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MATLAB EX

SECURE CONNECTIONS FOR A SMARTER WORLD

OUR DIGITALLY ENHANCED WORLD IS EVOLVING TO ANTICIPATE AND AUTOMATE

h
P

NXP Semiconductors N.V. (NASDAQ: NXPI) enables a smarter, safer and more sustainable world through
innovation. As the world leader in secure connectivity solutions for embedded applications, NXP is pushing
boundaries in the automotive, industrial & 10T, mobile, and communication infrastructure markets.
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AUTOMOTIVE MARKET POSITIONS

Technology
Leadership

#1 Auto Processors

#1 Auto Application Processors
#1 Auto RF

#1 Auto DSPs

#1 Vehicle Network Processors
#2 Auto Analog

#2 Auto Microcontrollers

+

L |

Applications
Leadership

#1 Car Infotainment

#1 Digital Radio

#1 Secure Car Access”
#1 In-Vehicle Networking*
#1 Radar*

#2 Powertrain




NXP Automotive platforms:
S32K1 & S32K3
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S32K - SCALABLE MCU FAMILY FOR GENERAL PURPOSE

S32K3

(Development)

1

S32K1

(Production)

Product highlights:

MATLAE

FUNCTIONAL Arm® CORTEX®
SAFETY CORE

K34 (LS* core)

K35
(1LS*+1)

K32 (dual-core)

K31 (single-core)

I I
K14**

K11

128KB 256KB 512KB 1MB 2MB 4MB

AN NN N NN

Platform scalability and compatibility “F&=# EIEF GRS T

Scalable performance o] FRiERE
Functional safety IheeLE
Advanced communication interface  ZoitgiETEL
Market-leading cyber security Mz ERRE
Over the air update ready Tk BT TE

Complete SW and tools eco-system  s=aefindf T EASZE %

8MB

*LS = lock step
*AEC-Q100 Grade 0 device K142W and
K144W



S32K - BROAD RANGE OF TARGET APPLICATIONS

MATLAB

Body and Comfort

Central
Computing

e

Motor Control

T
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eCompressor

Traction Inverter

ga

Blowers / Fans

Trunk Opener

Pumps & eTurbo

Lighting

Window Lift
*"i (= =
Switch Panels b 4 I L
S Acoustic
Wheel @ po

Gear Shift

Door Handle

10 Controller

Occupancy

Exhaust Sensor Detection

Rain Light Sensor

BMS

DC-DC

EV Charging




S32K MOTOR CONTROL LINE-UP

S32K vs MC Techniqgues Line Up

Embedded Modeling

IATVERR (K2,
BRAZUZIR (BERAHD) (Virtual machine)

. High Speed
®. B
High Dynamic

o
ol

7~HE7KHE FOC 6ph PMSM FOC

b

FrorZBEEEH ¢,>§ Switch Reluctance
X
N

) 3ph PMSM FOC

=HRXHEOC Toliken Sensorless

3ph PMSM FOC

— A% FLF 47O BE TR
=HEKEL Qpﬁﬁ%g BEsE Encoder / Resolver

LDC 6-step

=1E7e 7325 93% Sensorless

S32K14

3ph BLDC 6-step
=+BFR! 752 Hall HALL

Control Techniques / Market Trend

S32K11x

WEEEHL /AR Dual DC motor servo

E7T S, XA DC & Stepper motor

Bi-Direction

AN

Application Complexity

S32K vs Typical MC Applications Line Up

FE R4t

eCompressor

Engine Cooling

2N eTurbo / eBooster

FiREe. BN

F5|9K50. FBalZE. BiBRE

Traction Drive (P1/P2)
eBikes / Scooters

o]

X
g Belt Starter generator
Eﬁ’“’“iﬁ & Crankshaft Motor Generator
<= n Transmission actuators

5 —
A N Engine Cooling
'a: A ZIIEE
< f' o =R HVAC Blower
g L. KR Pumps
i BN Window Lift (3ph PMSM)
EREL e s Sunroof (3ph PMSM)
X R (=450 7K9) Trunk opener (Dual DC motor)
— -

%ﬁ 5. EEAL. e Window Lift (DC motor)
$ A (B75. i) Seat Control (DC motor)

Mirror Control (Stepper motor)

MCU Performance (Computation performance, Motor control peripherals features)

MATLA

Arm® Cortex®-M7
Arm® Cortex®-M4F
Arm® Cortex®-M0+

Power range Power

Low power 12V, ~10A

Mid power 12V, ~70A

High power REXIVAERIVL

High
Voltage > 200V



MOTOR CONTROL ECOSYSTEM CONCEPT S32K AT
Automotive Math and Motor Control Application Tuning Tool
Motor Control Library Set MCAT Motor
P iled software lib tai ry ( ! Control
recompiled software library containing Tune your drive:
building blocks for a wide range of motor . . Reference
control applications - Graphical User Interface, plugin to SW
Co FreeMaster
Easy migration between
platforms with minimized effort 1 ; -+ interfacing with the target MCU, PMSM / BLDC
Production ready SW (SPICE Level 3, o g modify software variables during
CMMI and ISO9001/TS16949) jffﬂﬁ'fji et e runtime to tune your motor control Reference SW:

algorithms to achieve control

Control loop modeling with - Sensorless /

Matlab/Simulink® models

— [l : objectives (i.e. Pl parameters) arm
sensor based

Model Based Design Toolbox (MBDT) FreeMASTER (Lite)
MATLAB Simulink integrated tool chain for configuring and Debugger for Real-time Applications:
generating software, and it can be used to execute motor - Graphical User Interface

control algorithms on NXP MCUs:
« Includes AMMCLIb Library set

+ plug in to MATLAB™/Simulink™
model-based design environment

- optimized for fast execution on our MCUs
with bit-accurate results compared to Simulink® simulation

- View & Modify variables run-time
- Real-time Monitor Tool

- Track & trace your variables

- Demonstration Platform

- Design your own dashboard

D Real Time Drivers
- Peripheral Driver including: High Level Interface AUTOSAR 4.4 & Low Level Interface
+ 1S026262 Compliance for all SW layers

- 12V, 24V or 48V solutions Motor Control Devkit
- 3phase or 6 phase Sensorless /sensor based
- Different power levels 6A, 25A, 2x80A




Model-Based Design
Toolbox (MBDT):
Overview
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MATLAB

MODEL BASED DESIGN TOOLBOX

NXP Model-Based Design Toolbox ( ) is a comprehensive collection of tools that plug
into the MATLAB™ and Simulink™ model-based design environment to support fast

prototyping and verification.

NXP EFiEEANgIt TEE (MBDT) 2— 1 2HNITE

ETERRIRITIME LS I F R RENIR T AIEIE,

MCU configuration

Code generation

Deployment on NXP MCUs directly from °

Simulink™

Software-in-the-Loop (SIL) and
Processor-in-the-Loop (PIL)

Automotive Math and Motor Control
Library

FreeMASTER for fine tuning and data
visualization

Online Community Support

L4, A MATLAB™ #1 simulink™ %P Controller Model Output
ADC B2
_‘J\: Jes -‘}
== _Conf/{al?siom—) _t|(l tl( {I( r
MCUECE ] ] ]
AEES7

EIEM Simulink™ #BZE] NXP MCU
BHFEER (SIL) FIRLIRESTERR (PIL)
IREREF BRI HIE
FreeMASTER FIF{iEfNuEaT 4L

X ‘\ MATLAB
Electric
Motor
v" Reduce development & prototyping time g/bFF&FNEREIVERE]
v Faster Time to Market @Ry T E
v' Easy to use & reuse 2T ERINESFER
v

Hardware independent simulation ST

11
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https://community.nxp.com/t5/Model-Based-Design-Toolbox-MBDT/bd-p/mbdt

MODEL BASED DESIGN TOOLBOX MATLAB EXF

Q Sea

Solver
Data Import/Export
Math and Data Types

Hardware board: |NXP S32K3xx =

Code Generation system target file: ertic

» Diagnostics Device vendor: ARM Compatible ~ | Device type: ARM Cortex =
« MBDT fromS32K1 to S32K3: Workflow and framework updates S - oottt
= Model Referencing
Simulation Target Hardware board settings
» Code Generation
. t | f. t. t | Coverage  Target hardware resources
USIﬂg exiernal contiguration tools s
: B —
Clocking Configuration TDDl Borsos 1]
Hardware EB Tresos
H H Initialization  EB Tres0s To0ls 1067555 Config Tool .Erowse |

ode generation based on Suppo rivers s RTD oton, S R e
Download Note: Update EB Tresos and S32 Configuration Tools settings if changing default RTD location
Tools Paths

Export generated projects: |Browse location... [ Export |

MBDTMS32K1ZS32K3: T{ERFIESEEH

External mode

ADC*
CAN*
CANIF*
DIO*
¥ GPT*
MCL*
MCu* ) ) <
FUATERT Block Parameters: DIO_WriteChannel
nonT $32k3_dio (mask) (link)
This block implements the Dio component functionality (=D
Model-Based Design Toolb T ackagn  100LGE Model-Based Design Toolb
odel-Based Design Toolbox ey odel-Based Design Toolbox
f S32K1 4 3 0 xT) w 3 E!lémala MHz for s32K3 1 3 0 General  Configuration Parameters
r: GCC . . - :
or XX . Target Type ?MSH XX T CommonPublishedInformation/ArReleaseMajorVersion - 4 ()
Downioad Code after build e CommonPublishedInformation/ArReleaseMinorVersion - 4
nulink Library Browser — ] x ‘ s(‘o""?g(nﬁ‘i EVE‘P!:’.JZK":; 58] £8 tresos 27.1.0 - workspace: G t s32k3_s 2K3\src\532K3 | - install: C:AEB\tresos CommonPublishedInformation/ArReleaseRevisionVersion - 0 - [m} X
- M . . - o File Edit Search Project Window Help CommonPublishedInformation/Moduleld - 120
SumerEtion ‘ 1 e R v ieg R e |8 S CommonPublishedInformation/SwMajorVersion - 2 El- = |
B - P R PO [ -5 I " " : " :
NXP Model-Based Design Toolbox for $32K1x MCUs/S32K1xx Core, System, Peripherals and Utilities/GPIO Blocks EommonPubI!shedInformat!on/SlenorVers_lon -0 v
[ Project Explorer 51 E% ¥ = 0 |@ D)% < >
~ NXP Model-Based Design Toolbox for 532K1xx MCUs A v » 8 1124300 s Tesasbraiect o)
J— J— v 8 53231 _dio_TresosProje . drohi b o
:\UTOS,‘ARD Ar._»phcanon Layer e \ e ’ L v @ someld (CORTEXM, $32€3X00 Dio Elektrobit |— —-— e e - -
xternal Devices input in: unction Configure.. Refresh
Pl Rosiiot Salact Nono Interrupt Configuration: when logic 0 » @ Ade V100, ASA40) g
> $32K11x Automative Math and Motor Contral 'mrg Enable: off et riorly: 18 0" MBD_S32K14x_Config_lnformation > @ Base (V1.0.0, AS4.4.0) Name = [Dio I -— e e e e e .
» 532K14x Automotive Math and Motor Control > @ Can (V1.0.0, AS4.4.0)
¥ $32K1xx Core, System, Peripherals and Utilities Digital_Input Digital_Input ISR > @ Canff (V1.00, AS4.40) General . DioPort| DioEcucPartitionRe | Published Information
> Communication Blocks ~ @ Dio (V1.0.0, AS44.0) oK Cancel Help Apply
> Core and System Blocks ot 15 convos INME cowne INME @? 2‘;“” 00, A58
cuC (V1.0.0, A4
GPIO Blocks P Houput fop— : B Ecoll V100, AS440) Post Build Variant Used [y
Interrupt Configuration: request disabled Drive sirength: Low o T
> Motor Contral Blocks pt Conig quest ok ! o » 8 Gpt (V1.00, ASAAD) PR
Utility Blocks > @ leu (V1.0.0, AS440) o [VariarePreCompite xl e~
; Digital_Input_ISR_Enable_Disable Digital_Output
$32K1xx Example Projects B Mcl (V1.00, AS44.0) ~ DicConfig
v NXP Madel-Based Design Toalbox for S32K3xx MCUs 2 Meu (V1.0., AS4.4.0) No description available
> $32K3xx AMMCLIB > @ 0 (V100.A5440) Mame (| DioConfig |
$32K3xx Core, System, Peripherals and Utilities Block Parameters: Digital_Input * : % g::?&;”o(‘;wfgfg?'m
oS3 E"‘““"T Projects gplo_s32k_input (mask) 5 @ Pwm (V1.0.0, AS4.40) e
» $32K3xx External Devices -
) Select a General Purpose Input Pin as a Source. > @i Resource (V1.0 AS440)
simulink > @ Spi (V1.00, AS44.0) Neme (@ | DioGeneral
> Aerospace Blockset Parameters > 4 SysDal (V21.3.0, AS44.0)
> Audio Toolbox > @ Uart (V1.00, AS44.0) v
Automated Driving Toolbox Input Pin PTAO: [PTAO | Port A 1/0] . > & config Default
Automotive Math and Mator Control Library for xP S3 || | puy pesistor Select ? & opsemmed
N ull Resistor lone . Emorlog 5 [11 Pro ® v =0 Properties 32 =8
> AUTOSAR Blockset L@ 1"" 2 o iterad ovt el 8he I Properc: o
Communications Toolbox Passive Filter Enable ast ] entries (up to 100) warnings, errors (filtered out: infos) Properties for MODULE-CONFIGURATION
- Message Error Code Entry Type
» Communications Toolbox HDL Support o . e ke dio Tresesp s o L __________]| Short.Name: b
» Computer Vision Toolbox Cancel " " g= Outline 5% =] > roject: s32k3xx_dio_TresosProject resos Status Descripton  Short-Name: Dio
Control System Toolbox it Help Apply [§p Post Build Variant Usedfalse Configuration of the Die (Digital 10) module.
Data Acquisition Toolbox B [C)nrglg \flaNant:VanaanvE(omp\\E
DDS Blockset » (& DioConfig PostBuildVariantConditions
v > ( DioGeneral =
. Deep Learning Toolbox N 5 (= CommonPublishedinformation B R Comments
Configuration: Dio, Module: Die_TS_T40D34M1DIORS, Project: s32kdx_dio_TresosProject

12




HOW TO INSTALL MATLAB EX

4\ MATLAB R2022a — X

HOME PLOTS APPS B Search Documentation

@ EEII:I i | [ Find Files & iz, Variable = E% L& Analyze Code @ @ {©) Preference f% @ % Community

E—] Save Workspace (5) Run and Time [ Set Path 3 Request Support

Mew Mew Mew Open [l compare Import  Clean Favorites Simulink  Layout Add-Ons fl Help
Seript  Live Seript ~ - Data Data @ Clear Workspace ¥ - [## Clear Commands ~ - ““ Parallel = - »  [E] Learn MATLAB
FILE VARIAELE CODE SIMULINE ENVIRONMEN RESOURCES A
<> EA » C: » MATLAB » R2022a » bin » ~ o
® | Workspace @
4\ Add-On Explorer - m} X B — B =
» Mame = Value
Contribute | Manage Add-Ons
4 & 2022b now available El Q (4 NXP's Model-Based Design Teolbox for 532K3xx: Installation Guide - X
For You id N Installation Guide for NXP's Model-Based Design Toolbox for $32K3xx Microprocessors Fami
Did you mean: s32r
My Products 102
Recommendations 60 The MXP's Model-Based Design Toolbox provides an integrated
TR development environment and toolchain for configuring and
) generating all of the necessary software automatically {including
Filter by Source initialization routines and device drivers) to execute complex
Communit 15 NXP Support Package S32K1xx version 2.3.0 by NXP M applications (e.g.. motor control algorithms, communication
y Modek-Based Design Toolbox Team ok Donasde protocols or sensor-based applications) on NXP $32K3:xx MCUs.
LR LOWNI as
Filter by Category This package represents the MATLAB Installer add-on for the FREE  Updated 13 Sep 2022 This wizard is design fo guide you throughout download, installafion and
. of cost, NXP's Model-Based Design Toolboxes. activation of the Model-Based Design Toolbox for 532K 3
Using MATLAB
Note: It is recommended to uninstall and delete all files/folder of the Select one of the available actions below to proceed. .
MATLAE n older versions of NXP Model-Based Design 8$32K1xx Toolbox before
Applications installing the new versions The steps to install NXP
Al, Data Science, and 5 fr NXP_Support_Package_S32K1xx - Help )
Statistics
. Toolbox .
Mathematics and 2 | Sign up now! |
Optimization -
Signal Processing 3 Field-Oriented Control of PMSM Using NXP™ -
- ~ $32K144 Kit version 1.0 by Shivaprasad Narayan 457 Downloads . o ) )
Image Processing and 5 24 Hownioads Choose the MXP Model-Based Design Toolbox revision you wish to download and install: [120 v
Computer Vision The workflow demonstrates Field Oriented Control of a Permanent ~ Updated 6 Jun 2021 Mote: Only one version of the Toolbox can be active as Add-Ons._ -
Control Systems 2 Magnet Synchronous Motor using NXP™ MCSPTETAK]44: $32K144
- Development Kit
Testand Measurement 1 -~
Wireless Communications 2 FOC-of-PMSMFieid-Oriented C‘?”tFD‘ of Permanent Magnet Step 1: Download the NXP Vision Toolbox from MNXP website  Step 2 Generate a free-of-cost license from NXP website,
Synchronous Moter Using NXP™ $32K144 Development kitThis and install it as Add-On uzing MATLAB installer. download and install into foolbox License folder.
Aerospace 1 example implements a motor control system using the NXP™
Disciplines MCSPTE1AK144 hardware. The | Go To NXP Download Site | | Generaie License File |
Sclences 8 Collection )
Engneering ; | Convert ZIP to MLTBX | | Activate NXP MBD Toolbox |
Industries 3 versi v . . .
NXP_Support_Package_S32K3xx version 1.2.0 by NXP m | Install MLTBX File as Add-On | | Verify MBD Toolbox License |
Model-Based Design Toolbox Team o o
) 209 Downloads
Filter by Type This package represents the MATLAB Installer add-on for the FREE  Updated 9 Sep 2022 | Verify MBD Toolbox Installation |
Toolboxes and Products 4 of cost, NXP's Model-Based Design Toolboxes.
Apps 9 Following are the steps to install NXP's Model-Based Design
simulink Modals 5 Toolbox for $32K3xx Series of MCUs:1. Go to Add-On Manager in | Go To Support Site . | | Go To NXP MEDT Site . | | Close |
MATLAE and select the NXP Support Package $32K3xx toolbox.
Hardware Support Packages 2 Select Open Folder
Function: a7 - M
) Y4

13 VAN




MBDT OVERVIEW

- Designed to assist customers
with embedded systems design

and deployment on NXP MCUs
BRI FNXPREEEITE

- External Tools integration for
peripherals, pins and clocks

configuration
MR, SRR TR ECERII MR LR &R

- True MBD with UNLIMITED
CONFIGURATION MODE
FAHEBRHBIAYE"MBD

- MCU Peripherals Configuration
& Control using NXP’s Real-
Time Drivers (RTD) for
AUTOSAR® and non-

AUTOSAR
FTIRTD, ZIFAUTOSARFINoN-
AUTOSAR

MATLAB BXIPPO

Built-in Tools, Config
Tools, RTD/SDK
Drivers, AMMCLIB
BEETH. KEK. B

@ ':B] 1 ) Find s &‘ Ba L Mew Variable L% Analyze Code @
New

e [ @ e EE Open Variable = s & Run and Time
Script  Live Script = Data Workspace [Z7 Clear Workspace v ~  [5 Clear Commands ~

Simulink Blocks for Peripheral Control and
Utilities
FAFIM=HIRNSEARfERFRY Simulink 18R

c §
{© Preferences & #% Community

out [Hsetpath  Add-Ons  Help (3} Request Support
v ~  [E Learn MATLAB

Documentation & Examples

BE =GNl

Simulink

FILE VARIABLE CODE SIMULI ENVIRONMENT RESOURCES
G EmaA|l] b S32K3 > sr
Current Folder
e e e e e Yo e
01 Name E Simulink Library Browser - [} X || e
[® | AMMCLIB s32k3cc -

o0 :
FreeMaster -
1 lic <&@ o | Enter search term oAy -

Bro-@ =0

| Documentation Search Documentation
| mbdtbx_s32k3 q 5 .
NXP Model-Based Design Toolbox for $32K3xx MCUs/S32K3xx Core, System, Peripherals and Utilities

S ' NXP Model-Based Design Toolbox for $32K3x MCUs A =] NXP $32K3xx Simulink Blocks
T autosar swe v $32K3xx AMMCLIB Leam detailed information about each Simulink block that is supperted to be configured with this toolbox

- - for §32K3xx MCU peripherals
| bec > AMCLIB
L can
" dlockout > GDFLIB Blocks expand al
0] demos > GFLB
[l dio S GMCUB > NXP S32K3xx Simulink Blocks
| extmode S MUB
L fm R - Featured Examples
gt v 532K3xx Core, System, Peripherals and Utlities CDD Blocks Communication Blocks
L isr CDD Blocks o
| e Communication Blocks o
| memory -
|| model_ref 10 Blocks =] —
_opil ISR Blocks
& profiler MCAL Blocks
pwm
U o > Utility Blocks == -
ga $32K30c Bxample Projects Adc Ctu 312 EBT Ade Ctu 312 §32CT /;: Single Read 312 EBT
o s ~ $32K3xx External Devices 5 ° ° N
Ly wart 10 Blocks ISR Blocks

[ demos.xml Battery Cell Controller

% mbd_s32k3xx_examples.sh > Simulink The s32k312_adc_ctu_ebtmdl The 532k312_adc_ctu_s32ctmdl The

= 532K3_RTD

example shows how to read ADC

values for the ADCO CH_49

(ADG_TEMP) and ADG1 CH_34
Open Example Open Example Open Example

example shows how to read ADC
values for the ADCO CH_49
(ADC_TEMP) and ADC1 CH_34

> Automotive Math and Motor Control Library for NXP 5321 532k312_adc_single_read_ebt.md|

> AUTOSAR Blockset
Control System Toolbox
Embedded Coder

SW32K3_BMS_SDK 4.4 0.8.0
SW32K3_RTD_4.4 2.0.0
\=| .gitattributes
|=| versions.bet
= tools

example shows how 1o read ADC
values for the ADCO CH_4¢

v v

build_tools Embedded Coder Support Package for ARM Cortex-M Pre _—

eclipse Fixed-Point Designer

gdb-arm . . . . . -

- > Fixed-Point Designer HDL Support MCAL Blocks Utility Blocks 1= -

S32ConfigTools.2021.R1.5 > HDL Coder - =

o =] versions.ext > HDL Verifier .

E f‘:sf:"fm v > Mixed-Signal Blockset == ™ ;;:;13 [mat = ™ ;_';:L]" [mat]
532K3_Examples (Folder) ~ Report Generator Adc Single Read 312 Adc Ctu 342 EBT Adc Single Read 342

Robust Cantrol Toolhox h §32CT s32CcT
No details available a3 2
The The $32k342_adc_ctu_ebt.mdl The

N
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MBDT FOR S32K3 - DEFAULT CONFIGURATION MODE

SIMULATION MODELING FORMAT HARDWARE
- ey —
€ & © & U ww @ EHa- ¥ <
Embedded Quick C/C++ Code Settings Code <32k3n_dio_s32ct Build View Verify = Share
CCode = Start Advisor + - Interface - Code Code « =
OUTPUT | ASSISTANCE PREPARE GEMERATE CODE RESULTS VERIFY | SHARE
g s32k3w0¢_dio_s32ct s}
H _
& c]
§
LIt
-
Explore all options:
1. Chack HW and SW selup
2. Check this model setlings
3. Generate Code, Build & Daploy on EVE
Variables
| red_led_level | versioninto
Toggle LED D33 red Turn on LED D32 blue
X X o
O Do Dio
Funcilon: Dio_FlipChannel  Le¥e! Function: Dwo_ReadGhannel  L2¥el [~ *| Level Function: Bio_WriteGhannel
Channel: D35_RED_LED Chanagl SWi Channel: D32_BLUE_LED
DIO_FlipChanael DI0_ReadChannel DI0_WriteChannel
« |3
[[] |
Model Data Editor Code Mappings - C
Ready 88% FixedStepAuto

Jopadsu] Aypdoid ||

apo)

Block Parameters: DIO_ReadChannel
532k3_dio (mask) (link)
This block implements the Dio component functionality

General  Configuration Parameters
Function Dio_ReadChannel
Channel Id SW4
0 ) _ |D32_BLUE_LED

Input Simulation D32_GREEN_LED
D32_RED_LED
D33_GREEN_LED

|D33_RED_LED

DioChannel_CAND_EN
DioChannel_CAND_ERRN
DioChannel_CANO_STB
CAN4_EN

CAN4_STB

CAN4_ERRM

D33_BLUE LED

MATLAB E

Available AUTOSAR
functionality for the selected
MCAL Component

Options configured in the
Default Project available for
the selected Function

| OK | Cancel Help Apply

Default project configuration
parameters for the selected

MCAL Component

Block Parameters: DIO_ReadChannel
s32k3_dio (mask) (link)
This block implements the Dio component functionality

General  Configuration Parameters

DioConfig/PTE_L/DioChannel - CAN4_ERRN D33_BLUE_LED Ll
DiaConfig/PTE_L/DioPortId - &

DioGeneral - DioGeneral

DioGeneral/DioDevErrorDetect - true
DioGeneral/DioEnableUserModeSupport - false
DioGeneral/DicFlipChannelApi - true
DioGeneral/DicMaskedWritePortApi - true
DioGeneral/DioMulticoreSupport - false
DioGeneral/DioReadZeroForUndefinedPortPins - false
DioGeneral/DioReversePortBits - false

NinGenaral/NinV/ersinnTnfnAni - trie A
£ >
Configure... Refresh
Cancel Help Apply
) Y4
15 A\




(83]

MBDT FOR S32K3 — UNLIMITED CONFIGURATION MODE

* Available RTD AUTOSAR MCAL

functionality
B]FARY RTD AUTOSAR MCAL Ih&E

» Covering all the AUTOSAR 4.4

specification functions
HEEFTEAUTOSAR 4.47155I188

Edit View E-Sign Window Help

File

Home  Tools AUTOSAR_SWS DI... *
7«'\3 ® B Q ® 1 /50

@ Bookmarks X

n 28 AUTOSAR
> W 7 Functional specification ~

@ . [1 8 API speification

SIMULATION

< Hardware Board

| NXP 532K3xx

l__d}— m oA 3 3
New New New Open
Script Live Script -

FILE

<FfH> @A

Current Folder
Name ~

& my_s32k3_app.mdl
my_s32k3_appConfig
my s32k3_app_TresosProject

.metadata

B 2 athuwQ

Specification of DIO Driver
AUTOSAR CP Release 4.4.0

R 5.1 imported types Document Title

Specification of DIO Driver

0 22 Type defni Document Owner AUTOSAR
> cAlvpeleninitions Document Responsibility AUTOSAR
v [ 8.3 Function definitions Document Identification No 020
[ 83.1 Dio_ReadChannel :
Document Status Final

[1 3.2 Dio_WriteChannel Part of AUTOSAR Standard

Classic Platform

t Change History

Change Description

Introduced MaskedWritePort API

Removed unused artifacts
Editorial changes

[ 3.3 Dio_ReadPort Part of Standard Release 4.4.0
[l &3.4 Dio_WritePort <«
D 8.3.5 Dio_ReadChannelGroup D
0 A Date Rel Changed by
8.3.6 Dio_WriteChannelGroup 2018-10-31 |4.4.0 AUTOSAR
[1 83.7 Dio_GetVersioninfo Release
[1 232 Dio_FlipChannel Management
) i 2017-12-08 |4.3.1 AUTOSAR
ﬂ 8.3.9 Dio_MaskedWritePort
Release
[ 8.4 Call-baknotifications Management
[ 85 Schedulld functions 2016-11-30 (4.3.0 AUTOSAR
> [1 8.6 Expectef] Interfaces Release
Management
> [ 9 Sequence digrams
> D 10 Configuratn specification
[ 11 Not applicdble requirements h

Removed SWS_Dio_00065
Replaced content of "7.6.2 Runtime
Errors" by "There are no runtime
errors."

Replaced content of "7.6.3 Transient
Faults" by "There are no transient
faults

Model Browser

BEUES

MODELING

)

MATLAB I

HARDWARE

@ %

Hardware ~ || Stop Time | 10.0 Manitor Data Build, Deploy
Settings & Tune + Inspector & Start +
HARDWARE BOARD PREPARE RUN ON HARDWARE REVIEW RESULTS DEPLOY
my_s32k3_app —
my_s32k3_app v
Block Parameters: DIO_FlipChannel X
532k3_dio (mask) (link)
Explore all options: ) ) . ) i
1. Check HW and SW setup This block implements the Dio component functionality
2. Check this model settings
3. Generate Code, Build & Deploy on EVB
General ~ Configuration Parameters
Variables Function Dio_FlipChannel -
Dio_ReadChannel
Channel 1d Dio_WriteChannel
[ Input Simulatio Dio_ReadPort
Dio_WritePort
Toggle LED D33 red Dio_ReadChannelGroup
Dio_WriteChannelGroup
Dio_GetVersionInfo
b4 Dio_FlipChannel
Dio Dio_MaskedWritePort
Funetion: Dio_FlipChannel Level Conﬂgure... Refresh
Channei: D33 RED_LED
DIO_FlipChannel Cancel HE' ) App\v
95% FixedStepAuto
A4
16 4\

]|
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MATLAB E
MBDT FOR S32K3 — UNLIMITED CONFIGURATION MODE

_ External Configuration Tools

(") @ E Code for EI - Ij c(g

—
|
Embedded Quick L/C++ Code | Settings Code =32k dio =32ct Build View & Verify | Share Q_
C Code > H
@ Configuration larameters: s32k344 dio_s32ct/Configuration (Active) — [m] x _ res os u I o .
ouTPY i ry —
. - . )
g Q 3 e €t Sonch Pojt Windon Hol o
H ] D[ i@ -ink & - LA RIRe SRS [avickreces] | | 1M
= £
= b Solver Hardware board: [NXP S32K3xx - .g‘ & Project Explorer 32 E% ¥ =0 @0 S O 1 Worklows 33 & =0 o>
@ | = + G 3k g TesosPoject oio PRIEN=]] -
E Data Import/kport Code Generation system target file: ertilc z R v D —— ovetousas w
Math and Dat§ Types Z Base (V1.00, AS440) Name @ [Dio No workfow slected !
. N = e (e Can (1100, AS440)
* Diagnostics ( Device vendor: |ARM Compatible = | Device type: |ARM Cortex h - Gt v0n st Genel"_Diohor|DioEcPartionkel|Publahed narmation (&)
i ; Y €0 2
Hardware Imp elmentatlnn » Device details o et tnag st st uid Varint Used O
Model Referencing % ] - % —
Simulation Target B T — @)
Hardware board settings Ml (11,00, AS40) S
» Code Generation Meu (V104 pstA0) No descripton availble.
| 05 (V100 As440) Name (& | DioConfig : -
=] Coverage ¥ Target hardware resources e (V)]
O] » HOL Code Generation T rnatta) ~ DioGeneral C
Groups P00 sl Nome @ [DioGeneal
/sDal (V21.3.0, AS4.4.0) - —
Clacking ‘ v . o
T Configuration Tool: |832 Config Tool | - | S ::Qim Detauit
ardware S32 Confi i EB Tresos 5 @) Erortog 07 @E|E|EE =0 Oeopete 2 v ven N
Initialization eniguraton e Config Tool Ul e e pte g e et ost ) P R Properties for MODULE-CONFIGURATION c
Timers RTD location: |S32K3 RTD\SW32K3 RTD 4.4 200 Browse SE Outline 52 BE v=08 & Project: s32k3cx_dio_TresosProject 1125 Tresos Status Description Short.Name: Dio
= = = = § Post Bud Varant Usecfolse oo Confgurato ofthe Di (ighal10) moe. o
2TImIEL Note: Update EB Tresos and $32 Configuration Tools setlings if changing S ooy e iaContiins - —
Tools Paths  disenee! Fonkuidh —
Export generated projects: Browse location. Export & Commenpubishecfermaten < > m
PIL = Configuration: Dio, Module: Dio.TS TAOD34MIONRD Project s32hc o TesasPoject o
External mode :
o o
CAN* e @ m—
L] - %
[ ok J(Lcamat J[_ten [ wow | > S32 Configuration Tools C:
[ figmex (532K244, Cortex-M1) (Ofline] el -oex
Fid " Hep
A0 B UpdsteCode ~ ) iFunctonal Group [MBDT 22 kN Q
Explore all options: lock Parameters: DIO_FlipChannel x NSkt = 0 ek oo x L ¥ Ov=-icwTcd o e
1. Chack HW and SW setup type fte e ©| 1t Dio Configuration pcay ' Configuration - General Info - w
2. Check this madel sellings 532k3_dio (mask) (link) e A Configuration- HW Info )
3. Generale Code, Build & Deploy on EVB CZn © ey C
This block implements the Dio component functionality ade G b Do fac pccs) Autoca Moce Part number, S32KG4.25T6GA
Core: ConecMT
Veriables BM Gt ll Md Ma — i SDKVersion: PlatformSDK_S32K3. 202110 GJ
o | Paom  Pam S U v o
General  Configuration Parameters (= [DioGenert e C
red_led_level | | sersioninto Eunction Dio_FlipChannel - i s D Contgues o o o eSO et
Dio Reverse PortBits o Q—
h I 1d - ot () Dio Flip Channel Api
Channel I D33_RED_LED o Do RendZoro ForUndetedPonios L1 @ a
o Mesked Wite Port Api
Toggle LED D33 red ! . Do asked e prt o  Generated code
O Input Simulation Enable B generatelincludeAde Clgh O
Dio VirtWrapper Support [2] generatelinclude\Adc_CfgDefines.h
o Din — [) generatetinclude\Adpw v
item by cicking on phs button & 5
. O — Level — K -
Function: Dio_FlipChennel WriteChannel _I
‘Channal: D3§_§FE'{'6_LED 1 & Problems 52 BlY|= =& <
pefitertent
L Level Resource lssue =
IO, FiipChannel B Witechannal & Warming  Sources ForCanContrl ( >
@ & Waming  Sources For CanControl
3 Weming  Sources For Cancontrol
& "] Configure... Refresh - il v [ 2
Model Data Editor Code Mappings - C
Ready Cancer nelp AppIY I 1 7 ‘




MBDT FOR S32K3 CODE GENERATION FLOW

s32k344 dic_ebt. I:Jat\

Current Folder

Mame =

MATLAB B

C £32k344 dio_ebt.c

£32k344 dio_ebt_ert rbw

4
Y
Build q

£ 532k344 dio_ebt.h

[ s32k344_dio_ebt.map
32344 dio_ebt.mk
z32k344 dio_ebt.o

z32k344 dio_ebt.su
z32k344 dio_ebt_data.c
z32k344 dio_ebt_data.o
z32k344 dio_ebt_data.zu

Y

£ s32k344 dic_ebt_private.h
C| s32k344_dic_ebt_types.h

53ik3M_din_eht_Tresu 5IE'r|:|_iect S32
B s32k344_dio_ebtConfig .mdl/.slx
settings EBtresos .mex
= generate CODEGEN H -
include | M
output
EIC ll
Project_Settings
[,
ErC .
: *_ert_rtw *Config/generate
.cproject
Jproject Simulink model > C src
slpri BUILD MakeFile
| s32k344_dio_ebt.bin
siﬂkm_md!u_ebt.elf External EB tresos project*  /IMEFEBEIE 172
*a 532k344 dio_ebt.md| S32DS T

i s32k344_dio_ebt.sldd
@ £32k344 dio_ebt.shc

HH s32k344 dio_ebt_settings.mat

ﬂ s32k344 dio_ebt_example_readme.html — Model Readme

\ . .
Cached settings of the external config tools

S32DS project
Data types imported from RTD + custom data types Z{iE=FEL
f&fIReadme

EFER

| | s32k344_die_s32ctConfig.mex

L — External S32CT project* HMEBCTECETHE

* If deleted, the configuration will be reset to default settings

* MR, IEfFEE A RE

1Y

lﬁﬁc

*Config

RTD (drivers, linker ...)
AMMCLIB
FreeMASTER

l

1010
1010

*.elf/*.bin




MODEL-BASED DESIGN TOOLS USE CASES

MATLAB

4\

4 B

Pins, MCU, Clock and Peripheral
configuration

Project files

Application development, build and
deployment

Hardware awareness

Configured and driven by MBDT (NXP hardware

support package). True MBD with unlimited

configuration mode (K3 only)

R MBDTECEMIX), FTAHEECEMRS, SJLASSIEIEAIMBD
(1XK3)

Entire application built in Simulink™. The models

include all SW and drivers needed in project

SEPEBESImulinkhsCIl, TNHB FAB ARG R IIKENER
Y ERtREY ARSI

Good for development and deployment, not
perfect for build and debug

EEFAEE, NMEEmFENRE

MBDT Framework: Simulink™ model can be split
into a hardware independent component
(algorithm) and a hardware-aware component
(MCU configs and inputs/outputs drivers)

MBDT #&E28: Simulink™ tREIR] LIS AR B (BRiEREY)
FREHREEM (MCUECE. WN/HIKENER)

Configured and driven by Processor Expert /
Configuration Tools and SDK/RTD in S32DS

A S32DS HRYPE/CTH] SDK/RTD EeBF0IKzN

Components of the application are built in Simulink™
and then integrated with configuration code and
SDK/RTD drivers in IDE (S32DS)

MORADEERA AL, SASTEIDE (S32DS) A 5EE(iEF0
SDK/RTDIRFNEERK,

Final integration, build and deployment done from
S32DS, full function support for build and debug

M S32DS FepkExRER. WEMERE, MENEINAEINEESIT

Simulink™ model can be hardware independent (if
only algorithm component is generated by the model)

Simulink™ tEERJLUZIRSI TR (RNSRIREYNEREIEBM)
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NXP MC solutions on
MBDT

MATLAB BEXIPO
Np ‘ SECURE CONNECTIONS
FOR A SMARTER WORLD
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MATLAL

S32K344 BLDC AND PMSM MOTOR
CONTROL DEVELOPMENT KIT:
MCSPTE1AK344

- Motor Control Capabilities

- Low voltage 3-phase permanent magnet motor (BLDC
or PMSM)

- Current sensor: Single, dual and triple shunt current
sensing

- Position sensor: Hall/encoder/sensorless
- Software Features

- Field-oriented control (FOC) with field weakening for

. EEAREIE sinusoidal motor type (PMSM)
- {KE=HE:K#EEH (BLDC 5 PMSM) . . .
| ELRISE: MEE ESFI= R TRRLTRN - Six-step commutation control for trapezoidal motor type
- (IEILREEE: EIRARAEE/TIEReE (BLDC)

. e
- IEmEyIEEE (Pusw) mssERmEREs (Foc) - Examples built on RTD high-level APl (AUTOSAR
- BVESHIRE (BLDC) M7 applications) or low-level API (non-AUTOSAR)

- ETF RTD 5% APl (AUTOSAR N FEfERS) =4k
APl (3E AUTOSAR) #a52aI7~f51

| ]
| 2 |

21



MATLAB EXPO

S32K3XX MC BLOCK DIAGRAM - BLDC

3-Phase Low-Voltage Power Stage
U Dcbus |° OJ.J DJ'J OJ.J C
° | BLDC )]
Vd
’ T Jj Jj Jj S—
=
ﬁ Udc_bus
- . . = ]| B al o
MCU, Motor, circuits Start/Stop Faut | Ovarcasrant GD3000 b HBR: 22 2
FreeMASTER pratectian 4 I| T T
(o]
1 1
v v v T* |||||| \AAAA vVYY
MBDT LPUART SIUL LPSPI eMIOS + LCU —» TRGMUX - BCTU ADC TRGMUX
Drivers, Configs, APIs RTD Driver RTD Driver RTD Driver RTD Driver RTD Driver RTD RTD Driver vVvY
= Driver eMIOS + LCU
Application Control o
| | | RTD Driver

- |
Ll

Speed (RPM) —

‘ o -
‘ Required

Current Limit

Real-Time Drivers Actual Speed (RPM) DC bus current
Zero-Crossing Period
for S32K3 Actual Motor Current < - 4
— Sensorless < Hall Period
- —
22 INX




S32K3XX MC BLOCK DIAGRAM - PMSM

MCU, Motor, circuits

MBDT

Drivers, Configs, APls

4

App, Algorithm, Data
processing

Real-Time Drivers
for S32K3

MATLAB BEXIPPO

3-Phase Low-Voltage Power Stage

U_Dc bus

Vdc

- B

I

fo)

ﬁ Udc_bus
Start/Stop _ Fault  overcurent < / GD3000 Idc_bus Isa |Isb Isc
FreeMASTER protection e n o
? . —
v v v T v ‘I"T‘T'T"I"T VYVYVYY v Vv
LPUART SIUL LPSPI eMIOS + LCU —» TRGMUX -» BCTU ADC TRGMUX
RTD Driver RTD Driver RTD Driver RTD Driver RTD Driver RTD RTD Driver vV v
Driver
Application Control guty c§c|eb eMIOS + 'LCU
Duty Cyclec Us_alpha_comp RTD I?rlver
Ud Isa|lsbl|ls_c
Us_d ’ Theta_enc
s

Us_alpha

Theta_est

— Sensorless
— Encoder sensor

<
£ o ega est
Omega actual_mech 03)
switchSensor > Theta enc filt £n /4v
I n Omega_enc_filt
<
Is d Is_alpha
Is g Is_beta

S32K344
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MATLAB EX
RAPID PROTOTYPING — MBDT ENVIRONMENT

Model-Based Design Toolbox for Simulink

External Configuration Tools
Pins / Clock / Peripherals

OSCILLOSCOPE

24 VAN

o Images presented are for illustration purposes only and may not be an exact representation of the product — their purpose is just exemplification of a concept.



MBD MOTOR CONTROL DEMO OVER MBDT - OVERVIEW

- Structure of MBD MC Frameworks - Layered Model

MBDERH = HIHEZE :

ot

£54 Simscape EBHREENETT MIL,

SIL 8% PIL #17ERIRSH A EFIEEIE

MATLAB EXPO

model to run MIL, SIL or PIL for
finite state machine simulation
and verification

ﬁombine with Simscape motor \

MIL/PIL/SIL

=

i
=1
5

o e

Algorithm model

&= =

=

—)

CunentFolder &)
MName « Git
= Scrind
*] FOC_Configm D w
_____ AT-file
[ struct FOC_Crtl.mat .
ulink Model
& FOC_Ctrl_CodeModel.slx L
& FOC_Ctrl_MBD.slx L ]
|%& FOC_PIL_Algth_model.slx [ ]
% FOC_PIL_Algth_top.she @
. . . & FOC_PIL_StateMch_model sk L ]
ﬂ:ombme with input and output ports to construct ' FOC_PIL StateMch_top.six “
the top level MBD controller only model used to Ef'tgcsg:;v;‘;':mgonhm_sk -
generate the code for integration. =& \ Fi His ez Glroc sub StateMchsh ) @
SN P FBBTFEREMTERITE
‘‘‘‘‘‘‘ ‘= MBD 1Z=HEsiEE,
R ‘ o
\_ = T " ' FEASEBEBIEESETMIL, SILE
t PILSHTE A ELa IO
/Combine with ideal motor model\
c fo0 run MIL, SIL or PIL for algorithm
ore - - - gw -
MIL/SIL/PIL simulation or verification

Simulink
subsystem

Model

74 MBDT H44ZTIE MBD MC &8
Combine with MBDT blocks to

construct the top level MBD MC model.

] =

=Ty

\
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MBD MOTOR CONTROL DEMO OVER MBDT - DETAILS

- Core FOC Algorithm model

- HW independent
FOCHLELAIREY

Stage Control

-

FocinternalPara

FoclnternalPara. FocTheta.thOpen —— thElOpen

FocinternalPara.FocTheta thEIEst -—— thEIEst

.

snIsR:‘ Fi a.Rst.snisRst
innerRst Fi a.RstinnerCtrRst
outerRst Fi ‘ara.Rst.outerRst
thElUsed Fi 'ara.FocTheta thUsed
wEIOpen F a.FocSpd wEIOpen

FocinternalPara

(D)

Feedbacks

AN

MATLAB EXIP

Current

Speed and Position

Name - Git
= Seript
#] Foc_configm ®
o MAY: e e
[ struct FOC_Crtl. mat .
Simulink Model
% FOC_Ctrl CodeModel.slx L
& FOC_Ctrl_MBD.slx L
|%& FOC_PIL_Algth_model.slx ]
% FOC_PIL_Algth_top.she L
& FOC_PIL_StateMch_model sk L
"8l FOC_PIL_StateMch_top.slx L]
= Simulink Subsvstem
[=] FOC_Sub_Corealgoithm.slx @
[ FOCSUD Stateman o @
iAl
Flux_thEl_Est > 2
L= Flux_thEl_Est
uAl
Flux_wEl_Est 3
CeJ Flux_wE|_Est
Sensorless Observer
Open Calculation

B

:

FOC Algorithm
a of a <ol |
A_fdbk Clarke » /_]iD
- Transform ) m
G g B
iB_fdbk Tr Fl:a;k'm
Clarke Transform . < i) | 1 I0_fdok
. uD_req d
. P iQ_fdbk
—cos8
® wEl_req uQ_req q
Inverse
. Park Transform WEL_req Controller ‘ Park
sin .fmeB
FocinternalPara. FocTheta thUsed cos cos,

PWM Reference,,
Generator " bo

Inverse Park Transform

Space Vecior Generator

Duty

v
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MATLAB E

MBD MOTOR CONTROL DEMO OVER MBDT - DETAILS

Simulink Model

- SIL or PIL model for Core Field Oriented Control Algorithm model B i

& FOC_PIL_Algth_model.slx

’ . *& FOC_PIL_Algth_top.she
- It's easy to switch between SIL and PIL BTG L Sttebich e
"l FOC_PIL_StateMch_top.slx
\ N e g 4 . -
\ S FU FU Simulink Subsvstem
FOC*ZILJ %/%*Ei&ﬁs | L/P | szii FOC_Sub_CoreAlgoithm.sk L]
E FUL_SUb_StatemMch.six L ]
Plants
N NN B B S S S S . - - - \
7 \
Controller ‘ :
on T e e e e e e -— ~ I Info I » [:]
Ve 0 » LdTrg
’ \ | N | _
f r FOC_PIL_Algth_model Y\ I LD e wec [
(PIL) . _ Y./
I Duty | | Dabc s I SpdE N
—»{single |——»{ia auy | Average v L bl pracevol s e [
| | q | v MrSpd ® N >
Ll dc \‘!/
I Flux_thEl Est %;ﬂ Average-Value Inverter Interior PMSM ' Pairs
/
: I \ -— e e o Em EE Em o Em = = -
iB " " wel_Est] TP-EES, o S Pate
» 25 20 g P N
I : 200 300 ,\"2 ? 4’\\
| " 75 1\~ 325 £ A
| +(_Feedbacks I455 ' : f 5 _\|
e 150 350 =3 /
- 125 a75 %
300 wEl_req | I 100 400 \\V_p EZE.“ y/
| : ' ExecutionTime —I—DE
SpeedReq \ /
A A
N 7/
\ NN EEEN SN IS BEEE SIS B B B G B B B S . . .- — ’
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MBD MOTOR CONTROL DEMO OVER MBDT - DETAILS

« Finite state machine model
- HW independent

- Upper layer for Core FOC Algorithm model
BIRASHIURE, TREESFOCEARE

{InitDone = false;}

Initial
[dutyOut, ledOut] = InitFunc();
InitDone = true;

. FaultSetClear]
[~FaultSetClear]{InitDone = false;} [Fau ]

4

[InitDone]

G
ADCinput

@
MotorSwich

3
Faulwich

Current F

Name
= Seript
¥ roc_configm
MAT-file
1 struct FOC Crtl.mat
Simulink Model
*& FOC_Ctrl CodeModel.slx

daarow

otoronon

*& FOC_Ctrl_ MBD.slx

& FOC_PIL_Algth_model.slx

amoul—(D *a FOC_PIL_Algth_top.she

*a FOC_PIL_StateMch_model.sh
*& FOC_PIL_StateMch_top.slx

FautSetCiear

[~MotorOnOff){InitDone = false;}

Ready

[dutyOut, ledOut] = ReadyFunc();

[MotorOnOff]
1

Faults
[dutyOut, ledOut] = FaultFunc();

[FaultSetClear]

[FaultSetClear]

Simulink Subsystem
=] FOC_Sub_CoreAlgoithm.slx

dou
[=] Foc_Sub_stateMch.slx
(Run N
: !
Calibration
en:CalCnt = 0;
du:

CalCnt = CalCnt + 1;
[dutyOut, ledOut] = CalFunc(dataRaw);

[CalCnt > 10000{CalCnt = 0;}

NormalRun
[dutyQOut, ledQut] = NormalRunFunc(dataRaw);

Simulink Function [dutyOut,ledOut] = InitFunc

Simulink Function [dutyOut,ledOut] = CalFunc(dataRaw)

Simulink Function [dutyOut,ledOut] = FaultFunc

Simulink Function [dutyOut,ledOut] = ReadyFunc

Simulink Function
[dutyOut,ledOut] = NormalRunFunc(dataRaw)

MATLAB I
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MBD MOTOR CONTROL DEMO OVER MBDT - DETAILS

- Finite state machine model (continued)

- Data preprocessing

BIRASHTEER, MINEHAEIRLE, LIRS EE

) uint16 (5
1

dataRaw

=P AN
RIS

iA_fdbk

ySE="

Current Folde

Name
= Seript
‘j FOC_Config.m
MAT-file
1 struct_ FOC_Crtl.mat
Simulink Model
*& FOC_Ctrl CodeModel.slx
*& FOC_Ctrl_ MBD.slx
& FOC_PIL_Algth_model.slx
*a FOC_PIL_Algth_top.she
*a FOC_PIL_StateMch_model.sh
*& FOC_PIL_StateMch_top.slx
Simulink Subsystem
=] FOC_Sub_CoreAlgoithm.slx
[=] Foc_sub_stateMch.six

.
1
single'<D

dutyOut

varFOC

P varFOC.Signals.Snls.AngleFlux

FOC_Sub_CoreAlgoithm 3
Duty
p| iA_fdbk
Flux thEl Est
B iB_fdbk ; 1
Flux wEl _Est
WEL e Feedbacks —

Pre_Data_Process

f)

[100]

ledOut

varFOC.Signals.Snls.VelocityFlux

A 4

varFOC.Signals.Current.iAlBe.iAlpha

varFOC.Signals.Current.iAlBe.iBeta

varFOC.Signals.Current.iDQ.iD

varFOC.Signals.Current.iDQ.iQ

varFOC.Signals.Voltage.uAlBe.uBeta

varFOC.Signals.Voltage.uAlBe.uAlpha

varFOC.Signals.Voltage.uDQ.uQ

varFOC.Signals.Voltage.uDQ.uD

MATLAB E
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MATLAB B

MBD MOTOR CONTROL DEMO OVER MBDT - DETAILS

= Seript

# Foc_Config.m w
MAT-file
1 struct_ FOC_Crtl.mat @
simulink Model
- SIL or PIL model for finite state machine e .
& FOC_PIL_Algth_model.slx ®
1 i op.she @
- It's easy to switch between SIL and PIL A W
*a FOC PIL StateMch_top.slx %
ﬁﬁﬁqﬁ%%*ﬂﬁ;ﬂags | L/P | L?D-l\”iit S‘EIIF':;‘CS_::;,_fzt:rr:hlgoithm.slx ®
FOC_Sub_StateMch.six ®
Controller
T — - N Plants
_L 1 o e e e e e e e e e e e = e e = -

FOC_PIL_StateMch_model I I \

— (PIL) . - | - |

I~ ‘;@—b ADCinput » ouy ¥ Yas 1 Duty . I

4IF I I iB_Raw f———! I

Poteeuar I I R I _ : IDC_Raw p——— I

- MotorSwiteh— b teof 2 o4 ° | ; R i R R wEIT’@
MolofSwitT I B I ;L— uvw
b o Inverte i i : | I l |

I I I ‘ ) Measuremen! t I

FaultSwilch i 4 ExecutionTime —DEII I I

FaullSw‘rtr.' I I = '

\ 4 | N o e e —m—_——— M th"tb"tb—"—"—" "~ 7
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MBD MOTOR CONTROL DEMO OVER MBDT - DETAILS

4 +

- The top level MBD MC Framework

- Peripheral control done via MBDT

- Five tasks: initialization, basic counter, user button, hall speed calculation and state

machine
TEEENIEHIELER . ETFMBDTHIME. BFfPEcE, HIEFOCEFES

Global Variables Initialization

varHall

Target : S32K144 64KBSRAM x
Package : 100-LQFP
System clock : 112 MHz
XTAL clock : External 8 MHz
Compiler : GCC
Target Type : FLASH
Download Code after build :

(OpenSDAE)
Step Tick Interrupt Priority : 15

2

Initialization

[ State Machine Task

Name
= Seript
#] Foc_configm
MAT-file
1 struct_ FOC_Crtl.mat
Simulink Model
*& FOC Ctrl CodeMoadel.slx
*a FOC Ctrl MBD.slx
& FOC_PIL_Algth_model.slx
*a FOC_PIL_Algth_top.she
*a FOC_PIL_StateMch_model.sh
"l FOC_PIL_StateMch_top.slx
Simulink Subsystem
= FOC_Sub_CoreAlgoithm.skx
FOC_Sub_StateMch.sbx

Git

MATLAB E

User Button

X

function

FTM PWM Overflow ISR

Module : 3

&2

h
function()

State Machine Task

User Button

Basic Counter

Hall Task

varSy varSystem.basicTimer

Hall Speed Calc
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- The top level MBD MC model

- The input interface and output interface through MBDT blocks
TEREY

/

KSHIREFIMCUIRRINE S 754

Input

— o o oy,

_-— e o o o e e e S oy,

”

ADC: 0 x ‘
SC1 Register. B
P L
Interrupt Enable: off
& I
ADC: 1
SC1 Register. C > - > i
Input Channel: ADC1_SE15 I ADCinput uint16 (5)
Inlerrupt Enable: off P! uint16 (5)
@
DC: "
Anet X I varSystem.motorSwitch po—
SC1 Register: A
nput Sramel ABG T S8 e (D) —— oolean
Interrupt Enable: oif I hDCmput
@
I varSystem.fal itch F
boolean
ADC: 1 X —_——
SC1 Register: B I
rouEardifed s s s }————
terrupt Enable. ot
@ I
|
SC1 Register: A
oot Sl sere > uintts |
Itorrupt Enabie: off
2

SN o = ——

4 +

FOC_Sub_StateMch
P ADCinput

P MotorSwitch

3
DUTY

 LED

Cu

2 4

«wYy

MATLAB E

srrent Folder

Name Git

Script

# Foc_config.m w
MAT-file

1 struct_ FOC_Crtl.mat
Simulink Model

*& FOC Ctrl CodeMoadel.slx

*a FOC Ctrl MBD.slx

& FOC_PIL_Algth_model.she

*a FOC_PIL_Algth_top.she

*a FOC_PIL_StateMch_model.sh

*& FOC_PIL_StateMch_top.slx
Simulink Subsystem

= FOC_Sub_CoreAlgoithm.skx ®

FOC_Sub_StateMch.slx ®

Output

T e mm mm o - —

~

/ N

I' Duty Cycle Ch 0
I FTM PWM Config
Module: 3
Duty Cycle Ch 2 Center-Aligned PWM

Frequency: 16000 Hz

Deadtime: 1000 ns

Duty Cycle Ch 4

2

x\

1
|
[
1
|
I GPO Write x
P output Pin: PTD15
I Drive strength: Low
©
I LED_Red
I GPO Write x
| > output Pin: PTD16
Drive strength: Low
4
I LED_Green
[
GPO Write x
| output Pin: PTDO
Drive strength: Low
\ , ,

LED_Blue
\-————_————’
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= Seript

#) FoC_configm ' ]
MAT-file
1 struct FOC Crtl.mat L]

& FOC_PIL_Algth_model.slx
*a FOC_PIL_Algth_top.she

- The model is only used to generate C code ' FOC PIL Statebch modelslx

*a FOC_PIL_StateMch_top.slx

- The top level MBD controller-only model ‘k == % e
& @

Simulink Subsystem

- Developer integrates the generated code with configuration code and Srocsm ot | o
SDK/RTD in IDE (S32DS) FOC Sub StateMchs

TEREEL: BIIS32DSEMF A, (REMFESAINES, IKFNHS32DSECEFNSLIN

e
FOC_Sub_StateMch

ADCinput
ADCinput

oure| w1

DUTY

MotorSwitch
|\|n1()'5.’.‘\’l(?

MotorSwitch

\ eof w2
(3 ) pFaultswitch LED

FaultSwitch
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- Hardware
Home / Model-Based Design Toolbox (MBDT) / Model-Based Design Toolbox (MBDT)

- S32K Automotive General-Purpose Microcontrollers Model-Based Design Toolbox (MBDT)

All communt ty ~ | Q Search all content

- S32K344 Brushless Direct Current and Permanent Magnet Synchronous
Motor Control Development Kit

Options »

- HVB M S Refe rence DeS|q N B u nd Ie us | nq ETP L Model-Based Design Tools for Matlab and Simulink Support

S32K1xx MPC57xx S12ZVM

= Howto = Howto = Howto

= Tutorials = Tutorials
#%, . Videos - Videos
T .« FAQ - FAQ
- Software

- MOdel'Based DeSiqn TOOIbOX (MBDT) KSXX « Howto HeP « Howto MathWorks + Motor Gontrol
- Automotive Math and Motor Control Library (AMMCL.ib) Lha & ‘
- Real-Time Drivers (RTD)

= Tutorials
- Videos

Kinetis V DSC

= Howto = Howto = Howto

- Tutorials - Tutorials - Tuterials
« Videos " « Videos « Videos
= FAQ

"
- Community
The Model-Based Design Toolbox provides an integrated development envirenment and toolchain for cenfiguring and generating all of the necessary software
M B D I Col I I l I lu n itv automatically. Learn more.

- WeChat public account: autoMBD
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+ Tutorials £ + Tutorals
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