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User manual

Getting started with the STM32Cube function pack FP-IND-MCAI1 and the
EVLSPIN32G4-ACT reference design based on the STSPIN32G4 for edge Al
integration

Introduction

The FP-IND-MCAI1 function pack is a reference code to control a low voltage three-phase brushless motors with
EVLSPIN32G4-ACT reference design, based on the STSPIN32G4, ST's STSPIN flagship device for 3-phase brushless DC, an
extremely integrated and flexible motor controller with an embedded Cortex®-M4 microcontroller, monitoring the vibrations using
the STEVAL-C34KAT1 sensor kit, and classifying the operating conditions through an optimized Al algorithm.

The function pack comes with an implementation example of a motor fault classification based on a machine learning (ML)
solution developed through NanoEdge™ Al studio, working in parallel with the field-oriented control motor control algorithm
(FOC) generated with the STM32 motor control software development kit (X-CUBE-MCSDK).

The firmware collects data on the motor current and the 1IS3DWB vibrometer (mounted on the STEVAL-C34KAT1 board). This
data stream feeds the ML model allowing an accurate classification of motor behavior among normal operation (no faults) and
two possible fault conditions.

The user can customize the ML model by changing motor configuration and adding their own classes.
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1 1. FP-IND-MCAI1 software expansion for STM32Cube
1.1 Overview
The FP-IND-MCAI1 features:
. a sample application with FOC algorithm to drive a low voltage three-phase brushless motor;
. an ML model for motor behaviour classification;
. Motor Control Protocol (MCP) implementation to interact with the evaluation board through the motor pilot
tool included in the MCSDK;
. free, user-friendly license terms.
1.2 Architecture

The FP-IND-MCAI1 package was developed for the EVLSPIN32G4-ACT board.

Figure 1. FP-IND-MCAI1 software architecture

Application FP-IND-MCAI1

Hardware :
Abstraction STM32Cube Hardware Abstraction Layer (HAL)
Hardware

The FP-IND-MCAI1, compliant with STM32Cube architecture, is structured into a set of layers of increasing
abstraction.

The hardware abstraction layer (HAL) interfaces with the hardware and provides the low-level drivers and the
hardware interfacing methods to interact with the upper layers (application and libraries). It provides APlIs for
communication peripherals (SPI, UART, etc.) for initialization and configuration, data transfer, and communication
errors. There are two types of HAL driver APlIs:

. generic APls, which provide common and generic functions to the entire STM32 series,
. extension APIs, which provide specific, customized functions for a particular family or a specific part
number.

The package extends STM32Cube by providing a board support package (BSP), which deals with the board
specific peripherals and functions (LED, user button, etc.). The BSP structure follows the hardware structure,
including a component management layer as well as the specific layers of the boards used.

On top of such features, which are inherited from STM32Cube, FP-IND-MCAI1 adds the code reusability at
application level that is based on the STM32 motor control software development kit (MCSDK) and NanoEdge ™
Al library.
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1.3 Folder structure

The FP-IND-MCAI1 firmware package folder structure follows a layer-based approach similar to the one of the
STM32Cube architecture.

Figure 2. FP-IND-MCAI1 package folder structure

Name

__htmresc
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@ Package_license.html

@ Release Notes.html

The folders included in the software package are:

1. Documentation: contains a compiled HTML file generated from the source code, which details the software
components and APls.

2. Projects: contains a sample application for motor control with Al data classification. This application is
provided for the EVLSPIN32G4-ACT with three development environments:

a. STM32CubelDE
b. IAR Embedded Workbench for ARM (EWARM)

c. ARM® RealView™ Microcontroller Development Kit (MDK-ARM)
Differently from the standard STM32Cube architecture, the Drivers and the application-specific libraries are
included in the Projects folder. In particular:

a. Drivers: contains the HAL drivers and the board-specific drivers for each supported board or hardware
platform, including the on-board components and the CMSIS vendor-independent hardware abstraction
layer for ARM Cortex®-M processor series.

b. NanoEdgeAl: contains the NanoEdge™ Al library used for data classification

MCSDK_v6.4.1-Full: contains the motor control library with field orient control algorithm, delivered with the
6.4.1 version of the ST Motor Control Software Development

3. Utilities: contains complementary project files (MC Data logging source files and the dataset).
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2 Getting started

21 System configuration
The FP-IND-MCAI1 requires the following hardware to run:
. EVLSPIN32G4-ACT: STSPIN32G4 reference design for next-generation smart actuators.
. STEVAL-C34KAT1: Digital accelerometer sensor kit based on [IS3DWB.
. STLINK-V3SET or STLIN-V3MINIE: In-circuit debugger and programmer for STM32/STM8.

. three-phase brushless motor (the example is based on the MAXON EC-i 40 100 W included in the
EVALKIT-ROBOT-1 reference design kit).

. power supply providing 36 V / 3 A output.

2.2 How to program EVLSPIN32G4-ACT

The EVLSPIN32G4-ACT board can be programmed with an external programmer such as the STLINK-V3SET or
STLIN-V3MINIE.

Figure 3. EVLSPIN32G4-ACT and STLINK-V3SET programmer

Once the hardware connections are in place, you can either:
. download the sample application binary provided using, for example, the STM32CubeProgrammer,

. recompile and flash memory one of the provided projects with your preferred IDE as, for example,
STM32CubelDE.
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3 Firmware

3.1 Overview

The FP-IND-MCAI1 is a reference example about how to integrate the NanoEdge™ Al library into a motor control
application, with both the elements running in parallel onto the same microcontroller.

The motor control application is based on the motor control library configured through the motor control
workbench, included in the STM32 MCSDK, to work with the combination of the EVLSPIN32G4-ACT inverter
board and the Maxon EC-i 40 100 W brushless motor.

The 1IS3DWB package was added to the STM32CubeMX project allowing the data acquisition form a vibrometer
embedded on the STEVAL-C34KAT1.

In parallel to the FOC algorithm, the ML algorithm classifies the data stream from runtime acquisitions and
eventually identifies faults based on a previously performed training process whose output is a dataset and a
library generated with the NanoEdge™ Al studio.

Figure 4. FP-IND-MCAI1 firmware overview

Signal A Signal B

MCSDK-6 (v6.4.1 or later) \/

Dataset

IIS3SBDWB package ——»| CubeMX project v
NanoEdgeStudio

The integration of the NanoEdge™ Al library into the motor control firmware relies on the parallel execution of a
dedicated state machine whose purpose is to analyze the data continuously acquired and buffered by the motor
control algorithm.

The dataset used by NanoEdge™ Al studio to generate the library is provided with the package. The dataset was
generated in the following conditions (knowing the dataset creation conditions are essential to perform a proper
fault identification, see Section 4.2):

. signal A: |4 (field-oriented control quadrature current), sampling 20 kHz, decimation factor 4
. signal B: X-axis accelerometer value, sampling 20 kHz, decimation factor 4.
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3.2 Motor control state machine

The operation of the motor control FOC library is driven by the state machine described in the Figure 5 chart.
Refer to the MCSDK documentation for the detailed description of all the states.

Figure 5. Motor control state machine

CHARGE
BOOT
CAP

{1 From Any State

1 From Any State but:
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FAULT NOW, FAULT OVER

This state machine handles the motor start, motor stop, and fault management.
In the example, it has been modified to:

. initialize the IS3DWB digital vibrometer,

. collect the motor telemetries and the vibrometer data,

. buffer the data in the array, which made available to the NanoEdge™ Al library,

. check the results of the data classification and, in case of a detected fault, enables an LED blinking on the

EVLSPIN32G4-ACT board (LED1).

The motor control state can be changed by the user with the motor pilot, sending a RUN/STOP command to the
board via USART. For additional information about the motor pilot application, please refer to the MCSDK
documentation.
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3.3 NanoEdge™ Al library state machine

The NanoEdge™ Al library state machine works in parallel with the motor control one.

Figure 6. NanoEdge™ Al library state machine

It is composed by only three states:

NEAI
DETECT
DONE

NEAI IDLE: The data are continuously acquired and the system is waiting for the request of its analysis.

The request is carried out by the expiring of a countdown (Al_DELAY_TICKS in mc_tasks.c) and its value
can be changed by the user according to its application (the default value is 2 seconds).
NEAI TRIGGER DETECT: The firmware enters this state at data analysis request. In this state, the
NanoEdge™ Al library sorts the collected and invokes the classification function.

The sorting of the data must be the same as the dataset used during the training process.

The position of the signals inside the array passed to the classification function must be the same as the
one used for the training dataset and the samples must be sorted in chronological order, from the oldest to

the newest one.

t—n+ 1
t—n+2

t—n+3

Figure 7. NanoEdge™ Al library data sorting

Dataset Signal B
Sample 1A
Sample 1 Sample 1
P Sample 1B e | P
Sample 2A
Sample 2 Sample 2
Sample 2B — |
Sample 3 Sample 3A Sample 3
Sample 3B 4/
Sample n Sample nA Sample n
Sample nB 4/

NEAI DETECT DONE. This is a transition state. Once the classification function returns the result, the

firmware enters this state, it starts a new countdown and switches to NEAI IDLE state.
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4 Configuration customization

The package is provided with a pre-configured motor control algorithm (3-shunt sensorless FOC) generated for
MAXON EC-i 100 W, a 3-phase brushless motor. On the other hand, the dataset for the data classification was
generated to identify normal condition, a fault related to an increase of the motor vibrations and a fault related to
an unstable motor load.

The package is intended to be a reference of how to integrate the NanoEdge™ Al library into the MCSDK
algorithm. However, the user can exploit and customize it according to its needs and its application requirements.

4.1 Motor control parameters
In this section, the user is taught how to customize the following parameters:
. motor parameters
. power supply
. PWM generation frequency
. FOC execution rate
. shunt resistor value and current sensing gain
. sensorless start-up parameters
. PI controller gains (current regulator, speed regulator)
. bus voltage and temperature protection thresholds

The user can customize the motor control parameters by loading the provided STM32G431VBTx-
EVLSPIN32G4_ACT.ioc file into the motor control workbench (version 6.4.0 or later).

Figure 8. Opening the ioc file with the motor control workbench
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Once loaded the project, the customizable parameters can be found in the corresponding tab of the tool.
See the STM32 MCSDK technical documentation for further details about the configuration of the motor control
library.
After saving it, the new code can be generated by clicking on the “generate the project” button and choosing the
preferred toolchain.

Note: The new parameters overwrite the old ones. It is recommended to create a backup copy before proceeding.

Please also note that the new code MUST be generated in the same folder location of the previous one since
this process needs the original configuration files that are included in the package.

Otherwise, the generated code gives compilation errors.
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Figure 9. Generation of the new code with the motor control workbench
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Figure 10

If the generation process shows the message in, click YES.
The warning is related to the IS3DWB device whose configuration will not affect the goodness of the result.

Figure 10. IS3DWB warning

m Warning: Code Generation X

WARNINGS:

- Main Config: These peripherals still have some not configured or wrong parameter values:
[STMicroelectronics X-CUBE-MEMS1.11.1.0, Verify the Platform Settings Tab ]

Do you still want to generate code ?

Yes § No

EdgeAl dataset
The FP-IND-MCAI1 package comes with a dataset whose role in the algorithm was described in Section 3.1.

The dataset was created using two signals (FOC quadrature current and x-axis accelerometer) to identify 3
classes: normal motor operation, fault1 (high motor vibration) and fault2 (unstable motor load).

It is important to note that, to properly classify the data, the sampling conditions with which the dataset
is created must reflect the sampling conditions that will be used in the application.

In particular, the two signals are collected during the high frequency task of the FOC algorithm whose frequency is
the PWM frequency divided by the FOC execution rate (respectively 20 kHz and 2 in the example). Therefore, the
dataset was created by acquiring data at 10 kHz (20 kHz / 2) in the three operative conditions described before
(normal, fault1, and fault2).

To increase the time window of the sampling after buffering the data was then decimated by a factor 4. Again, this
was done during the creation of the dataset and during application. The decimation factor (AIl_DECIMATION) is
defined in the file mc_tasks_foc.c. The decimation order does not have to affect the ability to recognize sharp and
quick variation of the signals that may prevent a good classification.

Finally, the dataset is imported into the NanoEdge™ Al studio to create the library used by the firmware.
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Generation of a new library with NanoEdge™ Al studio

Figure 11.

- COMPILE LIBRARY

RUN OPTIONAL GHECKS &

The files generated by NanoEdge™ Al studio must replace the ones in the subfolders of the “NanoEdgeAl” folder
of the FP-IND-MCAI1 package.

Figure 12. “NanoEdgeAl” folder update

-~

> MCSDK_v6.4.1-Full Name
v NanotdgeAl ﬁ knowledge_ncch
v Bl GCC L..“y NanoEdgeAl_ncch
. Inc
Bl Lib
> ©. MCSDK v6.4.1-Full = Narne
v~ NanokdgeAl [] libneai_ncc.a
v Bl GCC
Bl Inc
' lib
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421 NanoEdgeAl library generation for Keil® MDK-ARM toolchain
After having created the dataset and imported the signals in the NanoEdge™ Al studio, the generation of the
NanoEdgeAl library for Keil® MDK-ARM toolchain requires the enabling of the flag fshort-wchar in the window

shown below.

Figure 13. Library generation for Keil® MDK-ARM toolchain

- COMPILE LIBRARY

2025-03-11 11:44-Bench (Result ID 38)

.

characters For suffix name are letters [s-2] and numbers [0-0]. Suffix's length limit is 16 characters.

_ncc

Check the box if you want to integrate more than one NanoEdge Al library in your program. Then, choose 5 suffix For each library.

Compilation Flags

ary calls for floating-point operations. "hard" allows generation of floating-peint instructions and uses

Specifying soft causes GCC to generate output containing libr
ific calling conventions. Note that the hard-float and soft-float ABIs are not link-compatible; you must compile your entire program with the same ABI, and link

FPL

ibraries. Arduine default is soft-Float.

option to "-fshort-wehar”. Having the box unchecked sets the option to ™-fno-short-wehar”

The "fshert-wchar” option can improve memery usage, but might reduce performance because narrow memory accesses can be less efficient than Full register-width
accesses. The default is "-fno-short-wechar”. That has the default size of wchar_t at 4 bytes.

Checking the bex sets this cption to “fshort-enums”. Having the box unchecked sets the option ke *fne-short-enums”.
The “Fshart-enums” option can improve memary usage, but might reduce performance because narmow memory accesses can be less efficient than Full register-width

nums

accesses. The default is fshort-enums. That i, the size of an enumeration type is at least 32 bits regardless of the size of the enumerator values.

While the files .h generated by NanoEdge™ Al studio, they must replace the ones in the Inc subfolder of the
“NanoEdgeAl” folder of the FP-IND-MCAI1 package, as already explained in the previous section, the file

libneai_ncc.a must replace the one in the dedicated folder Lib_Keil.
Figure 14. “NanoEdgeAl” Keil® MDK-ARM folder update

v NanoEdgeAl Name
v [l GCC D libneai_ncc.a
A Inc
2 Lib
_ Lib_Keil
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved

UM3604 - Rev 1 page 16/16



http://www.st.com/trademarks

	UM3604
	Introduction
	1 1. FP-IND-MCAI1 software expansion for STM32Cube
	1.1 Overview
	1.2 Architecture
	1.3 Folder structure

	2 Getting started
	2.1 System configuration
	2.2 How to program EVLSPIN32G4-ACT

	3 Firmware
	3.1 Overview
	3.2 Motor control state machine
	3.3 NanoEdge™ AI library state machine

	4 Configuration customization
	4.1 Motor control parameters
	4.2 EdgeAI dataset
	4.2.1 NanoEdgeAI library generation for Keil® MDK-ARM toolchain


	Revision history
	Contents
	List of tables
	List of figures

