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« STM32Cube.Al / IDE Setup & Evaluation
* Introduction of STM32 10T node(B-L475E-I0T01A)

» Using of STM32Cube.Al at the sensor node
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STM32Cube.Al / IDE

« STM32Cube ecosystem

* https://www.st.com/content/st_com/en/stm32cube-ecosystem.htm|

L 1. Configuration -} 2. Development -} 3. Programming -> 4. Monitoring J

STM3 "\’ —y— —y— STM3 >\
CubeMX Cube!DL Cube” rogrammer CubeMonit Of Power
CubeMonitor-RF
CubeMonit Jl UCPD
* https://www.st.com/en/development-tools/stm32cubeide.html IS 77
s
3¢
sTm3>" N

CubelDE
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STM32Cube.Al / IDE

« STM32CubelDE Is

* C/C++ development platform

» peripheral configuration, code generation, code compilation, and debug features
 Integrates all STM32CubeMX functionalities

* Multi-OS support:

* Windows® STM32CuloelDE

: :2‘;2@;@) All-in-one STM32 development tool

* 64-bit versions only

TrueSTUDIO: STM32 o
+ sTM32” NP
T CubelDE

sTM32" N
CubeMX




STM32Cube.Al / IDE

 Install at C:\ST\STM32CubelDE _1.1.0

_ _ Select a directory as workspace
Welcome to the STMicroelectronics Y P

" ’ STM32CubelDE Wizard 5TM32CubelDE uses the workspace directory to store its preferences and developmeht artifacts.

lite.augmentad

Setup will guide you through the installation of Workspace: | C:#UsersttlamestWSTM32CubelDENworkspace 1.1.0 W | | Browse...
STMicroelectronics STM32CubeIDE.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your

computer, Select a directory as workspace

Click Mext to continue. ETM32CubelDE uses the workspace directory to store its preferences and development artifacts.

Workspace: | C:#DEV#30_projects#14_STWSTM32CubelDEsworkspace_1.1.0 v|| Browse..

[#[ilse this as the default and do not ask again;




STM32 IoT node(B-L475E-IOTO1A) mm

while (1) { HAL_GPIO_TogglePin(LED2_GPIO_Port, LED2_Pin);
HAL_Delay(1000); USB OTG (CN9) ) - — e USB ST-LINK (CN7)

ARDUINO Uno v3__ [ o . ) 00000 crsal o i \

(CN1) e o000l en iew ] Bl | Arduino_D[0..7] (CN3)
Wi-Fi module (M2)
SPSGRF module (M3)

USER button (B2) ’
4
, !3 ST-LINK/V2-1 STM32 (U15)
=i
RESET button (B1) e et Quad-SPI memory (U11)
2002,95,£C 3 _— a2 ¥ STM32L475 (U1)
. ¢ x K3 - - Tag connect (CN5)
32kHz oscillator (X2) + 4 8MHz Xtal (X3)
Microphone MEMS (U10)
NFC module (U8)
BTLE module (M1)
Humidity and Magnetometer (US5)
temperature sensor
3G Gyroscope and
accelerometer (U3)
PMOD connector
(CN10) Microphone MEMS (U2)
Arduino_A[0..5] (CN4)
ToF and gesture Arduino_[power] (CN2)

detection (U4)



www.mouser.com (B-L4/5E-IOTO1A)

'I l MEHOSEQ Allv | Part#/Keyword

Products = Manufacturers Services & Tools Technical Fesources Help

All Products > Embedded Solutions > Engineering Tools > Embedded Processor Development Kits >
Development Boards & Kits - ARM > STMicroelectronics B-L475E-10TO1A1

B-L475E-IOT01A1
‘_TI Mouser #: 511-B-L475E-IOTO1AT
e Mfr. #: B-LA75E-I0TO1A1
Mfr.: STMicroelectronics
Customer #:
Customer #
Description: Development Boards & Kits - ARM 16/32-

BITS MICROS
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STM32Cube.Al / IDE

* New Project Setup

Project Setup

e —
MCLU/MPL Selectc | Board Selector | Cro Setup STM32 project

Board Filters

@ E:l’ O Features Large |

Part Number Search i & -B-L4T5E10TMA

Project Name: | B-L475E-IOTO1A| |
Use default location
Location: C:/DEV/30_projects/14_ST/STM32CubelDE/workspace_1.1.0 | Browse._.

Q |B—L¢?5E—IOT[]1A STMicroele

Options

Targeted Language

»
Vendor @C ()Ces

Productis in
Type ’ Targeted Binary Type o _
(®) Executable () Static Library Unzip File : stm32cube_fw_|4 v1140 zip
MCU/MPU Series >
Boards List: 1 item Targeted Project Type
Other W (@ STM32Cube () Empty Download and Unzii selected Files
Price =53.0
®

Oscillator Freq. = 0 (MHz) Cancel
L




STM32Cube.Al / IDE =

* Running & Debugging

Create. manage. and run confiqurations

o e -+, .
CEeE X B X Name: |B-L475E-IOTO1AT Debug (1)
i ain up| % Source Common
type filter text ELY De @ Startup | B» S [ Co
4 [c] C/C++ Application GDB Connection Settings ~
[€] B-L475E-IOTOTA1 Debug (@) Autostart local GDB server Host name or IP address localhost
[t] C/C++ Attach to Application
[] C/C++ Postmortem Debugger (0 Connect to remote GDB server Port number 61234
[t] C/C++ Remote Application
[T] GDB Hardware Debugging Debug probe |ST—|_|NK (ST-LINK GDB serve
4 7 Launch Group GDB Server Command Line Options

2 Mew_configuration
= Launch Group (Deprecated)
4 [T} STM32 Cortex-M C/C++ Applicatic @swD  (JTAG LU
[EZ B-L475E-I0TO1A1 Debug (1)]

Interface

§5T—L|N|<,N2—1 v || Refresh device list

| Open in update mode

Access port: |£I' - Cortex-M4 vl

= T-Link ID: OBEBFF323338424E 43208227

Reset behaviour

Current Firrmware:

Type: 5TM32 Debug+tass storage+VCP

Type: |Sofmare system reset v|

Version: PR P
Update to Firmware: Y2134M25 STM3Z Debug+iMass storage+VCP

< >
Filter matched 11 of 11 items

@

Ipgrade

Upgrade successful,



STM32Cube.Al / IDE

Figure 1. STM32Cube MCU Package components

[ B
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Figure 3. STM32Cube Expansion Package architecture and content
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Reusad from STM32Cube MCU Package.

Must not be modified by user.

OARD REF=

1”" HAL and B

('.x':m-,, m

ation {developed using HAL, BSP, and middieware
yenls)

wWanre )

ST or user cusiom bboards can be used

User examples are organized as follows
\inc for heade
= Niles
chain-Name> joolchain preconiigu
y flles musst be deleted

red project

os: S l M32CubehX project additional settings fide
if available)
contains binary fdes named as pear this format
_BOARD REF cationN_Namea .
mxproject file: automs y genarated by RTMJ
readame. ixt descnbes the exampie bahavior an
environment to makeae it v

REF: refers to the be name O
Name: refer:

r reference

r name of

uUse PD W, WiFi or others

N Name: refers 1o the explict name of the sub

or exampile: for the WIF| application TP _Server and
= Chent applications are such sub pro -
mmended 0 define usar-friendly applicatton names
ort ambiguous names must be gvosded.

\WMedia: contans
others)

all media files (audio, videos, mages,

dme file explaining the

copyrightlicense of each used media

Expanded package

S TMIZCUDeExpanmon_FF estwel ISTMIZSesel VLY Z ). STMRECuheEparson_Featre] |[STNG2Sened VXY 2
rveeeC s _Mvesc
: E« - ). Dacurmantaton
b Dwves = 5. Dywvers
). BSS P Mddewsws
"4 L Componens 2+ . Projocts
b STMIYNor Dascovery 33 LekSen
b STMEYNoe EVAL O Relkaso_Noeo bt
) STMIITVVoordNuxcieo
) USER_BOARD REF
& 5 OnSes
STV ryyex AL Do
. N i WD STM32 CMSIS, HAL and LL drivers
3 See Reusad from STM32Cube MCU Package-

STV TosctSensng LSy
STAR USH Dewcw LBcay
STAMD USH rdamt Ltwary
td Pary
FafFe
FreeRTOS
J Madewarsti_ Nt
Progoces
L. STVYNGeDacovery
STMIEZVNe EVAL
STMIZ YN Neceo
USER_BDOARDT _Rer
I Apobcmons
) ApobcamsoeComenon Narrs
|  ApphcancelN Name
i Ssary

.
’
_
’
L Y
:
.

- n e

Must not be modified by user.

Middieware owned or licensed, and maintained by ST
Reused from STM32Cube MCU Package.
Must not be modified by user.

Middieware from third parties and open source
communities

USER_BOARD REF ApphcatonN Nurma VXY I b

EwaRw
i-—

MO A
St
SWasTMI2
eSe gy
iaFve w

- Rasae s
- e

WPC_Software. conlains afl S'W

Wols (any application
running on a PO : -

ol the SW o

linkad to the MW BCK Zﬁ'll nstancea t’h* l
oofigure th
NMiddiewar

used o
ck) which have o be prov 1 under the

Legend: - Software component inhented from
STM32Cube MCU Package

Software component from third parties or
exclusively for the developed STM32Cube
Expansion Package

MSwIE21IVY




Introduction of STM32Cube. Al

Operating Mode

Process & analyze
Train NN Model new data using trained NN

Convert NN Into

K” optimized code for MICU



Introduction of STM32Cube. Al

* Al Conversion Tool

Process & analyze
Train NN Model new data using trained NN

KR

Automatic and fast generation of an Emm

STM32-optimized library Caffe

Input your framework-dependent,

pre-trained Neural Network into the
STM32Cube. Al conversion tool

STM32Cube Al offers interoperability
with state-of-the-art Deep Learning
design frameworks

Convert NN info
optimized code for MCU

* 4 TensorFlowL ite




& -0 Audio Scene Classification (ASC)
Audio Example in FP-AI-SENSING1 Package

T ‘ ﬁ ? ﬂ

SD J classes
Audio Data capture Data stored on the device Indoor, Qutdoor, In vehicle
SD card for future learning labelling
e |
- )
NN & example _
@ dataset provided
-
Embedded audio Inferences running Inference result

pre-processing on the microcontroller displayed on mobile app




& @. Human Activity Recognition (HAR)
Motion Example in FP-AI-SENSING1 Package

AT —

SD
Motion Data Capture Data stored on the device Stationary, walking, running,
SD card for future learning biking, driving labelling
.
NN & example _
dataset provided
Embedded motion Inferences running Inference result

pre-processing on the microcontroller displayed on mobile app




Image Classification
Vision Example in FP-AI-VISION1 Package

o -0

Enjoy the food classification demo Full end-to-end optimized software example

+ Default demo based on 18 classes = from camera acquisition to image pre-processing before feeding
(224x224 RGE pictures) the NN

- Several camera image output size possible = Multiple memory mapping possibilities to optimise and test

impact on performances
» Retrain this NN with your own dataset

+ Quantize your trained network to optimized inference time and
memory usage

NN & example
dataset provided —

S5TM3Z HT

Embedded image Inferences running Inference result
re-processing (SW)on  on the microcontroller displayed on STM32H747
Y/ P g y

augmented the STM32H747 Discovery board LCD display




Using of STM32Cube.Al

* https://www.st.com/loTnhode (B-L475E-IOT01A1)

loTNode
Sub-1GHz Dynamic NFC Tag

-t

Process & analyze

Capture data new data using frained NN

>

More debug capabilities
* Integrated ST-Link/V2.1
» PMOD extension connector
» Arduino Uno extension connectors


https://www.st.com/IoTnode

Using of STM32Cube.Al

- X-CUBE-AI core engine

]
.-__.-" -
P “‘“—-,
v w ~* only three simple parameters :E;mﬁii;::::;t?:ge
g jon f dSTM
s (name, compression factor, targeted STM32) inference AP
pre-trained NN model “'
(DL toolbox dependent) i ! |
. generate | “n
| e N s C-code generator : > | =
¥ i - 5 i !
mporter (optimizer) | ;
topology, weights / bias . DL toolbox 4 7 : oo
’ . dependent l idati l
parameters | depe Validation | -
| J engine |  report
stm32ai '
CLI DL platform g .
(CLI) independent Complexity
g report
%0
I-‘:-'_] Optimized NN kernel runtime libraries o external tool dependency
target dependent: STM32 Arm® Cortex®-M, IDE - Windows®, Linux™, macOS

. host environment



Using of STM32Cube.Al

« X-CUBE-AI overview

32b floating point and
8b integer point

Al client/app layer

N x independent
DL model files

Tensor input | tepology: dnn, crnn, cnn, Tensor output

e )
. activation & weights/bias .
shape: b,h,w.c format: 32b floating point shape: b,h,w,c

type: float, i.ntﬂ, and 8b integer point type: ﬂ?at, int8, generate /
uint8 uint8 deploy

CMSIS-NN/DSP

i

X-CUBE-AI run-time




Using of STM32Cube.Al

« Library source tree view




* Installing

- X-CUBE-AI

Using of STM32Cube.Al

0| workspace_1.1.0 - Device Configuration Tool - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run  Window Help

N-HR - Q- BN Q@S E- S f-G - @I FETIHF e (2D
k5 Praject Explorer &2 = B [ B-L475E-I0T01A1ioc s:g] [€] main.c [ main.h

BES ¥

] stm32l4xx_hal_gpio.c

[€] stm32l4xx_hal.c

Finout & Configuration Clock Configuration

4 m B-L475E-ICTO1AT

b 44, Binaries Additional Software > Pinout
-Pack details
Name #-CUBE-AI ~Packs
Vendor STMicroelectronics Ll':v) m N, Collapse all
Version 41.0
A Artd bo Exvork Pack / Bundle / Component E-F.
e e ! Y ||+~ STMicroelectronics X-CUBE-A 410
~Warnings (1) o Artificial_Intelligence_Application
E] This pack is not installed on your computer. Application @ 1573778596
't embeds STM32CubelX specific content. fendor v «  Aificial_Intelligence_X-CUBE-Al
You must install it to configure it
and generate code : . Core @ 1673778596 ..
icroelectronics
j > STMicroelectronics X-CUBE-BLE1 4400
p STMicroelectronics X-CUBE-GMNS51 310
Soft C t Cl hd
e > STMicroelectronics X-CUBE-MEMS1 7.0.0 4
[ Artificial Intelligence ) - Component dependencies

Pack STMicroelectronics X-CUBE-Al4.1.0
Cannot show dependencies at bundle level

[ Board Component
(] Board Extension
(] Board Support




Using of STM32Cube.Al

Additional Software ~ Pinout

L STMicroelectronics X-CUBE-Al 4. 1.0 Mode and Configuration
Mode

Categories

Artificial Intelligence X-CUBE-A

System Core >
Arificial Intelligence Application
Analog >
Timers 5 Configuration
Feset Configuration Add network
Connectivity >
networl

Multimedia > -Model inputs

network:
Security >

Keras ~ |Saved model
Computing >

Model: HESTMEECube_AIEHAF&-CNN-HEras-master‘nmniel.h

Middlewa > P

4 L N N &N &N §B &N B & _§N _§N _§N | [ § N N N N & _§N _§N _§ 32

~ ( ) g et |
1 https://github.com/

Compression:

Shahnawax/

Walidation inputs: |[Random numbers ~

Validation outputs: [None  ~ I‘ HAR'CNN'KeraS

STMicroelectronics

.




5 Project Explorer &3 ¥ =

By Using of STM32Cube.Al

- 44, Binaries SI n g O u e .

b il Includes

P core I

s ifici i . )

¥-CUBE-Al N\ Artificial Intelligence X-CUBE-AI
e \ network
Artificial Intelligence Application
[ 4= App I
| » | app_x-cube-ai.c I
: = k| app_x-cube-aih
I [» % network_data.c 7 Reset Configuration lh?e::r?"le:input_ﬂ
| [ network_data.h M- Type: Input
| » [€] network.c
: [ % network b I validation outputs: |None Conv2D
=| network _gerﬂate_repm'{ ID: 0
: . [A constants_aih g Complexity: 874970 MACC %ap”;%;m‘%‘i
i b - I Flash occupation: 794_14 KBytes
: » = Debug § RAM: 2458 Kbytes
| “ (= Middlewares i Achieved compression: - Nonlinearity
I 4 = ST I Analysis status: done ID: 0
. Mame: conv2d_1_nl
| 4 [= Al | Evaluation status Acc RMSE Type: Maonlinearity
i b B Inc I x86 C-model -
\\ 4= Lib /, stm32 C-model -
LT T F P

original model -

X-cross 100.0% 0.0000000.

L2R: 5.83400102e-08

o1
Mame: max_pooling2d_1
Type: Fool

Delete netwo

N\

Show graph

Validate on desktop

Validate on target




Using of STM32Cube.Al

+ Coding
/lapp_x-cube-ai.c
void MX_X_ CUBE_AI_Init(void)
{
Al_ALIGNED(4)
static ai_u8 activations[Al_NETWORK_DATA_ACTIVATIONS_SIZE],
ailnit(activations);

}

void MX_X CUBE_AI Process(void)
{

}

[* USER CODE */

//main.c
int main(void)
{
MX_X_ CUBE_AI_Init();
MX_ X _CUBE_AI_Process();
while (1) {
HAL_GPIO_TogglePin(LED2_GPIO_Port, LED2_Pin);
HAL_Delay(1000);



Using of STM32Cube.Al

Confusion Matrix

* Output %age confidence o0
i N I 16 13
- https://github.com/Shahnawax/ ounstars .
HAR-CNN-Keras _  logoing
E Sitting - B0
=
= Standing - L A0
G
Upstairs | | 20
Walking - o 0
I I I I I I]
A& £ Cn, = -ﬁ‘:}
LY. S - & a3 :
Fo orF ¥ &
5
&9 f g @

Predicted Values


https://github.com/Shahnawax/HAR-CNN-Keras

Running
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