custom.h

Function: MyStepFunc

Prototype

Description

uint8_T MyStepFunc(boolean_T *arg_PushButton, real_T arg_Slider,

real_T arg_LedsLevel[3], boolean_T *arg_Clear, boolean_T *arg_Latch,

boolean_T *arg_SerialBits, boolean_T *arg_Clock)

Output entry point of generated code
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Basic generated code architecture & interface

Property Inspector

= Customization
@nk.Paramet@

— Simulink.Parameter object

Source

— Storage class — o s “ piCtrl_dataobj_start.h (5) v Q Search
Description
> Design Highlighting: lines modified in last build
v Code /* Type definition for custom storage class: Struct */
Storage Class Struct -| typedef Mt ctrl_terms_tag {
Struct Name it terms 12 real T Ki; /* Referenced by
Alignment O 73 ioType yi_presat; /* '<S1>/Sum2' *
Identifier 74 ioType yi_sat; /* '<S1>/Saturat
75 ioType yp; /* '<S1>/Proport

} ctrl_terms_type;

Code Mappings - Component
Data Defaults Funglion Defaults Functions Inports Outports Parameters L[

| @ | / Filter contents /* Gain:

'<S1>/Inte 1 Gain' indorporates:
* Gain: '<S1>/Sample N
Source Storage Class %
v External rameters (2) 103 tmp_0 = floor((real_T)(int16_T trl_dataobj_start_P.Ts * rtb_Sum) >> 9) *
[;‘,‘".] Ki Struct 104 0.001953125 * ctrl terms.Ki * 512.0);
= ANK D 3E (rtTeMall+mn ) || w4 TcTnEl+mn O £
4 Kp Define

Model Parameter Arguments (0)
Model Parameters (0)
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Basic generated code architecture & interface

= Customization

— Simulink.Signal object

— Storage class

Simulink.Signal: yp

&

piCtrl_dataobj_start.c

4\ MathWorks'

17) v| Q Sean

Highlighting: lines modified in last build

/* Definition for

cirl f“_t 5

| ¢ v Q

piCtrl_dataobj_start.h

©® |[Palpictri_dataobj_start b [Pa|ETC_Controller v

Q '0;199 int_scaled O — ko o .oTyOpl:pULSCaled !
set_point_scale ool Gal output_scaled

E ioType

= D etle;  TPuLsosled ™ EE Ty ioType

k3 Sample Time  Integral Gain .S‘alur‘ano‘r"l‘y'QSE&

=

Il 1] |
Model Data Editor (7 I

Inports/Outports Signals Data Stgffes States Parameters
|Design b E ‘E E \ Filter contents |

Scn.AJrce Iame Data Type Min Max Jimension Complexity iample Timi Unit Resolve A

"= Proportional Gain yp Inherit: Same as in... [] Inf 1 real -1 [0.01 0]

"= Sample Time Inherit: Same as in... [] real -1 [ |:|

"= Saturation yi_sat Inherit: Same as in... [] Inf real -1

= set_point_scaled set_point_scaled Inherit: auto ioType [] nf[] nf -1 lauto real-1 |:]

= Sum Inherit: Inherit via ... [] nf[] T 1 eal -1 [ |:]

= Sumi output_scaled Inherit: Inherit via ... [] 0 f real -1 [0.01 |:]

= Sum2 yi_presat Inherit: Inherit via ... [] -Inf ] Inf 1 real -1 [0.01 0] i

Highlighting: lines modified in last build

- typedef struct ctrl_terms_tag {
ioType yp;
ioType yi_presat;

78

ioType yi_sat;
} ct

é

Highlighting: lines modified in last build

piCtrl_dataobj_start.c (17) v Q Search

/

'<S1>/Unit Delay' */

124

125 ctrl_terms.yi_sat) * 0.001953125;
/* Update for UnitDelay:

128

om storage class

fearch

/* Type definition for custompstorage class: Struct */

/* '<S1>/Proport
/* '<S1>/Sum2' *
/* '<S1>/Saturat

piCtrl_dataobj_start_Y.ETC output scaled = (real T)(intl6_T)(ctrl terms.yp +

piCtrl_dataobj_start DW.UnitDelay DSTATE = ctrl terms.yi sat;
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Basic generated code architecture & interface

« Basic generated functions format:
— void modelname initialize(void) : to call at system initialization
— Void modelname step(void) : to call each processing step (on timer or interrupt)

— Void modelname terminate(void) : to call at system shutdown.

« Several possible customisation using Embedded coder
- Functions / files names
- Function interface (return & argument passing mode).
- Several step functions for concurrent tasking.

example : int MyModel_step(int inputs, *int params, *int dworks)
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Configuration Panel & Code generation objectives

) Code Generation Advisor - soc_pmsm_singlecpu_foc = O *

File Edit PRun Settings Help

Find: v @ B

Check model configuration settings against code generation objectives

¥ | g Code Generation Advisor Analysis

A checkmodel configuration settings against ¢ Check model configuration settings against the code genemtion objectives. Suxessfully passing this check may take multiple itemtions
since a change to one option can impact other options.

o Check for blocks not recommended for MISRE

o Check for blocks not recommended for C/C+ Run This Check

ﬁ Check for unsupported block names

B Result: J§ Warning
Set Objectives - Code Generation Advisor X

Description ent Objectives: Debugging, MISEA C:2012 guidelines

Select and prioritize your code generation objectives. You can add custom

objectives, for details, see the documentation. llowing parameter values are not optimized for the selected objectives.

Available objectives Selected objectives - prioritized fomatically fix the warning, click the Modify Parameters’ button and then rerun the check. To manually fix the warning,
Executi ffici - ink to open the Configuration Parameters dialog box, and manually apply the recommended valne.
[EXecu IOT'I'E Iciency C Val R led Value
ROM efficiency " S
RAM efficienc irve condition expression in if statement off on
o y @ ace multiplications by powers of two with siened bitwise shifi= on off
Traceability E . L
. v richt shifts on signed integers on off
Safety precaution «l = _ : :
Debugging @ ess zeneration of default cases for switch statements if unreachable on off
MISRA C:2012 guidelines .1151.1.:::1. ﬁ.:r ﬂ:ed_—_t:cmt uetjlat:net computation zﬂ‘ ] :fl -
Polyspace : '

ent values to recommended values. Some parameters might require manual changes.

OK H Cancel H Help

Parmmeters
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Code Replacement & Legacy Code

& Configuration Parameters: Configuration

Q

Solver
Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
¥ Code Generation
Optimization
Report
Comments
Symbols
Custom Code
Interface

Software environment

Code replacement libraky: |ARM Cortex-A

Shared code placement_ | 8rrtn

Code Generation Report
Support: [v] floating-p

|4} % Match Case

<= (S F|nd:|
absolute t
Contents
Code interface Summary

Code interface packagi 3ubsystem Report

Code Interface Report

Traceability Report
Data exchange interface  Static Code Metrics Report

[ | Remove error statu

Coder Assumptions

Generated Code

(-1 Model files
RGEledsControl_Custom.c

RGEBledsControl_Custom.h
RGBledsContrel Custom_

RGBledsControl_Custom_t

Code replacements in RGBledsControl Custom

Code replacements for library "ARM Cortex-A'. The library comprises:

« ARM Cortex-A
o crl_table_nel0
o GCC_ARM_NEON_mw_lib
o GCC_ARM_NEON mw lib

To see the replacements and misses in the Code Replacement Viewer, look here.

1. Function replacements in RGBledsControl_Custom [hide]

The following table provides a mapping from the functions used from the selected Code Replacement
Library to the blocks in the model that triggered the replacement.

Function Block
ceil <55>/1-D Lookup Table
memset Unknown

4\ MathWorks
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Memory usage reduction & data quantitization

Objective: Code generation for micro-processor ARM 7 minimizing Memory usage

sensors

EngSensors

Intake Airflow Estimation and Closed-Loop Correction

single (deg)

.01-.01z-1 |single

<throttle>

single (rad/s)

ul

<speed>

u2

1-.82-1
Throttle Transient
single (g/s) :
g single (@/s) f
2-D T(u) % 28 est_airflow

rple

KS «—» - Look up Tables —

+

single (bar)

Pumping Constant / 4>|_‘

<map>

single (V)

>

<ego> boolean

IA

@ boolean

Feedforward Control
2-D T(u)
—»{ ul .
sifigle

> u2 Z

05 | —
Ramp Rate Ki

single

single i
- g > r——|single X single ST
Oxygen Sensor single single j e0 i el [ single KTs single
Switching Threshold gl = .-

z-1

OZ_normg

|d7FueI Modes

fuel_mode

-

sld_FuelModes
sld_FuelModes.LOW }—b

fb_correction
— F -
uint8
» \ boolean

/ enable_integration
M Feedback Control

normal_operation
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Single Precision Conversion Result

4\ Simulation Data Inspector - untitled”

« O B ®

@ &P »

Q

« <

Inspect Compare

Filter Comparisons
NAME (BASE)

~o

~ Compare solution_c221e22260053c6e6b5ac...

@  airffuel ratio

v fuel

Properties bt
BASELINE COMPARE TO

Name fuel (fxpOpti... fuel (solutio...

Line

Override Global T_.. yes no

Absolute Tolerance 0 0

Relative Tolerance  5.00% 0.00%

Time Tolerance 0 0

Units ais als

Data Type double double

Sample Time Continupus | Continuous

Run Compares... Compares...

Baseline: |Enterrunorsignalname "| Global Abs Tolerance: ljl Global Time Tolerance: ljl

O 4

Compare

Compare to: |Enterrunorsignalname "| Global Rel Tolerance: ljl
| @ | e a 2 Ja ]

LN

W fuel (fxpOptimization.BaselineRun) M fuel (solution_c221e22260053c6e6b5act74710b6050743eadb2) W Tolerance

ek ”NT\F\ rl |

U
|| fil

Lt 1

e

(TR AAL [1]|"‘|'|m
| JHMIM

il
S

ol

\\V\\J\,/JJJJ,J 4 ~ "‘J-\‘“ e
— - A
] -] 7 ]

] i 11

12

14 18

Data Type

Double

‘ MathWorks

Memory Usage

(Bytes)
12048

Single

6024
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Fixed Point Conversion Result

4\ Simulation Data Inspector - untitled*

Q E ‘| Baseline:

Inspect Compare

2 Within tolerance
@ 0 Out of tolerance

— a >

| Ranges(Double)

"’| Global Abs Tolerance: Ijl Global Time Toler;

Compare to: | Embedded

"| Global Rel Tolerance:

M airffuel ratio (Ranges(Double)) W airffuel ratio (Embedded) W Tolerance

@B |aQ dailnad

Filter Comparisons -
MAME (. |ABS. REL .. MAX . X ] —

+ Compare Embedded to Ranges(D...
E v airffuel . 0 0.00% 0.03

® fuel 0 0.00% 0.05
f Properties w g . . . . . . .
- BASELINE  COMPARE TO o 2 4 8 g 10 12 1

Mame airffuel r... | airfuelr... W Difference m Tolerance
‘ Line /, +

Owerride Glob... no no 05+
ﬂ Absolute Tole D 0 '

Relative Toler... 0.00% 0.00%

) e WA v PARNANAY |

@ Time Tolerance 0 0

Units 1 1

Data Type double double 0.8 ‘\

Sample Time Continuous  Continuous

0 2 4 g z 10 12 14

Bun Comnar Comnar

Data Type

Double

‘ MathWorks:

Memory Usage

(Bytes)
12048

Single

6024

16 bit Fixed

3012

* Need Fixed Point Designer
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Data Type Optimization Result

Double 12048
Single 6024
int8 (deg) - -1 | sfix8_En10 H H
p 101z b+ 16 bit Fixed 3012
<throttle> 1-.8z-1
Throttle Transient Opt| mized 2224
ufi
> L |
ufix16_En7 (rad/s) 1 2-D T(u) % w»
<speed> > sfix16_En17 q 8 Ens
urx n
—P|u2 X P+
Pumping Constant >
ufix16_En16 (bar)
Bl Feedforward
| |
] 2-D T(u)
> u ufix8_En9
. P u2
ufix8_En7 (V)
<ego> > 05 R f.;-t———;
ego amp Rate Ki
< boolean ufix8_En8
ufix8_En8
05 F——— P - |sfix8_En7 w  |S8_EnT0 ST
p ,
Oxygen Sensor convert ufix8_En7 + | e0 ef > sfix8_Eh10
Switching Threshold <|
| =

* Need Fixed Point Designer 138



Lookup Table Optimization Result

Block Parameters: Ramp Rate Ki
Lookup Table (n-D)

Perform n-dimensional interpolated table lockup including index searches. The table is a sampled representation of a
function in N variables. Breakpoint sets relate the input values to positions in the table. The first dimension corresponds to

the top (or left) input port.

Table and Breakpoints ~ Algorithm
Data Type
Table data: fixdt(0,8,9)
Breakpoints 1: fixdt(0,8,-2)
Breakpoints 2: fixdt(0,8,7)
Fraction: Inherit: Inheri

Intermediate results: fixdt(0,8,9)

Output: fixdt(0,8,9)

I

Internal rule priority:
[ Require all inputs to have the same d
[ Lock data type settings against chang
Integer rounding mode: | Simplest

H

[ saturate on integer overflow

Q

Block Parameters: LUT
Lookup Table (n-D)

Perform n-dimensional interpolated table lookup including index searches. The table is a sampled representation of a
function in N variables. Breakpoint sets relate the input values to positions in the table. The first dimension corresponds

to the top (or left) input port.

Table and Breakpoints  Algorithm

Data Tvnes

Number of table dimensions: | 2 A=

Data specification: Table and breal
Table data: I@
Breakpoints specification: Even spacing

First point
Breakpoints 1: IE
Breakpoints 2: IC
Edit table and breakpoints...

* Need Fixed Point Designer

Number of feasible solutions found: 5
Memory used by best solution: 534 bytes

—Absolute Tolerance vs. Memory
Q Feasible
% Infeasible
[ ] Best
1,600
1,400 i
1,200 L
Nt
-~ 1,000
< O R
= = f
= 800 W
Z o 2 o
§ 00 4, %4
5 o:"q,
= 400+ \4‘:‘“
.
200 | Wi
o T T T T T .':'—|
000 o0 002 008 008 040 OM
Absolute Tolerance

Data Type

(Bytes)

Double 12048

Memory Usage

4\ MathWorks

Single 6024

16 bit Fixed 3012

Optimized 2224

LUTO 411

Feasibility of Solution: Feasible
AbsTol =0.0078125
RolTol » 0.0078125

«30?
LN

-]
w N Max Ervor Allowed - masista(Onginat * RelTol AbsTol
O 25080 € i Orgiral - Apgromeaton |
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Performance of automatic model generation code

Delphi HV motor control software Visteon powertrain control software
; il Code Size
Hand Code 928

Auto | No overflow/underflow check | 904
Code | Check OF/UF everywhere 1562
Check only where necessary | 934
*Based on Tasking Compiler for ST10

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

Throughput (uSec)

Task! Modwio Model — Hand Code Auto Code

Current Magnitude and Phase 1.42 131 Egll\\nn ?gg@v ?122
Process ’ :
ABC to dq0 Frame 0.76 0.52 3¢ SAE Technical Paper 2004-01-0269, March 2004
Transformation
Resolver Harmonic Learn 0.48 0.22 L =

It is possible to auto-generate C
Angle Position Determination 0.93 0.84
code comparable to hand code!
Torque Mode 4.82 472
dqO Rotating to Stationary = A poorly designed model will generate inefficient code
Frame Transformation 0:94 0.82 . L. . .

= Highly efficient code generation requires tool knowledge

Complete 100 uSec Task 65.37 63.83

and right modeling pattern and architecture.
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Tracability & Code generation report

~

Contents Code Interface Report for RGBledsControl

Summary

Table of Contents

Subsystem Report

Code Interface Report <= s _Entry-Point Functions

—

 Inports

Traceability Report

e Qutports

Static Code Metrics Report + Interface Parameters

« Data Stores
Code Replacements Report

Coder Assumptions Entry-Point Functions

Function: RGBledsControl_initialize

Generated Code

[-1 Main file Prototype void RGBledsControl_initialize(void)
ert_main.c Description Initialization entry point of generated code
Model files ™ Timing Must be called exactly once
RGBledsControl.c QABuments None
RGBledsControl.h Return value None

Header file RGBledsControl.h

RGBledsControl_private.h

RGBledsControl_types.h ) Function: RGBledsControl_step

[-1 Data files Prototype

RGBledsControl_da [-1 Model files

RGBledsControl.c

RGBledsControl.h

[ Wl m 1 | L A 1

void RGBledsControl_step(void)

17 #include "RGBledsControl_private.h” /
18

19 /* Named constants for Chary:

26 #define RGBledsContr_IN_NO_ACY . -
1 71 Hdafine RGRIadclCantrn TN ShrwCirrantled (fuint® T

&\ MathWorks

In « Code interface report »
tab you can see the main
functions generated by
Embedded Coder:

> RGBIledsControl_Initialize:
contains code used during
program initialization.

» RGBledsControl__ Step:
core of the algorithm called at
each time step.

» RGBledsControl_Terminate
Code to be called when
program ends.

You can navigate into the
generated files.

Hyperlinks allow you to
navigate to corresponding
blocks in model
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Tracability & Code generation report

COutputLewve
o Level
Leds
® Change
Displ

Chart

Test Harmmess

Format
Rotate & Flip
Arrange

Mask
Library Link

Signals & Ports

Requirements
Linear Analysis
Design Verifier

Coverage

Model Advisor
Metrics Dashboard

Fixed-Point Tool...
Identify Modeling Clones
Model Transformer

C/C++ Code
HDL Code
PLC Code

Polyspace

Block Parameters (Subsystem)
Properties...

Help

v v v

douk :

I
LedsLevel

T 1

LedSet

boclean
boolaan -
Latch

boolean
ois |2 ()

boolean
SerialBits

bool -
= oolean n

boolean
Clock

ﬂ;!j Embedded Coder Quick Start

4 Code Generation Advisor

[z Build This Subsystem
Export Functions

Generate S-Function

Mavigate To C/C++ Code
Open Subsystem Report

Proj
Upd:

Samy

O«

kA

» Fi

/r

4\ MathWorks'

You can navigate from
model to code by right
clicking on a block and
selecting: « C/C++ Code >
Navigate To C/C++ Code ».

You are then re-directed on
the corresponding line in
code report.
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Tracability & Code generation report

Code Generation Report

€

Content

Summary

Subsystem Report

Code Interface Report
Traceability Report

Static Code Metrics Report
Code Replacements Report
Coder Assumptions

Code

> Main file
ert_main.c

~ Model files
TopModelCode.c
TopModelCode.h
TopModelCode_private.

TopModelCode_types.h

~ Shared files
const_params.c
rtwtypes.h

Find: [ |4 ¥ Matchcase

TopModelCode ¥

TopModelCode.c w Q Search

/* Model step function */

woid TepModeltode_step{wveid)
St

/* local block ifo variables */
1_T rtb_output;

T rtb_output_gc;
eal _T rtb_output_of;
_T rtb_Pulsea;

/* DiscretePulseGenerator: '<Root>/Pulser’ */
rtb_PulseA = ((TopModelCode_DW.clockTickCounter < 1) &&
(ToprodelCode_DW. clockTickCounter »= @));
] if {TopModelCode_DW.cleockTickCounter »>= 1) {
TopModelCode_DW.clockTickCounter = &;

] ¥ else {
TopModelCode_DW.clockTickCounter++;
H
/= End of Dis tePulsecenerator: ‘<Root>/Pulsea’ =/

C:\work\TopModelCode_ert_rtw\TopModelCode.c

TopModelCode || View Al |

TopModelCode »

ReferanceMocelCons
»|upper

Input output] *|l.'_i

RafarencahodeiCods
+ uppar

}>I1th sutput) ol

3copas  Puiseb scoped
lower Tozos lower
}+ ‘Countars, L Counters:
LI uz!
SImullnk Godar EinRedded Gooar
{0ualeS {dBUBTETlE
‘Cogyright 12 @ WAV, Inc.

>

FulseC
=1

Huen

o +lowsr

eferanceMonalCods
upper

cutput]

Counterc

scopad]

- O
Ln 13 Col 26
TopModelCode bl
~ Parameter Attributes §
ModelVersion 6.2 S
LastModifiedDate Thu Mar 10 11:29:46 2022 E
LibraryLinkDisplay none E
=3
ModelBrowserVisibility off =
Dirty on
Description File Packaging for Models
(Code and Data)
This model shows how to use
Model Reference to provide
system interface encapsulation
and incremental code
generation.
OK Help

* Need Simulink Report Generator

Include Webview* for
people who do not have
access to Simulink license

4\ MathWorks
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Customization

=
©

Code
Testing / Check

Optimization

Report

@\ MathWorks

145



ik

Customization

=
©

Code
Testing / Check

Optimization

L]

Code deployment

Report

4\ MathWorks
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@\ MathWorks

Custom Target, Hardware Support Package or Specialized toolbox

CHE g::c:,:ces & @ gﬁ;omm:?ty rt Simulink Support Package for Arduino Hardware by MathWorks
imulin ayou 2 -Ons elp I NEAUSstoUpRe i i
o Lyv ' [l Paraltel ~ W Hvlp [EL Learn MATLAB Simulink Team
SIMULINE ENVIRONMENT E% Get Add-Ons

Run models on Arduino boards
Wo @ Manage Add-Ons

MNa
E Package Toolbox

@ Package App #Eﬁuum "7--"-“’“"" @n % ‘ QUOICQMM 4\ MathWorks

ﬁ Get Hardware Support Packages ARDUIND

x lﬁ\ MICROCHIP  LENESAS Partner

Communication
Interfaces

| Comm Output —q :.
EEEEIET. Drivers Drivers -
-— Actuators
— = TXH
m Input Special
T T Drivers De-wce
= Drivers .__H._ —
B Special
Sensors ®_——- Interfaces
®_ ccP é.[
ASAP2
~ 4 P

Scheduler/Operating System
And Support Utilities

C2000 Microcontoller Blockset / STM32 Microcontroller Blockset / Raspberry Pi Blockset /
Hardware Support Packages
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https://www.mathworks.com/products/ti-c2000-microcontroller.html
https://www.mathworks.com/products/ti-c2000-microcontroller.html
https://www.mathworks.com/products/ti-c2000-microcontroller.html
https://www.mathworks.com/products/stm32-microcontroller.html
https://www.mathworks.com/products/stm32-microcontroller.html
https://www.mathworks.com/products/stm32-microcontroller.html
https://www.mathworks.com/products/raspberry-pi.html
https://www.mathworks.com/products/raspberry-pi.html
https://www.mathworks.com/hardware-support/home.html

4\ MathWorks

Custom Target, Hardware Support Package or Specialized toolbox

ES Simulink Library Browser

<« ‘Enter search term

— [m]

vRrErEr @ e @

Embedded Coder Support Package for STMi | STM32 P /STM32G4xx Based Boards
Data Acquisition Toolbox STM32 STM32
DDS Blockset

Cnts [ result [
> Deep Learning Toolbox /\/\
ADC1 COMP1
> DSP System Toolbox Analos 1o Diatal C. " c "
> DSP System Toolbox HDL Support nalog fo Digital ~onverter ompara TON:
> Embedded Coder STMgﬁ b T2
Embedded Coder Support Package for Jtheta CORDIC Pin(s) b
> Embedded Coder Support Package for cos p Port: GPIOA
V' Embedded Coder Support Package for CORDIC co-processor Digital Port Read
STM32F3xx Based Boards STM32 STM32
STM32F4-Discovery
Pil dI
STM32F4xx Based Boards b '"(S)J |_| L  ERVAVAY
STM32F746G-Discovery Port: GRIOA DACL

STM32F769I-Discovery
STM32F7xx Based Boards
STM32G4xx Based Boards
STM32H7xx Based Boards (Dual-co
STM32H7xx Based Boards (Single-c
STM32L475VG-Discovery (B-L475E
STM32L4xx Based Boards
STM32L5xx Based Boards
STM32U5xx Based Boards
STM32WBxx Based Boards
Utilities
Fixed-Point Designer
I

Digital Port Write Digital to Analog Converter

STM32G4xx Based STH3 b
FDCAN
Count [ Read Length [
"TIUM,“ FDCAN1T  Idp
Encoder FDCAN Read
Data STM32 [STM32G40« Based
FDCAN i
JLength Write 0 Event [y
Ad Fpcant EXTIO_IRQHandler
FDCAN Write Hardware Interrupt
STM32 STM32
Data [»
e Convate g
0l ler
TiaEoa ; oS P

Drag & drop Peripheral Blocks

3 untitled * - Simulink

SIMULATION

o 1 Open - ﬁa X " 5 Stop Time _10.0 @ hb m> m
New &S ¥ Library signal T ||(Normal ) Sep  Run Step Data -
- & Pint - Browser Table W Fast Restart Back =~ Foward Inspector
FILE IBRARY PREPARE SIMULATE REVIEW RESUL
untitied =
§ ® |[Fafuntitied -
E To create a connection, click a port, terminator, or line segment, and then click a compatible, highlighted model element. More information. Do %

«Q
[+]

vy ®E

* not show again

Pulse
Generator

>

STM32

Pin(s)

Port: GPIOA

Block Parameters: Digital Port Write X
Digital Port Write

Write logical status of pins of a GPIO port.

Parameters

Port name GPIOA v

Pin number [0]

@ Access port pins as array

(] Enable simulation port

Cancel

Configure Peripheral Blocks

Help Apply
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4\ MathWorks

P I L (PrOCeSSOr | N the Ioop) Plant model with test signals
Test
Vectors
Simulink Embedded = Generated  Cross _ _
= . » Object File
Model Coder Code Compiler
Desktop Simulation Object Code Execution
(on PC) (on target MCU)
C Code on target MCU
l Compare l » Verify numerical equivalence
MIL Sl » Profile target execution time
Results Results » Collect on target code coverage

» Must for code replacement library

Section Maximum Average M
Execution Execution
Time in ns Time in ns

[+] Current initialize 2260

Current_step [52-05 0] 3135

Current terminate 340
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4\ MathWorks
Monitor and Tune (Also called External Mode)

SIMULATION DEBUG MODELING FORMAT HARDWARE

Hardware Board @

3 = | &

Hardware v || Stop Time |inf Data Logic Perf;:)_rma... i ;
STM32F4xx Based > - Build, Deploy
[ = ] Settings P‘-‘10n tor pector  Analyzer Report Beiar
REVIEW RESULTS DEPLOY

HARDWARE BOARD PREPARE RUN ON HA & TU ne -

Data Exchange L .

S
: : over Model running on hardware
Simulink Model oael ru g on ha
L XCP over Serial or CAN with additional code
(Monitoring only) or TCP/IP
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How to deal with multi-processor board?

MEMCPU1 MEMCPU2
CPU1T.M0 RAM 1Kx16
C28 CPU-1 CPU1.M1 RAM 1Kx16
FPU
veu-i
T™U CPU2Z.M1 RAM 1Kx16
Interprocessor
Communication
(IPC)
Module
WD Timer
NMI-WDT Global Shared
16x 4Kx16
CPU Timer 0 GS0-GS15 RAMS
CPU Timer 1
CPU Timer 2 <
CPU1 to CPU2
ePIE 1Kx16 MSG RAM
(w to 1’2 B
interrupts) CPU2 to CPU1
1Kx16 MSG RAM

i I
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Embedded Coder workflow and configuration

« Pattern: « Expert Mode »
= Simulation: not easy

= When generating code for multiple

processor
— One processor = one model

MEMCPU1

C28 CPU-1
FPU

vCu-i
T™MU

WD Timer
NMIWDT

_ I mrmis v sl
I Hardware Implemantation
Model Referencing

I » Device details

Simulation Target
» Code Generation

Feature set for selected hardware boa

CPU1.M0 RAM 1Kx16

CPU1L.M1 RAM 1Kx16

CPU2.M0 RAM 1Kx16

CPU2.M1 RAM 1Kx16

Interprocessor
Communication
(IPC)
Module

Global Shared
16x 4Kx16

@\ MathWorks

MEMCPU2

C28 CPU-2

FPU
VCU-I
T™MU

WD Timer
NMI-WDT

I mrmis e _ &

0-GS I Hardware Implementation

I ¥ Device details

Maodel Referencing
—_— Simulation Target
PU1 t *» Code Generation

Coverage (O Simulink or Embedded Coder Harx16 M Coverage

» HDL Code Generation
Simscape
» Simscape Multibedy

®SoC Blockset

Hardware board settings

e | - HOL Code Generation

— Simscape
PU2 ¢t | » Simscape Multibody

Processing Unit: (None X‘G M
. i None
» Design mappin C28xCPUA -
PUTCLA

» Task profiling in

c28xCPU2

CPU2CLA1

Feature set for selected hardware boar

(O Simulink or Embedded Coder Har

(® SoC Blockset

Hardware board seattings

Processing Unit: [None
» Design mappin

» Task profiling irJ

c28xCPU1

c28xCPU2

CPU2CLA1
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Embedded Coder workflow and configuration

Pattern: « Expert Mode »

= Simulation: not easy
= When generating code for multiple

processor
— One processor = one model

— Each models have
= |ts own hardware configuration

= Modeling pattern to achieve processor
interaction

— 1
=, [ F2803x05d06x
Bl
CLATaskTrigger
111111
1
I sssss > Cla_out
mmmmmmmmm
ssssssssssss
@
Copyright 2013-2021 The MathWorl
»
Code Mappings - C |
Data Defaults Function Defaults Functions Inports QOutports Parameters Data Stores Signals/States
15 =
w Signals (1)
= input
v States (1)
@ Delay

4@\ MathWorks
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Embedded Coder workflow and configuration

« Pattern: « Expert Mode »
= Simulation: not easy

@ |[Palc2838xd_ipc_cpuz v
W h t. d f I t. I « Data Receive from CPU1 and Transmit to Cortex M
: en generating code for multiple :
=3 C28x
=] Pram
(= IPG Transmit
rocessor z
it
— L
— One processor = one model : : —
SIMULATION DEBUG MODELING e Haroware ApPS S @ o
Hardware Board # | q
Each models have 3o | g | e o
HARDWARE BOARD MODE -5} part M M
It h d f- t- ©® e c2838xdl_ipc_cpul Ready I 100% FixedStepDiscrete \ v
= S Own a r Wa re CO n Ig u ra IO n @ Data transmit from CPUgfto CPU2 and Data Receive from Cortex M Cortex M receives data sent from 2 and send it back to CPU1
= Modeling pattern to achieve processor . ——n =
= F,_Zi::i""'w PG Transmit PC Tranamitd Emus(::c;i;m
interaction D N —]
Tranamit T | | 1P T
=l o P B e
7 | e PR
Fow sz RO curen o rcone
Ca8x c: PG Transmit2 talpyz o
e pe O — | = TRC RoooeZ
o s S g E )
1 . == Ca=g T e N
— Each models need to be a igne wit e =
= opyrigh! 0-2026 T1 1athWor s IPC Received
LE}
»
Ot h e rS Ready 100% FixedStepDiscrete. 100% FixedStepDiscrete
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Embedded Coder workflow and configuration

Pattern: « Simplified Mode »

=  Simulation: easy & designed for
= When generating code for multiple

processor
— One processor = one model
— One global model for the multi-

MEMCPU1

CPU1.MO0 RAM 1Kx16

MEMCPU.

2

C28 CPU-1

CPU1.M1 RAM 1Kx16

CPU2.MO0 RAM 1Kx16

CPU2.M1 RAM 1Kx16

Interprocessor
Communication
(IPC)
Module

C28 CPU-2

ePIE
(up to 192

interrupts)

processor architecture

Modeling patterns to achieve processor
interaction

Task Manager 1

soc_pmsm_cpui_ref
D1

A

A

j: |None

None
M c28xCPUA
) ' .'n

U1

IPC Channel
IPC

» da%n\/__J‘__’I \/_ﬂhiaout

\a’l_\‘bin c28xCPU2 iIClosed
CPU2CLAY
Speed Control

Speed Control

CPU2

4@\ MathWorks

CPU2

ADCIntEvent =

ADCIntEvent g:k .
)

Task Manager 2

ADClnt —‘

aap ="V | 5 = Whpn o

soc_pmsm_cpu2_ref
In1
N duty1 1
- |Mone
PC duty1
ni
VI_IP c28xCPUT s
CPU1CLA1 a2
(1D apcin]  c28xCPU2
P | &
ADC1 duty3
(2 J=3fanc2 duys
ADC2 :

Current Control

Current Control
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Embedded Coder workflow and configuration

» Pattern: « Simplified Mode »
= Simulation: easy & designed for

= When generating code for multiple

processor
— One processor = one model

— One global model for the multi-
processor architecture

Modeling patterns to achieve processor
interaction

To create the global hardware
configuration

%

Hardware
Mapping

4\ Hardware Mapping *

4@\ MathWorks

MAPPINGS

v

Apply
Changes
MODEL REPORT
f‘l:::;: g Browser Task Event
28xCPU1 SpeedlLoop Internal
+ Peripherals ADClnterrupt | ADCB1_ist| | ~
= ADC Read Internal
soc_pmsm_singlecpu_refiCurrent ControllADC Readi Unspecified
soc_pmsm_singlecpu_ref/Current ControllADC Read2 ADCAT_jsr
- PWM Write ADCAZ_isr
soc_pmsm_singlecpu_ref/Current Control/PWM Write ADCA3_isr
soc_pmsm_singlecpu_ref/Current Control/P\VWM Write1 ADCAL isr
soc_pmsm_singlecpu_refiCurrent Control/PYWM Write2 ADCB1_isr
ADCB2_isr
ADCB3_isr
ADCB4_isr

Mapping Browser Module:

~ Tasks
c28xCPU1
~ Peripherals
~ ADC Read

s0c_pmsm_singlecpu_reffCurrent Control/ADC Read1

soc_pmsm_singlecpu_reffCurrent Control/ADC Read2
~ PWM Write

soc_pmsm_singlecpu_ref/Current Control/PWM Write

soc_pmsm_singlecpu_ref/Current Control/PWM Write1

soc_pmsm_singlecpu_reffCurrent Control/PWM Write2

Start of conversion:

Resolution:

Conversion channel:

50Cx acquisition window (cycles):
S0OCx trigger source:

ADCINT will trigger SOCx:
Enable interrupt at EQC
Interrupt Selection:

Interrupt continuous mode

(e

)

[soco

)

|:12—bit (Single-ended input) ¥ |

(ADciN2 v |
13 |
[ePwm1 ADCSOCA v |
[No ADCINT v |
(ADCINT1 v |
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Workshop Example

« FOC sensorless Motor control on Tl Launchpad F28379D

— Existing Single processor algorithm running with PWM at 20 Khz
— Need to achieve 40 Khz

= Is single processor possible ?

= How to transform our algorithm
to multi-processor if required?

openExample('shared mcb soc c2b/PartitionMotorControlForMultiprocessorMCUsExample')
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. Fi
Single processor mod

Ié:lIOriented Control In Single CPU

<\ MathWorks

ADC Channel Controller PWM Channel
! N
soc_pmsm_singlecpu_ref
SpeedlLoopfF-—--- - - DA [0.00025]
] =tart pvant e e e :t:, ADC'I’I[EI’I"IJFI-'
diCycle -
DCinterrupt - - -~ N1 P A = msg
#|analog digital dwant
ADC Interface Taszk Managgr PWM Interface
difycle |-
» ADCH PWMZ = msg
dwant
3 ctart avent :_‘.a PWM Interface1
difycle |-
| analog digital » ADC2 P2 A msg
#vent [ ]
ADC Interface -, "'.‘? ] PWM Interface?
Control Algorithm
Plant

r and Motor
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4\ MathWorks

Task Partition and Management with Task Manager Block

M Task1
Running
Preempted
. . . . Waiting
0.05 0.10 015 0.20 025 0.30 035 0.40 0.45
- Model task execution timing impact -
as
Running
Preempted
. Waiting _
Block ParamEters;JTaSk Manager < 0.05 0.10 015 0.20 025 0.30 035 0.40 0.45
LI DL L3 U1 I SV 11U G DA U I LR VIS, WS LU UL S UL S A e VI
dialog, input port, or summary statistics from a recorded file, and the task start times are " W Core: 0
determined by settings in the Main tab. 2 : — —
[ 1 Task2 K }I Task2 [ 1. | 1 Task2 j j Task2 K L. x ] Tash
Enable task simulation Periodic or 0
asvnchronous 0.05 0.10 0.15 0.20 025 0.30 035 0.40 0.45
Task simulation y ——
Taskl properties Running
Task1 [ Task1 — Preempted
Task2 Main  Simulation Waiting
0.05 0.10 015 0.20 025 0.30 035 0.40 0.45
Task3 Name: |Task1
Core: 1
. [Timer_dri . 1
Type: Timer-driven Task3 | Task3
Period: |0.1 | 0
. 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Mlgtlp|e TaslésP(L)Jan dd —— Core: [0 - |
un ona
[_] Drop tasks that overrun Task simulation
dataReadTask ‘ dataReadTask properties
Tasks Run on p Main  Simulation
Assigned Core _| Play recorded task execution sequence
Model Tasks duration lspecify task duration via: [Dialog
L ation setflngs Input port
I tion tim¢Recorded task execution statistics
v &le norma [IoNS.
< > Add Percent Mean SD Min Max
Cancel Help Apply 1 100 0.0095 0.0001  0.00925 0.00975
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Comparison Simulation vs Hardware

Speed_fb (Simulation) W Speed_fb (Hardware) W Speed_ref

0.5 -

0.7 -

0.5 -

0.5

D."" 1 1 1 1 1 1 1 1 1
25 0.20 0.25 0.40 0.45 0.50 0.55 0.50 0.55
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How to do profiling?

= External mode required -

& Configuration Parameters: soc_pmsm_singlecpu_foc/Configuration (Active) — O X

= Activate Task profiling in a
Configuration Parameter Solver Hardware board: [Tl Delfino F28379D LaunchPad =

Data | rt/Export :
a'a impartixpo Code Generation system target file: ert.tlc
Math and Data Typas
» Diagnostics Device vendor: Texas Instruments = | Device type: C2000 -
Hardware Implementation

Model Referencing

* Device details

Simulation Target
imutation arge Hardware board settings
» Code Generation

Coverage Processing Unit: None T
Simscape

* Simscape Multibody

¥ Task profiling in simulation

Show in SDI
Save to file [ | Overwrite file

» Simulation settings

Documentation page with details and example 162


https://www.mathworks.com/help/soc/ug/determining-and-using-task-timing-information.html

4\ MathWorks

How to do profiling?

Section Maximum Average Maximum Self Average Self Calls
Execution Time Execution Time Time in ns Time in ns
in ns in ns
n 2 WayS tO IOOk the resu Its . soc_pmsm_singlecpu_foc_sw c28xCPU1 initialize 2034340 2034340 2034340 2034340 1 4 [

soc_pmsm_singlecpu foc sw c28xCPU1_step 18670 13184 18670 13184 28 4 [A

— Profiling report generated [0.00050)
. \ ADClnterrupt 32580 | 27713 I 32580 27713 271 4 A
— Task signals in SDI

W ADClinterrupt

W Speedloo
Running - i

+ Run 32: soc_pmsm_singlecpu_foc_sw_c28xCPU1

Core: 0

I
o SpeedLoop —

Speedloop_drop

ADClInterrupt

ADCInterrupt_drop — = Preempted -
v 1ab_m 2)
Speed_fb
Speed_ref ————
EnClosedLoop —
— [ Waii
Waiting { I E— L[ Waiting | Waiting ] aiting
. ul)mao_ 001401 | % - 95 % %
0.00124 n.001240K 0. | 0.00142 0.0014 = =
— g g z = g B g

163



&\ MathWorks

Workshop Example

« FOC sensorless Motor control on Tl Launchpad F28379D
— Existing Single processor algorithm running with PWM at 20 Khz

— Need to achieve 40 Khz

= Is single processor possible ?

— NO: asynchronous task take already 27 us which is higher than 25 ps (40
kHZz)

« How to transform our algorithm to multi-processor if required?
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CPU1.MO RAM 1Kx16

Field-oriented control architecture |™ | k=== | ™=

Module

et WO Timer
Global Shared N-WOT
S 16x 4Kx16 -

-
CPU1 to CPU2
1Kx16 MSG RAM ePIE
- (upto 192
CPUZ to CPUI interrupts)

1Kx16 MSG RAM
113

Speed control Current control Physical sys
Power supply
¥
Lyye V. V
) d M
Wyef T,.;| Current ! Pl Contr. 1 > d,q / a
Speed / SVPWM | duty _
& Controller [ | Reference Iq ref V. s | tor [des® Three-Phase
Generator ahi Ve Pl Contr. 2 —1— a,B ks .| Inverter
w
" ' Iy b 1
< W % 180
]
Park, Clarke Transforms
0, /*
Speed feedback Speed |, | d:::::rrsl e
Calculation otor
Observers
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F2837D Architecture

MEMCPU1 MEMCPU2

Design for F28379D multi-processor e e Ml

CPU2.M1 RAM 1Kx16

Interprocessor
Communication

= F28379D Architecture: -
2xCPU + |[PC module Gyt eyt
= Distribute current control i

and speed control

CPU1 C U1 IPC Channel IPC CPU2 [ PU2

FluxObserver ADCIntEvent
@ (3 ) »{ADCIntEvent @ ADCInt
SpeedLoop L) L)

Task Manager 1 Task Manager 2

A

soc_pmsm_cpul_ref
—
| D1[5.08-5] _l Ua%n\/_ ]‘_l \/—ﬂ-Eliaout

) D2[0.0005] soc_pmsm_cpu2_ref

y

In1

duty1

duty1

| IPC

T Vi fb Ig_Pos_EnClosed VI IPC duty2

—21ADC1

ADC1 duty3 3
—3|ADC2

H

o= 1| 5 [ = Whhanfe

a

Speed Control

duty3

ADC2
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Comparison Single vs Multi processor

W Speed_fb (Single core) W Speed_fb W Speed_ref
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0.572

0570

0.568
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Dual External mode and Profiling

= Live task execution information from device to Simulink

|4 50C Builder — X
Prepare = Vali > Build = Run External FTDI

External Mode Connectivity

About Your Selection
Select communication interface
for external mode simulation for

‘Review and edit external mode connection information:’

c2&xCPU1 connection details selected CPU.
Communication interface: | serial(using xcp) v Update connection details based
on communication interface
Serial port: COMA selected.
What to Consider
Baudrate: 12e6 For instructions on setting up your
R connection, refer to the Setup and
Verbose: Inztall documentation of your
Supported Hardware.
c28xCPU2 connection details
Communication interface: | serial{using xcp) ~
Serial port: COomMe -
Baudrate: 12e6
Verbose:
b5 "
F28379D launch pad
< Back Cancel Next =
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https://insidelabs-git.mathworks.com/SLRT_DTST/Demos/BMS_HIL_Demo

Profiling results

CPU1

Section Maximum Average Maximum Self Average Self Calls
Execution Time Execution Time Time in ns Time in ns
in ns in ns
soc_pmsm_dualepu_foc_sw_c28xCPUI_initialize 25350 25350 23350 23350 1 4 [
soc_pmsm_dualcpu_foc sw_c28xCPU1 stepl 23070 22230 23070 22230 290 4 [
[5e-05 0]
soc_pmsm_dualepu_foc_sw_c28xCPUI_stepl 19120 14813 19120 14813 29 4 [
[0.0005 0
Section Maximum Average Maximum Self Average Self Calls
Execution Time Execution Time Time in ns Time in ns
in ns in ns
soc_pmsm_dualepu_inv_foc_sw_c28xCPUI_imtialize 2065220 2065220 2065220 2065220 1 4 [
soc_pmsm_dualepu_inv_foc_sw_c28xCPUI1_step 1720 7720 7720 7720 1 4 [
[0.2 0]
ADCInt 35400 20886 33400 29886 378 4 [

4\ MathWorks
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Switch from 20 kHz to 40 kHz

« As 23 us is less than 25 ys (40 kHz) we can increase CPU1 frequency

CPU1 CPU1 IPC Chanrel DG CPU2 CPU2
FluxObserver [g= ADClIntEvent =
ADCIntEvent . ADCInt
SpeedLoop S S
Task Manager 1 Task Manager 2
soc_pmsm_cpul_ref
> da%n«__ ‘_’| \/_ﬁ'aiaout
qﬂg Bl[ﬁ'ﬁﬁéfﬁ]s I ha 4 soc_pmsm_cpu2_ref )
; P In1
duty1
. : | duty1
VI_fb lq_Pos_EnClosed duty2
duty?
daq[gm:\' “_—,l __\Id}atain <
wNich duty3
Speed Control duty3

Speed Control Current Control

Current Control
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Comparison simulation Dual processor 20 kHz vs 40 kHz

= As expected, the response time seems improved

W Speed_fb (20 kHz) W Speed_fb (40 k Hz) W Speed_ref

II --\-\-\‘\-\-1-'-
0.7 - S

0.5 -

0.20 0.25 0.40 0.45 0.50 0.55
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Comparison Hardware Dual processor 20 kHz vs 40 kHz

= ltis confirmed on hardware & no overrun occurred

B Speed fb (Hardware 20 kHz) W Speed_ref W Speed fb (Hardware 40 kHz)

wd
-
¥
¥
a

A S A ,
,a"f. !

I} |
o
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0.5 -

| .I_-'
0.5 4

0.20 0.35 0.40 0.45 0.50 0.55
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My final thought

= « Expert Mode » - Simulink enables Model-Based
+ Used for many years now design workflow for Multi
+ Faster Processor board with :
+ Freer, less guided — FPGA & CPU
— More possibility of error — ARM & not ARM CPU
— No Simulation — Control Law Accelerator

« « Simplified Mode »

+ Enable Simulation = Depending on the board it is
+ Less possibility of error possible to do

+ Very guided — Bare-metal

— Slower — OS based

Which boards do you want to target?

C2000 Microcontoller Blockset / STM32 Microcontroller Blockset / Raspberry Pi Blockset /
Hardware Support Packages / Contact us!
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https://www.mathworks.com/products/ti-c2000-microcontroller.html
https://www.mathworks.com/products/ti-c2000-microcontroller.html
https://www.mathworks.com/products/ti-c2000-microcontroller.html
https://www.mathworks.com/products/stm32-microcontroller.html
https://www.mathworks.com/products/stm32-microcontroller.html
https://www.mathworks.com/products/stm32-microcontroller.html
https://www.mathworks.com/products/raspberry-pi.html
https://www.mathworks.com/products/raspberry-pi.html
https://www.mathworks.com/hardware-support/home.html

Thank you
Q&A
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