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Presenter Notes
Presentation Notes
Hello everyone, welcome to this session on Model-Based Embedded Software Development using MathWorks Hardware Support Package for Infineon AURIX Microcontrollers. 

I’m Jayakarthigeyan Prabakar from MathWorks. 

Today, we’ll explore how the use of Model based design can accelerate your Embedded software development on Infineon AURIX.

mailto:jprabaka@mathworks.com
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Agenda

MathWorks Products and Model-Based Design

- Automatic code generation for Infineon AURIX TC3x and TC4x
Monitor and Tune Workflow
Multi-Core Modeling with Tricore and PPU

= Summary

- Q&A


Presenter Notes
Presentation Notes
Here’s our agenda. 

We’ll start with an introduction to MathWorks tools and model-based design, 

move on to automatic code generation for Infineon AURIX MCUs, 

discuss the monitor and tune workflow, 

dive into multi-core modeling, 

and wrap up with a summary and Q&A
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Presenter Notes
Presentation Notes
MATLAB is the foundation of MathWorks products, enabling advanced analytics, algorithm development, mathematical modeling, and machine learning. 

Its powerful programming language with its on development environment and toolboxes that simplify workflows for scientists and engineers.


Simulink and Embedded Coder

Industry- '|‘|"|' IX -
Specific
& P

Solutions
Embedded
Systems

Real-Time
Simulation
& Testing

MathWorks

PROJECT SHORTCUTS
) Rebuld SFunctions % Top Level Simuation Model
avace

i
ELInT:]

Current Folder

» C ¥ Users » yzukerma b MATLAB » Projects » Flightsim »
® [ Editor- MatTabHypel
Views
linearAirframe 8§ Dependency Analysis|
mainModels
nonlinearAirframe
resources
sic
support
tasks
@ 0 tests
# 1 utiities

work
[ rightsim.prj

Labels

(1] Classification

Cormmand Window

Building with

- Simulink
View Display Diagram Simulation Analysis Code Tools Help

e
Q
=]
:;
=}
]

[Falngresimutaton »

Flight Simulation Model

vironment (Gonstan)

‘Copyright 2013.2018 Tha MathWorks, nc.

¢
File View Viewpoints Navigation Rendering Simulation Recording Help
[Quadcopter Isometric ~IFy

|Quadcopter lsometric i
Setect a Tile 10 view gerans

camrlandale@@a .

B8 Simulink Library Browser

< 4 [Enter search term
Simulink/ Discrete
~ Smulink
Commonly Used Blodks
Continuous
Dashboard
Discontiuities
Discrete

Logic and Bit Operations

[Posi600233.41 76261050 017 078

Animation Suppart Utiities
Fight Simulator Interfaces
Animation

Pilot Models

E|1[

Discrete Derivative

Discrete PID

g

i

F

1§

i



Presenter Notes
Presentation Notes
It enables early design validation, real-time simulation, and automatic code generation, supporting industry-specific solutions for control, power, and signal processing.

Simulink extends MATLAB’s capabilities by letting you simulate systems over time using a simple block diagram editor. 

This means you can model and test your designs early, when changes are easier and less costly. 

Simulink also provides specialized blocks for different applications, such as motor control, digital power, and machine learning. 

Once your design is ready, you can automatically generate high-quality embedded code from your block diagram using our code generation tools.
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Presenter Notes
Presentation Notes
Simulink provides special add-on libraries for different applications. 

Like Simscape Electrical and the Motor Control Blockset, which help you model power conversion and motor control systems. 

These libraries include ready-to-use blocks for components like semiconductors, motors, sensors, and passive devices. 

You can use them to build and simulate complex systems, and then automatically generate code to run your models on hardware
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Presenter Notes
Presentation Notes
First of all, I would like to talk about the traditional embedded development method, which is based on 

<Click> the needs of the customer and the requirements of the system, 

based on which the system requirements specification is prepared, 

<Click> then control algorithm, mechanical parts, electronic circuits, etc., are designed, 

<Click*2> then implemented and integrated to test whether the implementation satisfies the requirements. 

<Click> In this traditional method, it is possible to do early verification of the entire system, and it takes a 

<Click> long time for developers to implement the code themselves, which may lead to human error. 

<Click> Some issues can only be discovered and resolved only after you have the from prototypes. 

<Click> And It's hard to make sure that all of the system's requirements are reflected in the design.
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Presenter Notes
Presentation Notes
On the other hand, in Model-Based Design, 

<click> The design can be done in an integrated simulation environment like Simulink through modeling of control algorithms and hardware modeling, 

<Click> and automatic code generation from models reduces development time and generates optimized code. 

<Click>Verification is possible through HIL System before the prototype sample is releases 

<Click> Continuous simulation and verification at every stage of development ensure that the requirements are properly reflected.



Modeling a Motor Control System
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| Block Parameters: Surface Mount PMSM1 X

| Surface Mount PMSM (mask) (link)

Model the dynamics of a three-phase surface mount permanent magnet synchronous motor (PMSM)
with sinusoidal back electromotive force.
|

Del

88!
connection  frage b

10 Expansion
board

Infineon AURIX
TC4x - TriBoards

Adapter Board

05*pmsm.T_rated

CO—

Duty_Cycles

Duty_abc

~ @B

Inverter

- G

t ) PhaseCurr

PhaseVolt \ /
ZETEE~ MtrSpd

Info F—

Block Options
Mechanical input configuration: Torque v
Simulation type: Discrete ~
Sample Time (Ts): Ts_motor 5
[
Load Parameters:
File: surfacepmsm_motordata.m Browse
Load from file Save to file
Parameters  Initial Values
Number of pole pairs (P): pmsm.p H
Stator resistance per phase (Rs): pmsm.Rs i [Ohm]
Stator d-axis inductance (Ldq_): pmsm.Ld i [H]
Torque constant (Kt): ~ | 0.0140 i [Nm/A]
Physical inertia, viscous damping, static 7 .
friction (mechanical): [pmsm.J, 0,0] i [Kgm~2, Nm/rad/s, Nm]
cocs | b aowh

lab:

) l—b PhaseCurr Sim_fb

Feedbacks_sim

Surface Mount PMSM1

Info Theta_rad ————#—]

Sensor_Measurements1

%

FixedStepAuto

8


Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.



MathWorks Hardware Support Packages enable engineers to rapidly
develop on Infineon AURIX™ TC4x without deep device knowledge

Multi-core model example simulates IPC and
then deploys to hardware

Embedded Coder Support Package for Infineon AURIX TC4x Microcontrollers

Design, simulate and deploy Simulink models on Infineon® AURIX™ TC4x Microcontrollers

= Get started with the hardware in minutes
. Useful for quick prototyping using peripheral blocks

= Includes peripheral driver blocks and jump start examples ( Ex. FOC motor control )
— TMADC, DSADC, CDSP, FCC, PWM, encoder, resolver, QSPI, SENT, CAN, digital I/O, and hardware interrupt

= Supports TASKING SmartCode, Green Hills® MULTI, Synopsys ARC® MetaWare and HighTec LLVM
compilers

= Generate optimized code for the Vector DSP Accelerator PPU and multiple TriCore™ cores

= Facilitating multi-core integration through automatically generated Inter Processor
Communication

. Useful for performing Processor-In-Loop (PIL) tests on TriCore™ and PPU
= Useful for partitioning algorithms to run on multiple TriCore™ cores and PPU
= Analyze algorithm resource usage and task execution

@\ MathWorks
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Presentation Notes
The Hardware Support Package enables rapid prototyping on AURIX TC4x, with peripheral driver blocks, compiler support, and optimized code generation for multi-core and vector DSP architectures.

https://www.mathworks.com/matlabcentral/fileexchange/116675-embedded-coder-support-package-for-infineon-aurix-tc4x-microcontrollers
https://www.mathworks.com/help/supportpkg/infineonaurix/referencelist.html?type=block&category=index&s_tid=CRUX_topnav
https://www.mathworks.com/help/soc/ug/getting-started-multicore-infineon-tc4x-example.html
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Hardware-specific Peripheral Block Library for Infineon AURIX™ TC4x
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Presenter Notes
Presentation Notes
There are the peripherals we support for the AURIX HSP. As you can see we support the basic peripherals needed for motor control and power conversion applications like the GPIO, ADC and PWM along with some Encoder and Resolver which is required for position sensing in motor control applications. SENT which is used for sending information from sensor to vehicle control unit. 

We support a wide range of peripherals for motor control and power conversion. The new hardware mapping app simplifies configuration, making it easy to set up and deploy models
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Presenter Notes
Presentation Notes
Due to the complex and large number of peripheral configuration settings available in the Infineon AURIX MCU, we have moved from block mask configuration to a new Hardware Mapping app in which all peripheral blocks available in the modal is visible and you can configure them from one window. 
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Presenter Notes
Presentation Notes
Develop your application in Simulink, simulate, generate code, and deploy directly to AURIX hardware. 
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Presentation Notes
Monitor and tune allows you to log signals and adjust parameters on hardware from Simulink, enabling efficient debugging and optimization during runtime. 
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Getting Started in Minutes: Deploy, Monitor and Tune
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11:50, 10:10


Modeling a Motor Control System
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Surface Mount PMSM (mask) (link)

Model the dynamics of a three-phase surface mount permanent magnet synchronous motor (PMSM)

with sinusoidal back electromotive force.
|

Del

88!
connection  frage b

10 Expansion
board

05*pmsm.T_rated

O sowae

Duty_Cycles

Inverter

Block Options
Mechanical input configuration: Torque v
Simulation type: Discrete ~
Sample Time (Ts): Ts_motor
Load Parameters:
File: surfacepmsm_motordata.m Browse
Load from file Save to file
Parameters  Initial Values
Number of pole pairs (P): pmsm.p
Stator resistance per phase (Rs): pmsm.Rs i [Ohm]
Stator d-axis inductance (Ldq_): pmsm.Ld i [H]
Torque constant (Kt): ~ | 0.0140 i [Nm/A]
Physical inertia, viscous damping, static .
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Modeling a Motor Control System
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Presenter Notes
Presentation Notes
 Let’s look at modeling a motor control system. Instead of direct hardware iteration, we use Simulink, Simscape and Motor Control Blockset to model and simulate the system, minimizing risk and accelerating development.
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Develop Embedded Software to run on Infineon AURIX™ TC4x hardware using HSP
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Presenter Notes
Presentation Notes
The HSP allows us to model, simulate, generate code and run the model on the hardware.
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Multi-core modeling using IPC Data Channel Blocks

TriCore™ 1 TriCore™ 2 PPU

* Interprocess Data Channel Block
enables data transfer between
multiple cores in AURIX™

Processor A

Interprocess

vawelelf| B3 H:

.| Interprocess Data

Processor B

Interprocess Data

- Data Write Channel Read
!
i
E
. g ] S - Partition algorithms t
_ T[] oW .a iton aigori . ms O run on
— different cores in single top model
- = reference
f=¥|s (=
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Presenter Notes
Presentation Notes
Multi-core modeling is supported through IPC Data Channel Blocks, enabling partitioning of algorithms across TriCore and PPU cores for parallel execution and efficient data transfer.


Configure model to generate and run code on specific TriCore™ /| PPU

£ Configuration Parameters: tedx_IpcTopModel/Configuration (Active) = O 4
|Q Search |
Solver Hardware board: |Infineon AURIX TC4x - TriBoards | - |
Data Impo port Code Generation systemn target file: art.tlc
Math and Data Types
» Diagnostics Device vendor: Infineon + | Device type: TriCore -

Hardware Implemeantation
Model Referencing
Simulation Targat

» Code Generation

» Device details

Hardware board settings

Processing Unit: |TriCore(

|~

Mone

g o0 |

v

TriCore™ 1

TriCore1

v
TriCore™ 2

PPU

TriCore2
TriCore3
TriCored
TriCoreb

PPU

(o (Comea ) [rew ] [oomr )

4\ MathWorks
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Algorithm implementation by Automatic Code Generation

Infineon AURIX™ TC4x Hardware Support Package

[rbedied Software

= Enables target-specific code generation for the
heterogeneous multi-core system

SR — Infineon TriCore™

* ‘ e = ANSI C code generation

o — Parallel Processing Unit (PPU)

= Code Replacement Libraries for math
operators using vector implementation based on

PWM Channel

Plant

Synopsys® VDSP library elements

= SIMD code generation using Synopsys® VDSP
vector intrinsics and vector math

inc
inc -h"
i ude es N
* E uts (root outports fe signals wit! efault storage) *.
Exty T vector_math_¥;
- R model =
stat vector_math_T vector_math_M_;
RT_M math_T “const vector_math_M = &wector_math_M_;
void wector_math_step(void) H H
. utomatic memory allocation 10r vector
vecl nst resl32_T *tmp_a;
vec nst real32_T *tmp_:
m

AURIX™ TC4x data

Processing Unit TriCore™ Compute Cluster

NVM NVM

TriCore™ TriCore™
0 oog -

>m Components

/* Outport: ‘<Root>/Outa’ */
vvst (vwfadd(wwld(tmp_0), wvld(tmp_ 1)}, tmp); Shared Memory

System Memory
* OQutport: '<Root>/Outa’

=/ Interconnect Fabric
tmp = &vector_math_¥Y.Outs[i];

/* Qutport: '<Root>/Outs’ incorporates:

Leveraging PPU for advanced vector

/* Sum: "<Root>/Add’ incorporates:
* Constant: '<Root>/A’
* Constant: '<Root>/B’

Cyber
Security

Debug & Trace

algorithms without the need for detailed

expertise in parallel programming.

COM IFs/

tmp_1 = &vector_math_ConstP.B_Value[i

/* Qutport: <Root>/Outs’ */
vvst(vvfsub(vwld(tmp_@), vvld(tmp_1)), tmp);

e
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Presenter Notes
Presentation Notes
Automatic code generation targets the heterogeneous multi-core system, with optimized libraries for vector math and seamless integration with Infineon’s software framework and peripherals.


4\ MathWorks

Algorithm implementation by Automatic Code Generation

Infineon AURIX™ TC4x Hardware Support Package
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[—— SpeedLoop
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IPC Channel
I = ==}
i —[— L
Speed Control E — E '
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F3
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—mvin

N

Infineon AURIX™ TC4x

Parallel Processing Unit

TriCore™ Compute Cluster

NVM NVM

TriCore™ TriCore™
0 ooa I

’ Timer ‘ ’ COM IFs/

- Power System
Management CSRM Core ra
|

System Memory
HW Peripherals Cyber Debug & Trace

Security

4
8

Debug IF

Integration of automatically generated algorithmic code
within the software framework

— Library elements for on-chip peripherals are
replaced by corresponding parametrized Infineon
iLLD function calls to access these peripherals

— Inter-processor communication infrastructure for
data exchange between the processor sub-systems
and for triggering the execution on the PPU

— Scheduling utilities to trigger function execution

Tool flow automation

— Triggering the compilation of the source code (.elf)
for the different processor sub-systems

— Specifying the executable in the virtual platform

— Download of executable to processor on HW board
(flash, RAM)

Easy access on on-chip peripherals and

automated tool flow including download of
executable.
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Presentation Notes
We support multiple approaches for deploying neural networks and advanced algorithms on the TC4x PPU, including auto-vectorization, optimized libraries, and model-based design workflows.


| 4\ MathWorks'

Neural Network Deployment on Infineon AURIX TC4x PPU

| |Metaware Toolkit for I Work Product [ Mathworks Tool
AURIX™ TC4x Tool/Library

Formal / Informal
Model

Tl T T Three approaches to translate NN models to

source code:

1. Use language extensions to enable auto-
vectorization feature of MetaWare

Manual implementation

2. Use optimized libraries that provide wide range
of functions such as standard C library, DSP

edded and platform-specific runtime
oder®

3. Use Model-Based Design support to take full
advantage of automatic code generation for

TC4x PPU with:
»  TensorFlow or ONNX format passed to MetaWare NN
compiler that outputs an optimized C code to compile

Asy with Meta\Ware
] Com'o/’an{
2lopment Toolkit

Auto vectorization of reference code

<

MetaWare D

PPU Binary
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Presentation Notes
Three are 3 approaches to translate NN models to source code:
Use language extensions to enable auto-vectorization feature of MetaWare compiler�
Use manual implementation with optimized libraries that provide wide range of functions such as standard C library, DSP and platform-specific runtime�
Use MBD and its support to take full advantage of automatic code generation for PPU


Model-Based Shift-Left Testing enabling early verification

Host
(ANSI C)

Syetam Analysic

* Model-in-the-Loop
(MIL)

» Software-in-the-
Loop (SIL)

» Virtual Processor-
in-the-Loop (vPIL)

* Processor-in-the-
Loop (PIL)

Rapid Control

Prototyping (RCP)

Hardware-in-the-
Loop (HIL)

External Mode

Monitor and Tune

4\ MathWorks'

SYSTEM V&V
END-TO-END SIMULATION

INTEGRATION TEST
MILSILPILHIL/ext. Mode

/

REQUIREMENTS AND
ARCHITECTURE DESIGN

DETAILED DESIGN ] [

Model-in-the-Loop (MIL)
Multi-domain simulation of the algorithm within its context (closed-loop,
end-to-end).

Software-in-the-Loop (SIL)
Algorithm running as stand-alone executable (ANSI-C) on host platform
called from the multi-domain testbench.

Rapid Control Prototyping (RCP)
Algorithm running on real-time capable host system connected to the
physical hardware.

(virtual) Processor-in-the-Loop ((v)PIL)
Algorithm running as stand-alone executable (target-specific C code) on a
virtual or target platform called from the multi-domain testbench.

(virtual) Hardware-in-the-Loop ((v)HIL)

Intergrated algorithm (target-specific C code) running in real-time on target
platform connected to plant model executed on real-time capable host
system.

Monitor and Tune

Integrated algorithm (target-specific C code) running in real-time on target
platform connected to physical hardware. Parameters can be modified from
and signal values visualized on host platform.

Early defect detection through equivalence /
back-to-back teststing between simulation model
and implementation as also required by
certification standards (e.g. ISO 26262).

31


Presenter Notes
Presentation Notes
Model-Based Shift-Left Testing enables early verification through MIL, SIL, PIL, and HIL workflows. Virtual platforms and processor-in-the-loop testing ensure functional equivalence and compliance with safety standards


Model-Based Shift-Left Testing enabling early verification

PWM Channel

2|

|C Channel

sssss
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Code Generation
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Linking

Vin
(from Simulink)
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SIMD Core

Memory

System Components
DMA, Shared Memory

TriCore™ Compute Cluster

NVM NVM

TriCore™
0

TriCore™
ooa I

System Memory
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Power

HE ‘ ’ Management

COMIFs/
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Cyber Debug & Trace

Security
System
CSRM Core Trace

Automatic
Code Generation

Compilation &
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- PWM

(to Simulink)

4\ MathWorks

SYSTEM V&V
END-TO-END SIMULATION

REQUIREMENTS AND
ARCHITECTURE DESIGN

INTEGRATION TEST
MIL/SILPILHIL/ext. Mode.

/

DETAILED DESIGN ] ’

= Co-Simulation with Virtualizer

Leveraging the Synopsys® Virtualizer™ Development
Kit (VDK) for Infineon AURIX™ TC4x

Provides an executable virtual platform of the
heterogeneous multi-core microcontroller platform,
including the TriCore™ and PPU processor sub-
systems, on-chip peripheral units, and on-chip system
busses

Co-simulation between the Simulink® testbench and
the Synopsys® Virtualizer™ virtual platform executing
the automatically generated, integrated, and
compiled code (i.e. algorithimc code and iLLD calls)

Signals can directly be injected or output at the
behavioural peripheral models using the Synopsys®
VSl interface also verifying the on-chip accessibility

Enables early software development and closed-

loop verification on register level without
requiring the actual physical target device.
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Summary

Automatic
Code Generation

Compilation, Linking,
Download

Automatic
Code Generation

Compilation, Linking,
Download

4\ MathWorks

The Infineon AURIX™ TC4x and TC3x Hardware
Support Packages enables the efficient use of the
heterogeneous multi-core platform through

optimized scalar and vectorized code generation
(TriCore™, PPU)

Model-Based Design enables the design and early
verification of complex applications

Automatic C code generation increases
productivity and improves code quality

Smooth workflow through tight integration with
other solutions of the Infineon AURIX™ TC4x tool
ecosystem
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Questions?

Thank You!

Reach out to jprabaka@mathworks.com if you would like to try out

Model-Based Design on Infineon AURIX

4\ MathWorks
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Presenter Notes
Presentation Notes
Thank you for your attention. I’m happy to take any questions you may have

For more information or to try the Infineon AURIX support package, feel free to reach out to me at the email shown in this slide

mailto:jprabaka@mathworks.com
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