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Objectives L/

» To start early pre-silicon software development with complete debug and trace toolset support

» To validate inverter use case (with a focus on motor control) on AURIX™ TC4x microcontroller even before
silicon is available

» To prepare software development kit (SDK) which will be used to control real motor

» To test algorithm behavior in corner cases without using real hardware
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Objectives

AURIX™ TC4x microcontroller architecture

Performance ASIL-D
Enhanced TriCore™

With up to 6CPUs @
500MHz

Bigger Tightly Coupled
SRAM for increased
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Full AB-Swap Support

Debug and Trace
Safe and the secure in field
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with QM support

CSRM
New high performance Security Modules

CSS

Dedicated communication security
satellites

New Programmable HW Accelerator -
PPU

SIMD Vector DSP + Scalar Core for
Modelling and Precise Control — ASIL D

New high-speed comm Interfaces:
« PCle 3.0

* 100Mb- 5 Gbps Ethernet

New 10 Mbit Ethernet and CAN-XL

New communication routing
accelerator:

* DRE- Data Routing Engine

New eGTM timers and High
Resolution PWM with low latency
interconnect (LLI)
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Increasing SW Complexity requires simulation based validation to (imeon
reduce time and effort

Increased Software Simulation and Virtual :
_ . Benefits
Complexity Testing

Tomorrow’s Vehicle
6X more lines of code

Average Lines of Code Per Car )
P T v Time to Market

) v" Cost saving
v Improved Quality

and Safety

Millions

Increasing need of scalability,
flexibility and reusability
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What is Virtual Prototype (VP) ? &—/

A simulation platform of HW that can execute target SW applications without any
modifications

ECU VP/Multi ECU VP

AUTOSAR Runtime Environment (RTE) '--------------'."----'l
AURIX GenX VP

- COMM

1 =

Application Layer

Clockand  External ASIC mmm
Reset Gen Models ; Utilities




Successful collaboration between Infineon and Synopsys enabling (iﬁneon
Virtual Prototype across AURIX™ generations

Synopsys Expands Center of Excellence with Infineon to Deliver

» Long collaboration over 15 years Virtualizer Development Kit for AURIX TC4x Automotive

— VP tools and integration Microcontroller
- IP mOdeIIIng Collaboration for Third Generation Builds on Successful Deployment of VDKs for AURIX TC2x and TC3x Series to
- VP deployment and Support Enable Early Software Development at Tier1 and OEM Customers

» Long term partnership for developing Fast Timed Model
for TriCore™
— Reuse of Register-Transfer Level (RTL) tests improves
model quality and accuracy
» Successful deployment into many Tierl and OEM projects
» Deepened partnership for AURIX™ TC4x VP via Centre of

Excellence (CoE) setup AURIX TC4x

AURIX TC3x
AURIX TC2x
AUDO TC1x

2005 2010 2015 2020
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AURIX™ TC4x Virtual Prototype Cinfineon
Model-Based Design Flow o

SIL ! PIL o © HL \ Final Product

MIL

Post Silicon

Pre Silicon

Cost optimization

Time to Market
Simple regression

I
0 I

Easy debugging I

MIL : Model in the L : Setup
: Model in the Loop 1 ;
SIL : Software in the Loop \“ Easy debugging
PIL : Processor in the Loop *
HIL : Hardware in the Loop " A |
VHIL : virtual Hardware in the Loop WO P /
N\

o _ Vi
N - P
. ) . ~ \r - Ve
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AURIX™ TC4x Virtual Motor Control Application Kit

Development Environment for fast prototyping

(infineon

4 Development Enviroment N
4 Infineon Technologies f/_ MathWorks x 4 Synopsys
i N If_ N
Low Level Matlab® Simulink® Adapter Synopsys®
Drivers T > N ) Virtualizer
Source Code |1 EMbedded) ("Simulink® Studio (VRT)
ﬁURleM s‘_CEd_EFE _Jl Libraries
e TC4x VDK
Development — | | | vsiLibrary
Studio \_;l_(:ilx_HiP'_, \, J \ y.
/ - J
elf File 1 I
— — — Optional [ Debugger IDEJ
\ /

AURIX™ TC4x HSP — Embedded coder support package for Infineon Technologies AURIX™ TC4x microcontroller

VSI Library - Virtualizer System Interface is a MATLAB®/Simulink® and Synopsys® VDK library, developed by Synopsis® for better co-simulation

Adapter — The adapter is an environment which gives an interface between different simulation environment. Developed using Python

2022-10-20
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https://de.mathworks.com/hardware-support/infineon-aurix.html

AURIX™ TC4x Virtual Motor Control Application Kit (iﬁneon
Software Development Kit

N d PI

- Controller Inverse Park Space Vector (E)GTM as
. [ SpeedPI o L Iq PI Transform Modulator PWM Unit
\ | Controller = "% _ | Controller

RotorAngle ———1 Angle & Speed
Calculation
RotorSpeed  —

-
Legend
A4
. TC4x Peripherals Y
D Software Park Clarke Current
Transform Transform Reconstruction
References
~_

» Field Oriented Control (FOC) of Permanent [ 1( el |
Magnet Synchronous Motor (PMSM) % conaurations.
_ - Application Control: ControlModules Configuration :
» Layered approach Libraries: | |
» Infineon Low Level Drivers (iLLD) e e
» AURIX™ Development Studio J[ _ _
MCU HW Peripherals: iLLD
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AURIX™ TC4x Virtual Motor Control Application Kit (iﬁneon
Complete model in Simulink®

Permanent Magnet Synchronous Motor Field Oriented Control in Sl units

Note: This example requires a Infineon AURIX TC4xx Virtual Motor Control Application Kit setup

Feedbacks_sim Feedbacks_simtoVDK

FromVDK Currents & DC-Link Voltage Currents & DC-Link Voltage

Duty Cycles —’Duty Duty_Cycles IncEncoder ———® IncEncoder Sim_fb ‘
-—P Feedbacks_sim Y ' MtrSpd [— | Speed

MtrPosEl ——® PositionEl

Debug [-»—] =
= Inverter and Motor - Plant Model ActiveScenarioFdb
Enable ActiveScenarioCtrl
laOffset Commands toVDK
—_————— Explore more:
IbOffset . 1. Edit motor & inverter parameters
T TargetSpeed [-—] 2. Use Offset compuation model to find
I K out position offset.
EnCiesdioon A =T 3. L{pdate offset- i_n Init Scrig‘t to variable
CommandSet pmsm.PositionOffset'.
- 4. Build, Deploy & Start
Speed_ref 5. Control motor via host model
Copyright 2021 Infineon AG
Debug_signals

» Active scenario = 0: Control algorithm executed on AURIX™ TC4x VDK, developed using Infineon Technologies hand-written code
» Active scenario = 1: Control algorithm executed on Simulink®, developed using MathWorks Motor Control Blockset™ (part of ActiveScenarioCtrl subsystem, MIL)
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AURIX™ TC4x Virtual Motor Control Application Kit (iﬁneon
Plant model in Simulink®

Real inverter and motor Simple model of inverter, motor and load in Simulink®

Info —"n _b—»{info
Load_Trg + LdTrg RT

Load_Profile (Torque) Feedbacks_sim
PhaseCurr —D.Iabc 3 »| PhaseCurr
/ RT1

Sensor_Measurements
(‘I}—b Duty_abc Vabe E PhaseVolt -
MtrSpd F—»—]

Duty_Cycles

>

Inverter Surface Mount PMSM
¥% System Parameters // Hardware parameters

pmsm = mch SetPMSMMotorParameters('DB42502'):

pmsm. PositionOffset = 0.0;
%% Parameters below are not mandatory for offset computation

inverter = mcb_Se:Inver:ErParameterst'A:T:ETF:xx Mctr PowerBoard w2'):

KIT_A2G_TC387_MOTORCTR
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AURIX™ TC4x Virtual Motor Control Application Kit (iﬁneon
Synopsys® Virtualizer Blocks in Simulink®

» General Timer Module (GTM) Timer Output Module (TOM) is used for PWM generation

Virtualizer Simulink
Generic In Interface

. ..., |217s0us  [21800us  [21850us  [21900us  [2195Dus |22 ms
| Lo TomOuwl 19 oin —J[TomOutd 11 minsle L[ 1 [ | L | L

uumﬂm_]_Lmﬂ:I]x I I ] [ I
L | | I |

Im_ll_ll_ll___l

-
%mﬁm— e e e B e e
s I — 1 T 1 T 1 7

phase_v_duty_cycle

phase v duty cycle

Fl_ljl_l__:

phase_w_duty_cycle |

phase_w_duty_cycle

» General Purpose Timer (GPT12) module is used » Time-multiplexed analog-to-digital converter

for incremental encoder support (TMADC) is used for phase current sensing
_ _ o Virtualizer Simulink
Virtualizer Simulink Generic Out Interface
Generic Out Interface
en S o | - —
- ﬁ« B QEPB —_— |m%29, > QEFE - HCurlen‘Sensegam&Jh Shunt Resistor 3ph Get_ADC_Counts 3ph ‘ pems_ctems &nwwage " -
N e -]
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AURIX™ TC4x Virtual Motor Control Application Kit
Run the system simulation

o run the system simulation one shall perform following steps:

Infineon

;

> T
1.
2.
3
A
5

Open TC4x_MotorControl configuration in VDK

Under TC49x_system/TC49x/Core_System/TriCoreO add .elf path to TriCoreO image

Run VDK_TC499 Simulink_ADC configuration up to initial_crunch

After reaching initial_crunch routine, simulation will be suspended. Click on Resume suspended simulation button in VDK
After VDK simulation reached Running state (indicated in bottom right corner), switch to Simulink window and run
Simulink simulation

Note:

2022-10-20

File Edit Navigate

& Design Browser

Search Project Run Creation VDK Debug Windg 4-e|p
v @ v T - - e Stop Time |8 1] \ T @
memary_map b #~0 1 . % '\t,‘ 5 J|/' @ > \W
=" VP Disassembly 7% Charts *TC4xx_MotorControl.vpefg & = v | Normal Step Run Step Data Logic Bird's-Eye
. & / Inspector Analyzer Scope
i@ Images - TC4xx_MotorControl (TC49x_system) Q 3 y H@ Fast Restart Back v v Forward P Y. P
SIMULATE REVIEW RESULTS
fter Parameter File Offset
- :_te49xa_SIUnit_without HSP > ActiveScenarioCtrl Simulation Sensor_Measurements Simulation
~ ¥ ED_SFR
~ ¥ Imagelnfo
¥ initial_image . - . A
e Permanent Magnet Synchronous Motor Field Oriented Control in Sl units
v ¥ Imagelinfo
" initial_imag Note: This example requires a Infineon AURIX TC4xx Virtual Motor Control Application Kit
= |P323yz_PMSM_FOC_AURIX_TC4xx_Tc.elf 2 ... 0x00000000 with PMSM Motor and QEP Sensor
v ¥ TriCorel

~ % Imagelnfo
™ initial_image
~ ¥ TriCore2
~ ¥ Imagelnfo
> initial_image
~ ¥ TriCore3
~ # Imagelinfo

Feedbacks_sim > _sim

Duty_Cycles
dbacks_sim —|—> Duty_Cycles  Currents & DC-Link Voltage

=

#{Currents & DC-Link Voltage

Debu

a

& initial_image
~ ¥ TriCore4
~ ¥ Imagelnfo

ActiveScenarioCtrl Inverter and Motor - Plant Model enarioFdb

Virtualizer System Interface Library assures that TC49xA VDK time step is synchronized with Simulink® time step.
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AURIX™ TC4x Virtual Motor Control Application Kit (iﬁneon
Results — Closed loop

» FOC of PMSM
» GTM TOM is used for PWM generation 005
» Phase currents are measured by using TMADC £ o
» GPT12 is used for incremental encoder support §-0_05
» Maximum speed slew rate: 1000 [rpm/s] 1]
1200 | T 1000 - | '\' | ' |
1000 | —L s ____E:::::;’____L”’}’r'
_— g =l — [—
'-% ool » -1000 — Refer ! | m
& 0 3 5 6
= ) \ i | _
IPANE ST I SN mHmlHHH !N H Il _
Time[s] U_QJ- ‘ “““ “ m ElPosition
oor % 3 5 6

o
o

.‘nnmIIWH‘H‘\HWH‘H” | [

- El
=
= o
2. 0.5 Q05 Vel
&) &) | H\wau I m\HHmIﬂnllm s
& >
= 5
A 045 004
| DutyU DutyV DutyW | 0 1 2 3 4 5 6
0.4 s s . . | Timel[s]
0.6 0.62 0.64 0.66 0.68 0.7
Time[s]
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Summary

v

v

N

Infineon

;

Use of AURIX™ Virtual Prototype helps to shorten Time to Market, to save Cost and to
improve SW Quality and Safety

Closed loop co-simulation environment consisting of AURIX™ TC4x Virtual Prototype and
Simulink based plant model helped to prepare and validate the motor control SW applications
in pre silicon phase

AURIX™ TC4x Virtual Motor Control Application Kit (combination of AURIX™ TC4x Virtual
Prototype, Simulink based plant model and SW) enabled us to demonstrate XEV usecases to
our customers and SDK partners

The MATLAB®/Simulink® embedded coder support package for Infineon Technologies
AURIX™ TC4x microcontroller is recently released and helps our customers to speed up
prototyping phase

AURIX™ Development Studio AURIX™ TC4x Embedded Coder support AURIX™ TC4x VDK

for AURIX™ TC4x
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