Tiny Machine Learning Workshop for
STM32L5 - Digit Recognition
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B xoe AaHHOro BOpKLUOMNa Bbl CMOXETE:

1. HayuuTbcs ucnonb3oBaTb MHCTPYMEHTHI AN yAaneHHon paboTsbl ¢ nnatamu
cepsuca https://all-hw.com/

2. O6yunTb HEMPOHHYIO CeTb C NoMoLLbio 6ubnmotekn TensorFlow n cepsrca Google
Colab ansa pacnosHaBaHUSA pyKONUCHLIX Lndp

3. [MoprotoBuTb NPOLUMBKY C OOYYEHHOW HEMPOHHOW CETbLIO AnNsi MOCTaBKM Ha
MUKPOKOHTPOMMEpP C NOMOLb0 UHCTpyMeHTa STM32CubeMX n nakeTa paclumpeHus X-
CUBE-AI Pack

4. YpaneHHO 3anyCTUTb NOJSly4YEHHY HEMPOHHYIO CETb MyOOKO 00y4eHUs Ha
MUKPOKOHTpOMMepe 1 NpoBeputb ee paboTy Ha COBCTBEHHbIX NpUMepax
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NMnaH BopkKwona

1. [loaroToBKa OKPY>KEHUS Ha foKallbHOW MallvHe - HeobXxoanmble AENCTBUS NO yCTaHOBKe
nporpamMmm un ytunut, XenartesnbHO caenaTtb 40 BOpKLona, 4yTOObI HE TpaTUTb BpeEMA

2. OGy4yeHue HeNPOHHON CeT AN pacnosHaBaHUs UMAP - BbINOHUTL 0ByYeHKe 1 NPOBEpPKY
HEWPOHHON CEeTW ANsi pacrno3HaBaHWs PYKOMUCHBLIX Lndp

3. CospaHvie npowvekm Ans nnatbl ¢ nomoubio CubeMX X-CUBE-AI Pack - nowarosas
noAroToBKa MPOLUMBKN C 0BYYEHHOW HEMPOHHOW CEThLIO AN NOCTaBKW Ha nnaTty

4. Wcnonb3oBaHue cepBuca all-hw.com ansa pacno3HaBaHUSA PYKOMUCHbBIX LIMADP - mocTaBka n
3anyck nnaTbl C MOArOTOBIEHHOW MPOLUMBKOW AS1S MPOBEPKM KavyeCTBa pacno3HaBaHUA

umdp
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https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html
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f. Tocne aBTopusaunmn 6y,qu AOOCTYNHbI NNaTtbl ANna apeHabl 1 NCNOoJ1b30BaHUA

2. CkavaTb 1 yctaHoBUTb STM32CubelDE c cainta

npouseoauTens https://www.st.com/en/development-tools/stm32cubeide.html
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Board reservation ends in: 00:59:35

Connection and Tools

@ Board Reservation o0  The board STM32L562E-DK #2 has been successfully reserved for you.

® The countdown for your reservation is above. You can cancel it at any time or extend it during the last 15 minutes of the reservation. A button will appear next to the countdown at X
this time offering an extension. The extension can only be requested once per reservation.

@3 Connection and Tools O ® On this page (Connection and Tools), you can download a demo project and set up your IDE and other tools. If desired you may skip this step for now and return to it later. The next X
page (Video and Interaction) will show a video stream of the board and some instrument controls to allow you to interact with the board within the browser. To navigate the pages
use the panel on the left.

First of all, let's check your network environment
[ videoand interaction  ©

This is required to make

u can interact with the remote board not only via browser, but also via your locally installed tools, like IDE/debugger/etc. Checking... Done

© Result:Everything 3

Demo Project / Default Firmware

he project is the frst step in
n

& Make sure that you read readme.bt in the package and perform all of the instructions detailed withir

< ¥ Download demo project

YBeoutbcs, 4To pesynbTaT npoBepkn - Result: Everything is working.

Mo ccobinke https://all-hw.com/app/download/STM32L5_Demo.zip ckayaTb
MPOEKT C AeMO-NPOLUNBKOW K NfaTe (3To NpocTasi AEMOHCTPALMOHHas

npoLunBka, 6€3 HEMPOHHOW CeTU, KOTopas AEMOHCTPUPYET BO3MOXHOCTHU
cepBuca no yganeHHon otnagke nnatbl)

Mo ccbinke https://www.st.com/content/st_com/en/products/embedded-
software/mcu-mpu-embedded-software/stm32-embedded-software/stm32cube-
mcu-mpu-packages/stm32cubel5.html ckayats STM32Cube MCU Package for
STMB32L5 series - nakeT cOAEPXUT OCHOBHbIE HU3KOypoBHeBble APl ang
B3aMMOAENCTBMS U paboThbl ¢ nNnaTon



https://all-hw.com/app/download/STM32L5_Demo.zip
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4. 3anycTtuTb NPOEKT C 4EMO-NPOLUNBKON

a. PacnakoBatb nanky n3a STM32Cube MCU Package B nio6oe ygobHoe mecTo
Ha Bawwem komnbtoTepe (<Packet_Folder>)

b. Tepeitn B <Packet Folder>\STM32Cube FW_L5 V1.4.0\Projects\
STM32L562E-DK\Examples

c. PacnakoBaTb NpOEKT C 4eMO-NPOLLNBKOM B Nanky ¢ npumepammu
(<Packet_Folder>\STM32Cube_FW_L5 V1.4.0\Projects\STM32L562E-DK\
Examples)

d. TMepentn B nanky STM32L5_Demo\STM32CubelDE v 3anyctutb npoekT ¢
nomoupto STM32CubelDE

e. B IDE B npoekte nobaeutb cannsl B nanky STM32L5xx_HAL_Driver (MoXxHO
nepeTawuTb U3 NPOBOAHMKA U BbIOpaTh onumto Copy):

m -- <Packet Folder>\STM32Cube FW_L5 V1.4.0\Drivers\
STM32L5xx_HAL_Driven\Src\stm3215xx_hal_uart.c

m -- <Packet_Folder>\STM32Cube_FW_L5 V1.4.0\Drivers\
STM32L5xx_HAL_Driver\Src\stm3215xx_hal_uart_ex.c

- STMI2CubelDE

0-Q-i® - cHree-o-me

¢ @amSoitc  [Boppxcbesic [ aVeidsionc 11 [0 smioch. (B pbdecodec %%

PP VERSION.MAIOR._
PP VERSION, MINOR_

ebuglsunch
o STM3AR20EHQ FLASHIS
el

[ Cubets

G /BSP/Divrs/STM2L50x_HAL Diiver

g. CobpaTb npoekT komaHgon ns meHio Project/Build all



h.

[ workspace_1.6.1 - Cubel 5/Sec/aiValdation.c - STM32CubelDE.

-8 x
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:»:mmvms« > int aivolidationProcess(void) U sipiatfomh

int s

] s Atomascaly
[T 5 ante0s
e ; v o s, o

Generste Report

Generae Code

Properties

;s
Printé("| READY to receive 3 CD from the FOST... [\ra");
)

;.

Printf("s Note: At this point, default ASCII-base terminal should be closed\rin");

Printé("s and & stas2con-base interface should be used\\n");

primCe Cive. Pvthon senszcon soduie). Protocel version < ke,
Enumversion_pve )

Eremver ston- P VERSTON HTIORS 5

[ —
.Smwmm el
1

a1PbrgrInit(pbCadFuncrab)
o (

'+ aipbigriaitandprocess();
) while (rese);

void aivalidationbelnit (void)

printFC\);

@
atoeni . wacmaummmnmqmg rephi v

PrintFC bye L AW); = o aPbCmdNNRun(comtreshlg’ resphi
) 4 et spscront
, sidatonitveid) o
s R AS < 5
> [ Cubets
(22 Proiems & Tsks @ Consoe 11 [ Properies $o@ER-&ME-0--0

ot Conlo)
* Increnental 8uild of configuration Debug for project 858 ++

g e e
350 6P e1t
Fintshed butiding: deraute sive-stdoot

16:38:48 Build Finished. O errors, O warnings. (took 1s.140ms)
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@ The setup guide may refer to the terms "project’, "IP" or "port”. You can download a demo project from the link in the
inthe "Session information” section below.

mo Project / Default Firm

re" section above and then find IP and port information

[Ei} soardreservation 0 gy W@
CubelDE

Session Information

This information may be required to setup your IDE and other locally installed tools.
@3 Connection and Tools O
Device name:  STM32L562QE! 1P-address: 783724188 (] Terminal: - UART connected to ST-Link serial
Debugger:  STLink GDB Port 16047 [

Virtual COM Port Configuration

B Video and Interaction O This board supports the ability to bring the UART port of the remote board to your local PC as a virtual COM port. Thi
the first link below.

ature is currently supported by Windows only. All details are provided in the manual at

@ How to use Virtual COM po

¥ Download Virtual COM port configuration file

# Download vinual COM port apglication
OpenVPN Configuration

In order to work through our VPN server, which may be required if some ports are not available in your network environment, use the information below.

&«

e OpenVPN

k. B STM32CubelDE BbibpaTb nyHKT MeHo Run/Debug configurations
I

[ workspace_1.6.1 - Cubel 5/Sec/aiValdation.c - STM32CubelDE.

- 8 x
Fle Gt Source Reacor Negte Seuch Prsect | Ran] Window Welp
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TrintF(-] R to raceive o G0 from the FOST... I\ :
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Remove AN Bresgints o) >
& Erespont PrANtF("2 Note: At this point, default ASCII-base terminal should be closed\r\n®); net exec_ctx
Q EtemalTooks S PriNté("2 and & sta32con-base interface should be used\r\n"); .Smwmm sl

primCe Cive. Pvthon senszcon soduie). Protocel version < ke,

Enumversion_pVERSION A3
st RS HTIOn 5

a1PbrgrInit(pbCadFuncrab)

X3

1PbigriiaitandProcess();
) Whide (rese);

o} secaton m.m» eT——
e © aBoctstplatuct s etwork eec e, cons
ootA/s i s BORT (G5 .S,umm.a) ot
printeC\ew); S Soceis
S0 o whcmawmmp(annveqmg et
FintfCbye bye <. \r\n"); = o aPbCmdNNRun(comt e
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o smsllsszqi\xqmsu o , o stoidsioninitoid): nt o
5 I Cub e e
(22 Proiems & Tsks @ Consoe 11 [ Properies $o@ER-&ME-0--0

ot Conlo)
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Fintshed butiding: deraute sive-stdoot

16:38:48 Build Finished. O errors, O warnings. (took 1s.140ms)
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m.

[I Debug Configurations ]
‘Create, manage, and run configurations
EREED) | BT - Configure launch settings from this dialog:
| type filter text || - Press the 'New Configuration' button to create a configuration of the selected type.
C/Ces Applicstion # - Press the 'Mew Prototype’ buttan to creste a launch canfiguration prototype of the selected type.
PP type g pr type type
C/C++ Attach to Applicati
[£] C/Cr+ Attach to Application & - Press the ‘Export’ button to export the selected configurations.
[E] C/C++ Postmortemn Debugger
[E] C/C++ Remote Application - Press the ‘Duplicate’ button o capy the selected configuration.
[£] GDB Harduware Debugging 3 - Press the 'Delete’ button to remove the selected configuration.
A Launch Group
# Launch Group (Deprecated) 7 - Press the ‘Filter' button to configure filtering options.
[ ST32 Cortex-M C/C+ Application - Edit or view an existing configuration by selecting it.
L] - Select lsunch configurstion(s) and then select 'Link Prototype’ menu ftem to link » prototype.
[ - Select launch configurstion(s) and then select ‘Unlink Protetype’ menu item to unlink a prototype.
8] - Select launch cenfiguration(s) and then select ‘Reset with Prototype Values' menu item o reset with prototype values.
Configure lsunch perspective settings from the ‘Perspectives’ preference page.
Filter matched & of 9 items
@ Debug Close
n. Beibpats STM32 Cortex-M C/C++ Application, HaxxaTb NpaBoi kKnaBuLlei, BO
Fie Eh Soce Rector N s . Wi iy
= A A A A [ Trwrseem— o LRIl
B priection 1 = 0] 5 Oute 33| © i g -5
o Create, manage, and run configurations - BRR o % §
. .
i
ERBEXIBY - Configure launch settingsfrom tis daog: bap.ain
Speieier o s
@8 £ /e Applation [B. -Fres the NewPrototype! button to creae a launch configuration pofotype of the selcted type. s_datatypesntemaln

5] C/C++ Attachto Appiction

I STM32 Cortex M C/C+-+ Applictin=

(& 3250 fmc.c
> (& stma2tso sdmme
» @ Bomple

g Fitermatched 3 o Stems

@

£ - Pres the Export buttonto exportthe selected configurations.
~Pressthe Duplicte button o copy the seected configuration.
X -Pressthe Delete button o remoetheseected configuration.

7 ~Pressthe Fiter buttonto configure itering options.

Debug Close

core commanh

_APP VERSION.MAIOR_
PP VERSIONMINOR_
P

tecepeprnRRREEEEEEE

P prnsysicne. i
NewPrtbpe okt et ik .

‘& Export. ) and then select ‘Unlink Prototype' s
;;‘l:‘ ) and then select Reset with Prototype Volues' menu item to reset with prototype values.
e * dmoniis
o ol ciconst i, ot o)

o sPbCmdNNRun(coms reqig” resphsg, ¢
% pbCmdunctab: s7bCmdrun |

& uites
i STMAZLSRQENQ FLASHAY
el

mo

COTBuild Consol E5P).
16:38:43

Finished butlding: default.size.stdout

Problems ) Tsks @ Console 17 7] Propertes
Incremental 8uild of configuration Debug for project 856 *+*

dec hex filensme
350 osp.e1f

16:38:44 Bui1d Finished. © errors, @ wornings. (took 12.180ms)
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p. Ha Bknaagke Debugger BbibpaTe Connect to remote GDB server

| #8-3-=0




r.

S.

g.

[I Debug Configurations

Create, manage, and run configurations

FeEX BT~

[ type fitter text

Name: | BSP Debug

[E] Main (%% Debugger .= Startup | 1+ Source| [5] Common

[E] C/C++ Application GDE Connection Settings ~
% E"E“ J:fta‘h to AFF‘D‘“;“D" O Autostart lacal GDBserver  Host name or IP address
{C++ Postmortem Debugger _ .
[£] C/Ce+ Remate Agplication @®Connect to remote GDB server Port number 61234
[5] GDB Hardware Debugging
£ Launch Group Debug probe | ST-LINK (ST-LINK GDB server] ~
# Launch Group (Deprecated) GDB Server Command Line Options
vEﬁTngzs go:eer €/C++ Application I
ebu
d @ 5w Omé
ST-LINK S/N Scan
Frequency (kHz): Auto
Access port: 0- Cortex-M332
Reset behaviour
Type: | Software system reset
Serial Wire Viewer (SWV)
[JEnable
Clock Settings
160 v
Reyert Appt
Filter matched 9 of 10 items = EEY
@ Close
[T Debug Configurations m] x
Create, manage, and run configurations ﬁ
FRPEX|BY- Name: | BSP Debug
[typefiter text || (& Main (%5 Debugger i Startug| & Source| [] Common
[E] C/C++ Application GDE Connection Settings -
% E"E“ J:ff“h to AFF’D“‘;“W O Autostart local GDB server  Host name or [P address | 78.37.24.188
/C++ Postmortem Debugger
o (® Connect to remote GDB server Port number 18047
[E] C/C++ Remote Application
[£] GDB Hardware Debugging
7 Launch Group Debug probe | ST-LINK (ST-LINK GDB server)
- Launch Group (Deprecated) GDB Server Command Line Options
vEémgii Eurbtex-M C/C+ Application .
=22 @ swD O ImG
ST-LINK S/N Scan
Frequency (kHz): Auto
Access port 0- Cortex-M33
Reset behaviour
Type: | Software system reset
Serial Wire Viewer (SWV)
[ Enable
Clock Settings
16.0 v

Filter matched 9 of 10 items

7
@

Revert Apply

Close

3aI'IyCTI/ITb Debug, [oxXxpaTtbca HUMUManmn3aunm otnaaku, otnagka

NPNOCTaHOBUTCA B TOYKE OCTAHOBKM MO yMOJ14aHUIO, Nocre 4ero HeobxoaumMo
HaXaTb Ha KHOMKY NpoAOJIKeHUA OTnagkum

B pes3ynbTaTte - NPOEeKT 3anyCcTuTcd C }J,eMOHCTpaLlMOHHOVI l'lpOLLIVIBKOVI B

pexnme yp,aneHHoﬁ OoTnagku

Ha Bknagke Video and Interaction MoxxHO HaGnogaTh 3a 3KpaHOM NnaThl U
B3aMMOAENCTBOBATb C NSiaTon Yepes TepMuHan
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Board: STM32L562E-DK #2 Switch the board's power: @)

[} soardReservaton o ‘ UART Terminal | Virtual Sensor &

@ Connection and Tools O

IE] Video and Interaction O

CkavaTtb 1 yctraHoButb STM32CubeMX ¢
caunTa npomssoguTens https://www.st.com/content/st com/en/products/development-tools/

software-development-tools/stm32-software-development-tools/stm32-configurators-and-
code-generators/stm32cubemx.html

a. [lpu 3arpyske notpebyeTcs nnvm NPOWTU perncTpaumio Unmn 3anofHUTb AaHHbIE
C OEeNCTBYIOLLNM aapecoM 3MEKTPOHHOM MOYThI, HA KOTOPbLIN NpUaeT cebifika

AN cKaumBaHus
b.

3
J ST STMSZube . X |k

€>c0@

£ Cepmuc o Bookmarks | @) SHODAN - Comput. 7 Alop Xocrasr @ Kpyasnicoss Teu.

Lys

i Products

@ Perucrpousn o6pa. @ Banommurs dopuy T TemsorflowLie

ougmented

# Soltions  § Tools & Softy

® Applications

Get Software

H B iz
c. CkayaTb NOCrneaHO BEPCUIO A5 BalLen onepaumMoOHHON CUCTEMBI

d. PacnakoBaTb apXuB U BbINOJTHUTb YCTAHOBKY MO wWaram u3 ncnofiHaemMmoro
davina

6. YcraHoButb nakeT X-CUBE-AI B npunoxeHun STM32CubeMX yepes ynpaBsneHue
nakeTamMmu AoNoJTHUTESIbHOro nporpaMmmMmHoro obecneyveHus

a. 3anyctutb npunoxerHne STM32CubeMX, B BepxHeM MeHI0 HaxxaTb Ha Help, B
BbiNagaroLlem cnucke Boibpate Manage Embedded Software Packages


https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html
https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html
https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html

C.

b.

[ STM32CubeMX CubeSLioc": STM32L562QEQ STM32LS62E-DK 2 o x
°
s ® o Wicou o ® oY x &7

=,
Manage embedded software packages Aty

Last modifed date - 18/05/2021 16:29.08 project from MCU

Existing Projects. Manage software installations

Recent Opened Projects Check for STM32CubeMX and embedded software packages updates

'AGCESS T0 MU SELECTOR Instal or remove embedded software packages

[ st /rewove |

Testioc
Last modifid date : 180572021 17:26.02

CUBESL_UART.ioc
Last modiid date - 180572021 16:56.47

Other Projects
'AGCESS T0 EXAMPLE SELECTOR System view to
control your IP and
Middleware
. assignment to core
or contexts
°
@ mousin P erna o
[« e = ® B = o nb

Hanitu B cnucke X-CUBE-AI, packpbITb, BbiOpaTh M YCTAHOBUTbL MNOCMEAHION
BEPCUIO MO Luaram

d.

Help " GENERATE CODE

i E STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 21 hours ago.

&7 STMicroelectronics

m Embedded Software Packages Manager X

(| status | Description | AvailableVersion

¥ X-CUBE-AI

[ ] Artificial Intelligence 6.0.0
m} Artificial Intelligence (Size : 24.77 MB) 520
[m| Artificial Intelligence (Size : 23.42 MB) 512
Details

Release version - 6.0.0
Release information -

rtificial Intelligence Pack version 6.0.0 for STM32 Cortex M7, M4 and M33 MCUs
hat's new in this release:

- add support of code generation with TensorFlow Lite Micro runtime

- new operators: ONMX 20+, TFLite 20+, KERAS Lambda/Custom

7. YcrtaHoBuUTb yTvnuty aAnsa npobpockn UART nopTa yaaneHHoW nnatbl Ha BUPTyarnbHbI
COM nopT nokanbHOM MaLUUHBbI

a.

Mocne BbinonHeHus waroe a-h nyHkra 3 ns pasgena Connection and Tools
Heobxoammo ckavaTtb Virtual COM port application
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[ R 5 s
€ > C { @ all-hwcom/app/#/connection
3 Cepaucs  Hr Bookmarks @ SHODAN - Comput.. 7 AibxopXocrawr @ Kpywmcrwa Texwn.. @ Perwcrpauss obpa.. @ 3anomwums gopuy ‘' Tensorfiow Lite

Logout

Alexander

[WEHARDWARE|  Boards Forum  Contacts

Board reservation ends in: 00:59:03

inthe “Session information” section below.
N
"
stmz>”
CubelDE

[} soardReservaton o
Session Information

This information may be required to setup your IDE and other locally installed tools.

ne: L5620E! P - address:  78.37.24.188 (I Terminal: - UART connected to ST-Link serial

Device 3
I @3 Connection and Tools O Debugger: STLink GDB Port 16085

Virtual COM Port Configuration

This board supports the ability to bring the UART port of the remote board to your local PC as a virtual COM port. This feature s currently supported by Windows only. Alldetails are provided in the manual at

thefirst link below.

[3) videoandinteracton O g o

OpenVPN Configuration

In order to work through our VPN server, which may be required if some ports are not available in your network environment, use the information below,

ﬁ Loein = uncutt

C. YCTaHOBUTb YTUMMUTY M3 UCMOMNHAEMOro dalna no waram, nepesarpysuTb
KOMMbIOTEP NOCHe YCTaHOBKM

d. Tenepb npu apeHae nnaTbl MOXHO CKauMBaTb KOHUIypauuio s
BupTyansHoro COM nopTa (4ns kaxagown nnatbl CBOsi KOHUrypauus,
ckaymBalnTe ee Kaxablln pa3 Npu apeHae nnatbl) U 3anyckatb C HEN YTUNNUTY

e. 3anyctute yTunuTy U3 MecTa Ky[a Bbl €e YCTaHOBWAM (Ha3BaHue no
ymonyanuto ALL-Hardware), oHa nosBMTCA CUCTEMHOM Tpee naHenu 3agad

(vkoHKa 3eneHoro LBeTa)
f.

g. [lpu HaxaTumn npaBon knNaeBuwn Ha ukoHke ALL-Hardware nosiBUTCA MeHio B
koTopoMm Yepe3 Open MOXHO BbIOpaTb HY>XHYI KOHMrypaLuio

11



DWMTL HaB

i. Bblbepute dann c koHurypaumen, ecnm Bce caenaHo BepHO, TO Npu
NMOBTOPHOM HaxaTum Ha UKoHKy ALL-Hardware Bbl yBMAMTE NOOKMIOYEHHbIE
BupTyansHble COM nopThl

j-

k. Tenepb 3TV NOPTbI JOCTYMHbI Ha JIOKanbHON MaLUWHE Kak CUCTEMHbIE, MOXXHO
NMPOBEPUTL B ANCNETYEPE YCTPONCTB
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% [mcneruep ycTpoiicTe - O X
Daiin  Jeiicteme  Bua  Cnpaeka
e @ BE B
~ & kiporov
& Buaeoapantepel
3 Bcrpoennoe MO
= JMCKOBBIE yCTpOIiCTER
i 3BYKOBbIE, UITPOBbIE W BWAEOYCTPOCTER

Knaenatypel
B Komnowente nporpamunore oBecniedenna

@ Komnerotep

=@ Kontponnepe: IDE ATA/ATAPI

i Kontponnepe USE

S KoHTponnepe! 3anomMuHaroLLmx yeTpoiicTs

[ Monutopsl

8 MBILLIN W MHBIE YKA3EIBAHOLME YyCTpoicTEa

M Ouepeau nevatn

w ﬁ Mopre (COM u LPT)

ﬁ ALL-HW VirtualSerial Device (COM3)
ﬁ ALL-HW VirtualSerial Device (COM4)
ﬁ MocnegoearensHeiii nopt (COM1)

™ Mocraewme nevatn WD

= MpunTtepe:

B Nporpammnee yerpoiicrea

] Npoueccops

[ Cetesble aganTepel

¥@ Cucrembrie yorpoiictea

Yerpoiicrea HID (Human Interface Devices)

= Vernniirtra nBnafnmis uanfnaweniii

m. Ha canTte cepBuca C yaaneHHo nnaTon nocrne NogknoyYeHns yTUnmThbl B
pasgene Video and Interaction moxHo yBuaeTb, Yto UART TepmuHan
HeJOoCTyMneH, MOCKONbKY Tenepb OH NpobpackiBaeTcsi Ha BUpPTYyarbHbii COM
MOpPT NOKarnbHOM MalUWMHE N NPUHUMAET NOAKIMIOYEHUS Yepes Hero

| = e e e S A T T I

€ > C (0 @ all-hwcom/app)
£ Cepmrc ok Bookmarks @) SHODAN - Comput.. 7 AcpXocrasr @ Kpyammiosa Teown.. @ Pervcrpaus obpa.. @ anomums dopuy T Tensorflow Lite Boyrve soxsaa

[Y¥BHARDWARE|  Boards Forum  Contacts Alexander ‘Losour

Board reservation ends in: 00:37:56

Board: STM32L562E-DK #2 Switch the board's power: @)

[} soardReservaton o ‘ UART Terminal | Virtual Sensor &

@ Connection and Tools O

IE] Video and Interaction O

B sessa7ioponsalihu A

0. BaxHo! Npu kaxxgon HoBoW apeHae He0bX04MMO 3aHOBO CKaunBaTb
KOHGUrypauuio gns yTUnuTbl U UCNONb30BaTh €€ A1 NOAKMIoYEeHUs
BupTyansHoro COM nopta
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OOy4yeHne HeMpPOHHOM ceTu Aang
pacno3HaBaHUA UNp

[ns pacnosHaBaHus LMdp Ha MUKPOKOHTposepe Mbl Byaem ucnonb3oBaTh MOAENb
HEeMpOHHOI ceTu. Ty Moaernb HeobXoAMMO NPeaABapUTENbEHO NOArOTOBUTL ANS
pa3BopaYMBaHUS Ha apXUTEKTYPE MUKPOKOHTpOepa.

[ns nogrotoBku 1 HOpMMPOBaHUSA MOAENMN HerpoceTn Mbl Byaem ncnonb3osatb 6GMbnMoTeky
TensorFlow Lite ans MMKpoKOHTpoONnepos.

MoaroToBka HEMPOHHOM ceTn ByaeT COCTOATb M3 CreAyoLLIMX STanos:
1. OO6y4eHue mogenun HeMpoHHOW ceTn

2. TlpoBepka paboTbl MOAENN HEVNPOHHON CeTU

3. [lpeobpasoBaHune mogenu K Tpebyemomy copmaty

Mocne yero mofenb B TpebyeMom chopmaTe GyaeT rotoBa Ansl pasBopaynmBaHus Ha
YCTPOICTBE MUKPOKOHTpOI epa.

O6yyeHne Mmofeny Ha MMKPOKOHTpOINIepax noka He nogaepxmeaetcsa onbnmnorekon
TensorFlow Lite, noatomy ansa oby4eHus Mbl Bocnonb3dyemMcsa cepBmcom ot Google -
Colaboratory, unu npocto Colab.

Colab, nossonseTt nucaTb 1 BINONHATL kog, Python B 6paysepe. MNpn atom:
@ He TpebyeTca HMKAKOW HACTPOVIKMK;

@ Bbl nNonyyaeTe GecnnaTHbIA JOCTYN K rpadmMyecknm npoueccopam;

@ npefocTaBnATb AOCTYN K AOKYMEHTaM OPYrM N0AsM OYEeHb MPOCTO.

[ns ncnonb3oBaHust Bcex BO3MoXHocTen Colab He0OX0AMMO BOWTU C MOMOLLbHO Y4YETHOM
3anucu Google.

Mel nogrotoBunu 6nokHoT (HOyTOYK) Anst Colaboratory B koTopom nogpo6HO onucaH npoLecc
00y4yeHuss mogenu HeMpoHHOW ceTu. [laBante BOCMONb3yEMCS UM.

@ brnokHoT anga rny6oko 0byyYeHnsa pacno3HaBaHUSA PYKOMUCHbLIX LMAP

BriokHOT (HOYTOYK)

Jupyter Notebook — 310 kOMaHgHas obonoyvka Ans MHTEPaKTUBHbIX
BblYUCNEHUN. DTOT MHCTPYMEHT MOXET MCNOMb30BaTbCS He Torbko ¢ Python,
HO K Opyrnmu sidbikamu nporpammunpoBanus: Julia, R, Haskell 1 Ruby. OH
4yacTo ncnosnbadyeTcsa Anga paboTbl C AaHHBbIMU, CTATUCTUYECKUM
MOLENMPOBaHNEM U MALLUNHHBIM 0BYyYeHneMm.

[na atoro:

@® [lepengem B cepBuc Colaboratory, Ha Bknagke 3arpyantb HY)XKHO BbIOpaThb
npeaBapuTenbHO CKaYaHHbIN GIIOKHOT
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https://colab.research.google.com/drive/1-dbrTLs1joqQU8ckJKikvhk87grtsOw5?usp=sharing
https://mir.dev/confluence/download/attachments/76452232/%D0%9E%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5_%D1%81%D0%B5%D1%82%D0%B8_%D0%B4%D0%BB%D1%8F_%D1%80%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%D1%86%D0%B8%D1%84%D1%80.ipynb?api=v2&modificationDate=1621405403329&version=1
https://colab.research.google.com/
https://colab.research.google.com/
https://colab.research.google.com/
https://colab.research.google.com/
https://colab.research.google.com/
https://colab.research.google.com/

[(o Botpo nexarosars s Colsborst. X |LcH) .
¢« >cn@ a % oo en»=@:

! Ceponcs K Bookmarks @ SHODAN- Comput.. 4 Afbop Xocwer @ Kpywmcmma Texwn.. @ Pervcrpounn ofpa.. @ 3enomwms éopuy 7 TensorFiow Lite Boyrve socsoncn

BuGepiTs Gain | oain we sudpan

CO3MATH BIOKHOT  OTMEHA

Mocne 4Yero chann OTKPOETCSA 1 B HEM MO LLAram Bbl CMOXETE CO34aTb M 00y4MTb CBOIO
HEMpPOHHYIO CeTb

[(o Otpuene cernam oxnomes. X Lok )
¢c>cn@ a % oo en»=@:

! Ceponcs K Bookmarks @ SHODAN- Comput.. % Afbop Xocwer @ Kpywmcmma Texwn.. @ Pervcrpownn obpa.. @ 3enomwms éopuy 7 TensorFiow Lite Boyrve socsoncn

€O & Obyienme_cetu ans pacnoswasanus wibpipynb - e S s et @
Qaiin Mawensms Ba Bcraska Cpenssoimomwewns Uwcrpyventsi Crpaska [locneaee cospanere: 1316

= Conopxane X[ ot T [— y——— Y
Q| Mpusercreyo sTveB/sO8
Cospesmmozens 0. MpuseTctayto

o

Nogkosaem rpaduseciore B 3TOM 6710KHOTE Mbl Oy MM HEFiDOHHYHO CETb AT PACTIO3HABAHUS PYKOTHCHBIX LMOD. ECIMH Bl COBCEM HOBHYOK B MUDE MALLHKHOTO.
el OByeHHA W HEPOHHEIX CETef, TO PEKOMEHAYIO HaYaTs C STOM CTTsH - Maioe o6 ekie 478 N0RSH,
Foroaum o6yarouyio u TecTosyio
abiGopin Ambi nepeiigem cpasy k geny.
Bois0n np 2 Hatopa Aarsix
Cpas aoppen ~ 1. Cospaaanm Mogenb
Banpaun kavecrsa MogeH Ha
TecTossix gaHHbix TocTpoetme HEAPOKHOT CeTh Ane pyKONHCHbIX LMBD
MpeoSpasyem wogens s gopuary tite
Mposcpsew patory. 3arpyara wogem n 0000000270004 000
vTepnpTaTOpa VYNV 20240 0 N7
pbeenpliastahs 2422232222222 A22
Bce roroso k passopaeano Ha 3833833553383 333
MIpOKEHTpOTEDE
Yot 94949 faddqsyy
mibsn 55585 SS 58955855835
CebbbGcbbbobces6e6l
T172099.3C 72NV 2R T 77
¥3 %8323 PTTYISLCS
299999%99%199494999
widpsi o Tak Kak WP 10, T0 & Halweih 3a8ase KNACCHHKALIWH 10 KNaccos,
Dinn 06y et Gyaem tensorflow i keras. Gu6moTexy tensorflow ot Google, KoTopas
noseonser ' ¢ #CKODOCTbIo. MMekHo NosToMy ceftvac tensorflow - HanGonee
RONYRRDHaR GHETHOTEKa AR FY6AHHOTO OByeKwA. Tax Xe & 1y 275 paoTsi ¢
MHoroMepHSIMM MaccBany, w matplotlib A7 noCTpoEHHE FpaGHKOS.
[ inport tensorflon s tF
From tenzorflon inport kerss
ingort numpy 35 op
e ingort matplotlib.pyplot a5 plt

BHumaTtenbHo untante n cne,qy|7|Te MHCTPYKUNAM U3 OrnokHoTa

Takke Mbl NOArOTOBUIN NPUMEPbI N306paxXeHUii LMdp, KOTOPbIe MOXHO pacno3HaTh:
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OHu Bam noHagobsaTcs B OOKHOTE Npu NpoBepke 00y4YeHHON HEMPOHHOW CEeTHU.
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Co3paHue npowmBKU AnA nnatbl ¢ nomowbio CubeMX
X-CUBE-AI Pack

OnucaHue MHCTPYMeHTa

MpunoxexHne STM32CubeMX - - aT0 rpacmyecknin UHCTPYMEHT, KOTOPbIV NO3BONSET OYEHb
Nerko HacTpamBaTb MUKPOKOHTPONEpbI 1 Mukponpoueccopbl STM32, a Takke reHepupoBaTh
COOTBETCTBYIOLLMI KO nHnumnanusaumm C ans agpa Arm ® Cortex ® -M unu yactuyHoro
aepesa yctponcTs Linux ® ana Arm ® Cortex ® - Agpo) ¢ noMoLLbo NoLwaroBoro npoLecca.

CraHpapTHble CTEKM NporpaMMHOro obecneyeHns n NPOMEXYTOYHOro NPOrpaMMHOro
obecneyeHns MoryT ObITb paclumpeHbl bnarogapsi ynyyleHHbIM NakeTam pacLuMpeHuns
STM32Cube. MakeTbl napTHepoB STMicrolectronics MOXHO 3arpy3nTb HEMOCPEACTBEHHO U3
creumanbHoOro amcrnertyepa naketos, goctynHoro B STM32CubeMX, a gpyrme nakeTbl MOXHO
YCTaHOBWUTb C J1OKaribHOro Amncka. Kpouvle TOro, YHUKarnbHaa yTunnuta B NnoctaBke
STM32CubeMX, STM32PackCreator, nomoxeT paspaboTymkam co3gaBaTb CBOM COOCTBEHHbIE
ynyJlleHHble nakeTbl pacwmperns STM32Cube.

OCOBEHHOCTM NHCTPYMEHTA:
@® VIHTYUTMBHO NOHSITHBLIN BEIOOP MUKPOKOHTpOJIEpa Unu Mmukponpoueccopa STM32;

@ boratbin n NpocToln B UCNONb30BaHMM NOSb30BaTENbCKUIA MHTEPdEC, NO3BONSAIOLLNIA
HacTpamBaThb:

0] PaCﬂMHOBKy C aBTOMAaTU4€CKMUM pa3peLueHmnem KOHd)ﬂMKTOB

o  ®PyHKUMOHanNbHbIE PEXNMbI NEPUAEPUAHBIX YCTPONCTB U MPOMEXYTOUYHOIO
nporpamMmmHoro obecnevyeHns ¢ AMHaMN4eCcKon NPOBEPKON OrpaHUyeHnin
napameTtpoB ansa sgpa Arm ® Cortex ® -M

o [MocnepoBaTenbHOCTbL 3HEPronoTpebneHns ¢ pacHeTHIMU pe3yrbTaTamMu
notpebneHus

@ [eHepauus MHULMANM3NPYHLLEro kofa npoekTa Ha a3bike C, coBmecTumoro ¢ IAR ™| Keil
® n STM32CubelDE (GCC komnunatopsl) gnsa Arm ® Cortex ® sgpa -M

@ PaspaboTtka naketoB pacwmpeHmin STM32Cube ¢ nomoulpto STM32PackCreator

@ UHTerpaumsa naketoB paclumpenuna STM32Cube B npoekT

Bam noHapobsaTcH

1. OBy4eHHasi 1 NOAroTOBMNEHHAsA MOLEeNb HEMPOHHOM ceTn B popmarte .iflite (cm. ObyyeHne
HENpPOHHOWN CeTW AN pacno3HaBaHus undp)

2. YcraHoBneHHoe npunoxeHne STM32CubeMX ¢ naketom X-CUBE-AI Pack (cm.
[MoaroToBka OKPYXXEHUSA Ha NOKaNbHOW MallnHe)

Co3aaHue npowmnBKY AnA
MUKPOKOHTpoOnsepa

MpoLwmBKy ¢ 06y4eHHOM HEMPOHHOW CeTbIO Mbl Byaem cosnaBaTth ans nnatel STM32L562E
Discovery

XapakTtepucTtukm nnatbl: ARM Cortex-M33 / Flash 512 Kb / SRAM 256 Kb / 1.54" TFT-LCD
240x240

[ns co3gaHusa NpowmrBKM HEOBXOAMMO caenaTtb crieayoLlee:
@ 3anyctutb STM32CubeMX
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https://www.st.com/content/st_com/en/products/evaluation-tools/product-evaluation-tools/mcu-mpu-eval-tools/stm32-mcu-mpu-eval-tools/stm32-discovery-kits/stm32l562e-dk.html
https://www.st.com/content/st_com/en/products/evaluation-tools/product-evaluation-tools/mcu-mpu-eval-tools/stm32-mcu-mpu-eval-tools/stm32-discovery-kits/stm32l562e-dk.html
https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-configurators-and-code-generators/stm32cubemx.html

@® BHumanue! B npouecce cosganusa npowmsku ytunuta STM32CubeMX moxeT ckaumBaTtb
OOMONHUTENbHbIE MaKeTbl U1 OBHOBNEHMS 1 MOOKMYATLCS K BHELIHEN 6a3e gaHHbIX.

Ha HauvanbHOM 3kpaHe B pa3gene New Project BbibpaTs Start My project from ST Board -

Access to Board Selector

] STM32CubeX Cubeioc' STM3ZLS620EK(Q STMARLSGZE-DK
=
stm2 N File Window
CubeMX

Existing Projects

Recent Opened Projects

CubesL.ioc
Last modified date : 200572021 12:38:5¢

Testioc
Last modified date : 18/05/2021 17:26:02

CUBESL_UART.ioc
Last modified date : 18/05/2021 16:56:47

Other Projects

CubesL ioc - Pinout & Configuration

® oY x &7

Manage software installations

Help

New Project

Check for STM32CubeMX and embedded software packages updates
Ineedto:

Start My project from
JAGOESS TO Mol SELEGTOR Install or remove embedded software packages

Start My project from ST Board

Start My project from Example

¥ HHH

| ACCESS To EXAMPLE SELECTOR

ST MCU Finder
All STM32 & STM8
MCUs in one place ,

4
\—-7 P
Lys
o
° @ moutsTuz B ExemalToos
7 New Project from  Board X
o] )
Board Selector
Board Fil
* [EJ B o Features Docs & Re [E] patast 4 Buy [ Stant Project
STM32L5 Series
e [
Part Number STM32L562E-DK STMicroelectronics STM32L562E-DK Discovery board
>
Vendor . S —— Unit Price (USS): 76.0
= g Productis In mass production Commercial Part Number : STM32L562E-DK R S R T o
s & The STM32L562E-DK Discovery kit is a
complete demonstration and development
Check/Uncheck A platform for Am® Cortex®-33 with Arm®
Trustzone® and ARMvE-M mainline security
00 sTM32F0 extension core-based STM32L562QEI6QU
[ STM32F1 microcontroller, with 512 Kbytes of Flash
memory and 256 Kbyles of SRAM
[ sTM32F2 The STM32L562E-DK Discovery kit makes use
[ STM32F3 of the STM32L562QEI6QU innovative
ultra-low-power oriented features to enable
[ sTM32F4 prototyping for many wearable or sensor
[ STM32F7 applications, with state-of-the-art energy
efficiency, secure boot, and TrustZone-based
O STM32G0 software isolation
For even more user-friendliness, the on-board
(2] STh264. STLINK-V3E debuaaer brovides out-of-the-box
[ STM32HT
[ STM32L0 s
oards List: 3 items A Expor
[ sTM32L1 & Export
[ STM32L4 |- | Overview X CommersialPartho | ____Type______X| _Marketing Status__X] _UnitPrice S$) _X] _Mounted Device ]
[ STM32L4+
NUCLEO-L5527E-Q Nucleo-144 Act 200
STM32LE | o o
[J STM32MP1 -
[ STM32WB
O sTM32WL STM32L552E-EV Evaluation Board Active 275.0 sm
Other >
Periphera 5 * H STM32L562E-DK Discovery Kit Active 76.0

@ Haxmure Start Project, B nosBusLueMca gnanoroBoM okHe Haxmute NO
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https://www.st.com/content/st_com/en/products/evaluation-tools/product-evaluation-tools/mcu-mpu-eval-tools/stm32-mcu-mpu-eval-tools/stm32-discovery-kits/stm32l562e-dk.html

@

-
P ‘."-” ® ey x Gy
Existing Pro| * @B BB O ___Features Large Picture Dich Lhetaced [ Dstashest 4 By

Recent Opd Eot thinker STM32L562E-DK STMicroelectronics STM32L662E-DK Discovery board

kages updates
Vendor > UnitPrice (USS): 76.0 |

Active Part Number : STH32L562E-DK
cuestic | . sl Commercial Part Number : STH32L 562E-DK TSR
Last moditey e
MCUMPU Seris = The STM32L562E-DK Discovery ki is a |
Testioc compiete demonstration and development
e | platforfor A® Corter®-133 wih Am® =
TrustZone® and ARMVE-M mainiine security I
O sM32F0 extension core-based STM32L562QEI6QU
CUBESL_ pl microconirolier, wih 512 Kbyles of Flash
Last modiey memory and 256 Kbytes of SRAM
EhLe I e o AL T The STW2L562E-DK Discovery kit makes use
O STM3ZF3 ey e Oy of the STM32L562QE16QU innovative:
Other Proje ultra-low-power oriented features to enable:

O sTMzzFs @  ntisize il peripherals with theirdefault Mods ? prototyping for many wearabe or sensor

O STM32FT ‘applications, with state-of-the-art energy
ienty. setue boo and Taszonensased
0 sm32G0 software isolation.
o oven more werfeniness, theon oard
S =
Clssze STLINK-V3E debuager orovides out-of-the-box [12]=} "o Conexats secwe 8
Dsmun
b e20 Boards List: 3 tems & Expon
Osmuat 5
Osmue = >
0 sTM32L4+
— nweieossszze j— e 200 T €T €T €IS
0O sTM32MP1 m
0O sTM32wB m
0 sTM32WL STM32L552E-EV Evaluation Board Active 215.0 m
ot > =
ey S * seasezE oK Discomy ki i 700 <D

——

G mousTis § Bl Tools

Y B - -

@ B cnegytowem okHe BbibepuTe BapuaHT "without TrustZone activated”

squs i' File Window Help ® oy x o

Existing Projects New Project Manage software installations

Recent Opened Projects Check for STM32CubeMX and embedded software packages updates

CHECK FOR UPDATES

Ineedto:
CubesL.ioc
Last modified date : 200572021 12:38:54 ly project frc

AGCESS T6 MCU SELECTOR Install or remove embedded software packages

INSTALL / REMOVE

Testioc
Last modified date - 18/05/2021 17:26.02

ly project frc Board
CUBESL_UART.ioc

Last modified date : 18/05/2021 16:58:47 ACCESS 2

TrustZone feature vailable

Other Projects

7 HBHB

IO @ 0o o0 vt o cretc v ot
® vithot TrsiZon acvated ?

Add powerful

O with TrustZone activated ?

libraries to your

project

G monsTi § Bl Tools

[

YTunuta HaudHeT UHULManm3aunio NPOLUNBKA (MO)KeT Ha4vyaTbCA CKaydnBaHue
OONOJTHUTESNTbHbIX NMPOrpaMMHbIX ﬂaKeTOB)

@ [anee 13 BepxHero MeHio Bbibepute Software Packs - Select Components
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[ STMI2CubeX Untie: STM3ZL 208K Q STMR2LS62E-DK 8 x

sm”? File Window Help ® oy x o

Pinout & Configuration Clock Configuration Project Manager

Home » STM32L562QEKQ - STWS2LSE2E-DK > Untitled - Pinout & Configuration

A~ Software Packs

C— S Cnosiare
Emmms

Manage Software Pac

System Core
Anslog
Timers
Comnectivty

Multimedia

>
>

>

>

>

Security >
Computing >
Middieware >
Trace and Debug >
Power and Thermal >
>

Utiities

UFBGA132 (Top view)
D s e a8 e Ne T

[«

B nosiBMBLLIEMCS OKHE C MakeTamu (QOIMKHO ObITh 3apaHee ckavaHo pacwmpeHne X-CUBE-
Al Pack, cm. [NoarotoBka OKpy>KEHWS Ha NoKanbHOM MallvHe ) packponTe
STMicroelectronics X-CUBE-AIl u ykaxxuTe napameTpbl kak Ha kapTuHke (Artificial
Intelligence X-CUBE-AI: Core - ranouyka, Device Application: Application - Validation)

[ software Packs Component Selector X
Pack
= % 0 >
[ Pack/Bundie/Component ] Status | Version | Selection | @}
> RoweBots.|-CUBE-UNISONRTOS o 550408 ©
~ STMicroelectronics X-CUBE-AI 600
~ Artificial Intelligence X-CUBE-AI 500
Core ]
~ Device Application Q 6.0.0
Application
> STMicroslsctronics *-CUBE-ALGOBUILD 1208
> STWicroelectronics. X-CUBE-AZRTOS-H? i‘-‘; 1008
> STMicroelectronics -CUBE-BLE1 62000
> STMicroelectranics ¥-CUBE-BLE2 3200
> STMicroelectronics.X-CUBE-DISPLAY & 100
> STMicroslactronics X-CUBE-EEPRMA1 3008
> STMicroelectronics %-CUBE-GNSS1 5200
> STMicroslsctronics *-CUBE-MEMS1 8300
> STMicreelectronics X-CUBE-NFC4 2021
> STMicroelectranics -CUBE-SFXS2LP1 3000
> STMicroelectronics -CUBE-SUBG2 4008
> STMicroslactronics -CUBE-TOF 1 1008
> STMicroelectronics X-CUBE-TOUCHGFX 4161 @
> wolfSSL I-CUBE-woltSSL 4708
> FreeRTOS
> HAL Drivers ©
> MBEDTLS
> USB_DEVICE
Y ok

@® B naHenu cnesa nosiBMTCA NyHKT BHM3Y Software Packs, B HEM HaxxMuTe
Ha STMicroelectronics X-CUBE-AI - yTunuta Ha4yHeT KOHUIypmMpoBaHMe NpOLUMBKN, Nocre
Yyero akpaH obHoBUTCS
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I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K

- o
s @ File Window Help @ n oy 7\< ‘YI

CubeMX

D Untitled - Pinout & Configuration

Pinout & Configuration Clock Configuration Project Manager
Vv Software Packs

Q| v @ ‘STMicroslectronics X-CUBE-AL6.0.0 Mode and Configuration
J categoies | -2 [ —_ N
| ]
System Core > || EAitcial nsligence XCUBE-AI |
| Device Application |
Analog > | |
|
Timers > | |
|
Connectivy o |
Mutimedia o | |
Security > | |
Nitdovare N | 1
Trace and Debug i | |
Power and Thermal [ |
e B e ConRgiRaion o i e s e s |
Software Packs RN it Setings | -
B (Model manag N |
e i L tame 1 R 1 R L Comslexiy | |
Total (0) ~(256.00 KiB present) - (512.00 KiB present) -

UFBGA132 (Top view - Rotated +90°)

S et el 1 QT o i ]

Y B - -

@® [poeepbTe pasgensl Connectivity - USART1 (cpaBHUTe € n3obpaxeHnem)

I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K

- o
s @ File Window Help @ n oy 7\< ‘YI

CubeMX

GENERATE CODE

D Untitled - Pinout & Configuration

Pinout & Configuration Clock Configuration Project Manager
Vv Software Packs

Q) V@ USART1 Mode and Configuration

1
| W8 Asynchronous

| e e oI RS2 Diabie =

System Core 2

Analog >

|
Timers > N
|
Connecthity >
FDCAN1
FMC
12C1
@ 1202 |
@1c3
12c4

LPUART?
OCTOSPI |

USART3 Search Signals
01 Show only Modifed Pins

Jon TS sl o Con_Pm et JoP10 00 TGPI0 m 1GP10 P Juiamu_Fsst o Jser Lavel ot
T r——~ Usaer

‘Altemat... No pull-.. Low

|

Multimedia 2 | |
PAI0  USART. na  wa  ma  Altemat. Pulup Low USART. |

secuity > i
Computing > |
Middleware > UFBGA132 (Top view - Rotated +90°) |
|

Trace and Debug > |

i = s
Power and Thermal > Q i Q & 4 m ‘

. H £ Monex
@ [lpoBepbTe pasgen Computing - CRC gomnxeH 6biTb Activated
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I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K x

L3 a
File Window Help ® oy x o

Clock Configuration Project Manager
Vv Software Packs Pinout

STM3?
CubeMX

D Untitled - Pinout & Configuration

° Lt Activated

LPUART1
0cTosPI

Multimedia >

Security >

sl
oo —— ] g © Usar Consas |

DFSDM1

Computing

Search Constants

5 add femove
Middleware > z

Trace and Debug >
Power and Thermal >

Utiities >

Software Packs > UFBGA132 (Top view - Rotated +90°)

 SThicroslectronics X-CUBE-AL6.0.0

[«

[anee nepexoanm K ynakoBke HEMPOHHOW CETU ANs 3anycka Ha yaaneHHon nnarte

S et el 1 QT o i ]

CHoBa Haxumaem Ha STMicroelectronics X-CUBE-AI B Software Packs

I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K

L3 a
File Window Help ® oy x &)

Clock Configuration Project Manager
Vv Software Packs Pinout

x

STM3?
CubeMX
H

Pinout & Configuration

Q

° Lt Activated

LPUART1
0cTosPI
SDMMC1
sPi

@ sp2
sP3
UARTS.

@ UARTS
uceot
USART1

© UsART2
USART3
uss

Multimedia >
Security >

Compuing v |
sl
oo —— ] g © Usar Consas |

DFSDM1

Search Constants

5 add femove
Middleware > z

Trace and Debug >
Power and Thermal >

Utiities >

Software Packs > UFBGA132 (Top view - Rotated +90°)

 SThicroslectronics X-CUBE-AL6.0.0

[«

Haxxumaem Ha Add network - nosiButcs Bknagka network B HMXHeEN NaHenu nocepeanHe

S et el 1 QT o i ]
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I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K

sy @

CubeMX

File

Pinout & Configuration

e —
S -

FDCAN1
FMC
12C1

o 1c2

1c3
12c4
LPUART?
0CTOSPI
SOMMC
Bl

@ spi2
sP3

Multimedia >
Securty 5
Computing >
Middieware >
Trace and Debug >
Power and Thermal >
Utiities >

Software Packs v

 SThicroslectronics X-CUBE-AL6.0.0

Y B - -

Window Help
> Untitled - Pinout & Configur.
Clock Configuration
v Software Packs
SThicroslectronics -CUBE-AL.0.0 Mode and Configuration

| E Aticial Ineligence X-CUBE-AI

Device Application

\

 hisn tings |RNSINGIRNY
T
eras < [oved model

Compression: |\ ] &

Vatdtion inputs: [Random s | ‘
Validation outputs: [None ] Show graph

Analyze ‘

Complexiy.
Flash occupation: - (512.00 KiB present)
RAWM: - (256,00 KiB present)

Achieved compression: -

Analysis status

Validats an desktop

Validats on targst

Validation matrics
(No data to display, please perform a validation first)

Project Manager

(O}

GENERATE CODE

System view

UFBGA132 (Top view - Rotated +90°)

L 4

@ [anee HaunHaeM KOHPUrypmpoBaTb HEMPOHHYIO CETb

@ Bsogum HasBaHue digit_recogniser

I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K

sy @

CubeMX

File

TM32L562E-D

Pinout & Configuration

Window Help
D Untitled - Pinout & Configuration

Clock Configuration
Vv Software Packs

Q) V@ STMicroslectronics X.CUBE-AL6.0.0 Mode and Corfiguration

FDCAN1
FMC
12C1

o 1c2

1c3
12c4

LPUART?
0CTOSPI

Multimedia >
Securty 5
Computing >
Middieware >
Trace and Debug >
Power and Thermal >
Utiities >

Software Packs v

 SThicroslectronics X-CUBE-AL6.0.0

) B - -

]
| E Aticial Ineligence X-CUBE-AI

| Device Application
|

|

\

Y s | ol network | +

Model npu

digit_recogniser ]

eras < [oved model =
Compression

Validation inputs: [Random numbers
Validation outputs: [None ]

Show graph
Analyze

Complexiy.
Flash occupation: - (512.00 KiB present)
RAM: - (256,00 KB present)

Achieved compression: -

Analysis status

Validats an desktop

Validate on target

Validation matrics
(No data to display, please perform a validation first)

Project Manager

(O}

GENERATE CODE

System view

UFBGA132 (Top view - Rotated +90°)

L 4

@® Buibupaem tun mogenu TFLite (B cnvcke Bbibopa cnpaBa OT Tvna Moaeny LOIMKHO
octaBatbcst STM32Cube.Al runtime)
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I STM32CubeX Untiied': STME2L5620EQ STMAZLSEZE-0K

sy @

CubeMX

File Window Help

D Untitled - Pinout & Configuration

Pinout & Configuration Clock Configuration

v Software Packs

Q V] & “ STMicroelectronics X-CUBE-AL6.0.0 Mode and Configuration

Atifcal Iteligence Y-CUBE-Al

ut

FOCAN1 |
FMC | Device Application
2ct | o
@ 12c2 |
oue |
et |
T R i
LPUART1 i
ot | o
souvct
s i _acognise
@ sPi2 Model input
P figt_recognier
ungTs |
@ UARTS [TFLite.  |STM32Cube. Al runtime M
ucePD1 " [Choose model.
usART1 eras
o ussem2 rLte I -
ART3 lowx
use
Mimedia >
Compression [lare <] @
Security > Vaidation inpus: [Random numbers
Computing > Valdation outputs: [llone Shes ganl
T
Viddevare >
Compesy:- Valdta on doskiop
i > Fiash occupato: - (512,00 K presen)
RAM: - (256.00 KiB present) Validats on target
Achiowed compresson--
>
Power and Thermal Analysis status
Uiies >
Valdson metics
Software Packs 2 (No data o display, please perform a validation first)
+ SThicrosectonics XCUBE-AI5.0.0

[«

GENERATE CODE

Project Manager

System view

UFBGA132 (Top view - Rotated +90°)

L 4 m|m =B

Beibupaem dann ¢ coxpaHeHHon mogeneto B opmare iflite (cm. ObyueHne HenmpoHHoM

CeTV And pacno3HaBaHund LJ,MQDQ)

I STM32Cube Untiled': STME2L5620€Q STMAZLSEZE-0K

sy @

CubeMX

File Window Help

D Untitied - Pinout & Configuration >

Pinout & Configuration lock Configuration

fiware Packs

Q [} “ STWicroslectronics X-CUBE-AL6.0.0 Mode and Configuration

AifcialInelligence X-CUBE-A!

v Pinout

FOCAN1 | |
FMc | Device Application
zc1 | i
onc
o | |
2c4 pliel el R e Sl e S S
LPUARTH
SOMMCT i
sPi L
@ sP2 | Model inpu
sp3 gt _ecogniser
UARTS
@ UARTS [TFLite. v |STM32Cube. Al runtime v
ucPD1 |
USART!
@ USART2
usnm2 Mool [C UsesadardDomriaadsreis e
uss I
Mulimedia >
Compression: [None v @
Secutty > Jll  vetston puss: Fandommmbors ~)
Computing > Validation outputs: [None ] St aseh
‘ [ oo |
Middeware >
‘ Complexity. Validate o dsktop
Tracs ond Dobug > Flash occupation: - (512.00 KB present)
ST : ieved compression: -
Pousr ndThrma B
Uiities >
| Vaication metics
Software Packs i | {No data to display, please perform a validation first)
+ SThficroslctroics XCUBE-AL6.0.0

GENERATE CODE

Project Manager

System view

UFBGA132 (Top view - Rotated +90°)

Q@ oI a @ 4 4 m 3

x

® Aoy x &7

@ [lanee BbicTaBnsieM napamMeTpbl NpoBepkn cetn Compression - 4, Validation inputs -
BblOMpaem .csv dhann ¢ YNCNoM AMst pacno3HaBaHus (MOXHO MCNonb3oBaTh hann
nonyyeHHbIn B OByyYeHne HEMPOHHOW CeTu ANA pacno3HaBaHmsa umdp)
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I STM32Cube Untiled': STME2L5620€Q STMAZLSEZE-0K

- 6 x
srcr:hxﬁ? File Window Help ® oy x o

> Untitied - Pinout & Configuration GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager
v Software Packs v Pinout

Q| ~| @ STMicroelectronics X-CUBE-AL 6.0.0 Mode and Configuration ] Pinout System view

—— Aificial Inelligence X CUBE-A!

Device Application
2ct s

@ 12c2
@ 12¢3
]
LPUART1 = 1

Somir
o
@ sP2 Model input
- i e \
el ‘
@ UARTS [TFLite ~[STM32Cube Al runtime Ml |
Veror
Usaa
@ USART2 L TV I SR |
ssery ot 6 UsoasabDamioaismit i =1 ‘
uss I ]| srowse |
i > — ‘
p—— r
Shcuty, % Validation inputs: |...adark\Downloads\digit csv v
Computing 4 Validation outputs: [None v SHUGaRN |

e e s

Achieved compression: -

Trace and Debug

Power and Thermal >
Analysis status: -

Utilties: >
Validation metrics

Software Packs v (No data to display, please perform a valdation first)

UFBGA132 (Top view - Rotated +90°)

+ SThicroslectronics X-CUBE-AL6.0.0

Q@ oo a b 4

@® Haxumaem Ha Validate on Desktop - npoBepsiem pe3ynbtaT paboTbl ceTu no
pacnos3HaBaHuto Lndpbl U3 nepegaHHoro danna

[ Please wait... X

@ Veiation on desiiop
I

Starting AT validation on desktop with custom dataset : C:\Users\adark\Downloads\digit.csv...
C:/Users/adark/sTM32Cube /Repository/Packs/STMicroslectronics/X-CUBE-AT/&.0.0/Utilities fwindows/stm32ai validate —-

name digit_recogniser -m C:/Users/adark/Downloads/mnist.tflite --type tflite --compression 4 --verbosity 1 --
workspace C:\Users\adark\AppData\Local\Temp\mxAT workspace859982278131005928223014472573041 -—output C:\Users\adark\.
stm32cubemx —-valinput C:/Users/adark/Downleads/digit.csv

Neural Network Tools for STM32AT vl.4.1 (STM.ai v6.0.0-RCE)

Creating user workspace: C:

\Users\adark\AppData\Local\Temp _wor 78131 014472573941\ inspector_digit_recogniser\workspace
Setting validation data.

using file: C:\Users\adark\Downloads\digit.csv

input definitions:

0: shape=(1, 28, 28, 1), dtype=float32, min/max=[0.098, 1.000], mean/std=[0.292, 0.274]
Running the X386 model (IO mode).
Running the TFlite model...
Saving data in the "C:\Users\adark\.stm32cubemx" directory

creating the file: digit_recogniser_val 1o.mpz with all data

m outputs_l: shape=(1, 1, 1, 10), dtype=fleat32, min/max=[0.000, 0.998], mean/std=[0.100, 0.299]
c_outputs_l: shape=(1, 1, 1, 10), dtype=fleat32, min/max=[0.000, 0.998], mean/std=[0.100, 0.299]
Computing the metrics...

Cross accuracy report #1 (reference vs C-model)

NOTE: the output of the reference model is used as ground truth/reference value
aec=100.00%, rmse=0.000010699, mae=0.000004841, 12r=0.000033904

10 classes (1 samples)

co 0 .

c1 . 0 .

cz . . 1 .

c3 . . . 0 .

c4 . . . . o .

cs . . . . . [ .

ce . . . . . . 0 .

c1 . . . . . . . 0 .

cs . . . . . . . . 0 .
cy . . . . . 0

Evaluation report (summary)

Mode acc rmse mae 12r tensor

X-cross #1  100.00% 0.000010699  0.000004841  0.000033904 nl_8, ai_fleat, [(I, 1, 10)], m_id=[8]

X-eross (12r) #1 error : 3.30037042-05 (expected to be < 0.01)

Creating txt repert file C:\Users\adark\.stm3Zcubemx\digit_recogniser_ validate zeport.txt
elapsed time (validate): 2.800s

Validation ended

@ Takxe MOXHO NOCMOTPETb Ha XapaKTepPUCTUKN CETU NPU HaXaTUN HaA KHOMKY Analyse -
MOXHO yBUAETb COCTaB Mo CIlosAM, 3Ha4eHUA BeCOoB 1 npo4ee
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[ Please wait X
o Analyzing Netwark
i ——————
id  layer (type) shape param/size macc connected to | c_size c_macc c_type
0 conv2d_input (Input) (h:28, w:28, c:l) |
conv2d_0 (Conv2D) (hi26, wi26, c:32)  320/1,280 194,720 convad_input | +43,264(+22.2%) optimize
nl_0_nl (Nonlinearity)  (h:26, w:26, c:32) 21,832 conv2d_0 1 -21,632(-100.0%)
1 poel 1 (Pocl) (h:13, w:l3, c:32) 21,632 nl 0 nl | -21,632(-100.0%)
2 conv2d_2 (Conv2D) (n:ll, w:ll, c:64) 18,496/73,0984 2,230,336  pool 1 1 +14,144(+0.6%) optimize
nl_2 nl (Nonlinearity)  (h:ll, w:ll, c:64) 7,744 conv2d_2 1 -7,744(-100.0%)
3 pesl 3 (eol) (n:5, wi5, ci64) €, 400 al_2_nl 1 -6,400(-100.0%)
4 conv2d 4 (Conv2D) (n:3, w:3, c:84) 3g,028/147,712 331,840 pool_3 1 +576 (+0.2%) conv2d()
nl 4 nl (Nonlinearity)  (h:3, w:3, c:64) 576 convad_4 1 -576(-100.0%)
5 reshape 5 (Reshape) (c:57€) nl 4 nl |
6 dense_& (Dense) (c:64) 36,028/147,712 3,028 reshape_5 | -109,588(=74.2%) dense (c8
nl_6€ nl (Nonlinearity) (c:64) 64 dense_6 1 nl()[4]
7 dems=_7 (Demse) (e:10) £50/2, 600 €50 al_6_nl | dense () If
8 nl 8 (Monlinearity) (c:10) 150 dense_7 1 nl{)/o[§
model/c-model: macc=2,852,672/2,852,672 weights=373,288/263,720 -109,568(-29.4%) activations=—-/29,824 ic=—-/3,176
Complexity report per layer - mace=2,852,672 weights=263,720 act=29,824 ram io=3,176
id  name c_mace c_rom c_id
g P M R — RS
. OK

@ [lanee nepexogum B pasgen Project Manager v npuctynaem kK opMMpoOBaHMIO NPOEKTa C
npowunekon B pasgene Project

@ Ykaxunte nms npoekta Project name - Bawe nms npoekta, Project location - ykaxuTe
OTHOCUTENBLHO nanku kyaa yctaHoBunm STM32Cube MCU Package (cm. [MoarotoBka

OKPY>KEHUSA Ha foKanbHOW MallvHe pasgen 4, nyHkT a) <Packet Folder>\

STM32Cube_FW_L5 V1.4.0\Projects\STM32L562E-DK\Examples, Application Structure -
Basic, Toolchain / IDE - STM32CubelDE

I STM32Cube Untiled': STME2L5620€Q STMAZLSEZE-0K

©
stmzo
CubeMX

Code Generator

Advanced Setings

File Window

Pinout & Configuration

Project

Help

Clock Configuration

Project Name

MyL5Project

Project Location
c:

G oo |

Application Structure
[Basic

=

] 0100 not generate the main))

Toolchain / IDE
[STM32CubelDE =2

i

Generate Under Root

[ox800

Minimum Stack Sze 1008

(Meu and Firmware

Meu Reference
[STM32L5620EKQ

Firmware Package Name and Version
[STM32Cube FW_LE V4.0

Use Default Firmware Location

Project Manager

@ HaxmuTe Ha Generate Code B NpaBoM BEPXHEM Yrily 3KpaHa yTUMUTLI

@ rocrne reHepauun Koga nosaBUTCA OKHO

8 x

® oy xG7

Tools

Untitled - Project Manager GENERATE CODE

m Code Generation

The Code is successfully generated under :
C:/Users/adark/ STM32CubelDE/STM32Cubel5-master/Projects/ STM32L562E-DK/Examples/MyL5Project
Project language : C
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Ecnu Bbl npaBunbHO ykasanu Bce nytym k STM32Cube MCU Package, To npu HaxaTtuu Ha
Open Project 3anyctutca STM32CubelDE B koTopor nocne gobaeneHue B paboyemy
NpoCTpaHCTBY, OyAeT AOCTYMNEH Ball NMPOEKT C CO3AaHHON MPOLUNBKON

Mosgpaensio! [IBuraemcs k cnegytowlen yactu!
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Ucnonb3oBaHue cepBuca all-hw.com
AnAa pacno3HaBaHUA PYKOMUCHbIX

undp

OnucaHune MHCTPYMEHTa

Mpunoxexnne STM32CubelDE - 370 yHMBepcarnbHbIA MHCTPYMEHT padpaboTtkm Ha C/ C ++ ¢
nepndepunHon KoHUrypaumen, reHepaumnen koga, Komnunaumen koga n PyHKUMSMU OTNaaKu
AN MUKPOKOHTPONNEPOB 1 MuKponpoueccopoB STM32, KOTOPbIV ABMASETCH YaCTbio
nporpaMmmHon akocnctemosl STM32Cube. OH ocHoBaH Ha cpenmBopke Eclipse®/CDT u
TynyeriHe GCC gns paspabotkn, 1 GDB ans otnagku.

STM32CubelDE Bknto4aeT hyHKLNOHANbHOCTb KOHPUTYPUPUPOBAHNA U CO34aHUS NPOEKTOB U3
STM32CubeMX, 4To NO3BONSET CAKOHOMUTL BPEMS Ha YCTAHOBKY, pa3paboTky u
KOH(MIrypupoBaHue NpoeKTOoB.

STM32CubelDE BkntovaeT B cebsi aHanm3aTopbl COOPKM U CTEKa, KOTOPble NPeaoCTaBNsAoT
MoMb30BaTEN NOME3HYI0 NHAPOPMALIMIO O COCTOSIHMM NPOeKTa U TPeBOBaHUSX K NaMsTH.
STM32CubelDE Takke BKIOYaeT CTaHAApPTHbIE N pacLUMpPEeHHble OYHKLUM OTNaaKu, BKIoYas
NMPOCMOTP PErMCTPOB fapa npoueccopa, namaTv 1 nepudepunHbIX permcTpoB, a Takke
HabngeHne 3a NepemMeHHbIMU B pearnbHOM BPEMEHM.

Bam noHapobsaTcH
1. [poexT ¢ npowwmekon ansa nnatel STM32L562E Discovery (cm. Co3gaHue npoLumBKM s
nnaTbl ¢ nomoulbto CubeMX X-CUBE-AI Pack)

2. YctaHoBneHHoe npunoxeHne STM32CubeMX ¢ naketom X-CUBE-AI Pack (cm.
[MoaroToBKa OKPYXEHWUS Ha NOKaNbHOW MalluvHe)

3. YctaHoeneHHoe npunoxenne STM32CubelDE (cm. [logrotoBka OKpY)XEHUS Ha JIOKarnbHOWN
MaLLVHe)

4. YcraHosneHasa ytunuta Virtual COM port application gns cosganus BupyTtansHoro COM
rnopTa Ha flokanbHON MaluMHe, NOAKIMIYEHHOrO K yaaneHHon nnate (cMm. [loaroToska
OKPY>XEHUS Ha NTOKanbHOW MaLUVHE)

Pacno3HaBaHue PYKOMUCHDbIX LIVId)p Ha y.u,aneHHoﬁ
nnaTte
NTaK, Mbl ke 0BY4UNIN HEMPOHHYH CETh AN pacro3HaBaHWs PYKOMUCHbLIX LMdp, cobpanu

NPOLUMBKY AN NAaThl C MUKPOKOHTPOISIEPOM M CeNYac NOSTHOCTLIO FOTOBLI ANd 3anycka
Hawlero npoeKkrta Ha yaarneHHOM yCTpOVICTBe npu nomoLumn cepsuca all-hw.com.

Ha4yHem!
1. ApeHga nnatbl Ha cepBuce all-hw.com

a. 3axo4uMm Ha CTpaHWyKy cepBuca, aBTOpM3yeMCcsl, HaM CTaHOBATCS AOCTYMHbI
nnartbl 4Nst apeHabl (Co3aaHme yY4eTHOM 3anucu cM. [10aroToBka OKpY>KeHUA Ha
NOKaIbHOW MaLlnHe)
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http://all-hw.com/
http://all-hw.com/
https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-ides/stm32cubeide.html
https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-ides/stm32cubeide.html

b

€ > C O (@ allhwcom/app/indexhtmib/hardware.

5 Ceponcu ok Bookmarks @ SHODAN - Comput.. § Aop Xocrr @ T ) ) T TensorFion e

[MMHARDWARE|  Boards Forum  Contacts Coupons | Alexander | Logout

Board Reservation

I [B}  soardReservation o
STM32L562E Discovery

ustZone(c)

3/ Flash 512 Kb / SRAM 256 Kb / 1.54" TFT-LCD 240x240 Many ite

{:03 Connection and Tools ~ @ LPCXpress

@  ARM Cortex-Ma

[Fa) videoandinteraction  ®

14/ Flash 512K / RAM 128K/ CORDIC / FMAC / HRTIM Many

ns available for

4/Flash 2Mb / 28-Mbit SDRAM / 4" TFT-LCD 800x480

STM32F4691 D

o oce X

W sess.a7Ti0potsallhw A

c. [lpowusky mMbl rotoBunu ans onpegenerHon nnatel STM32L562E Discovery,
ee 1 bynem apeHgoBaTh M3 crnmcka JOCTYnHbIX - Book this Board
d

€ > C (0 (@ all-hwcom/app/indexhtmi#/hardware

j—

£ Ceponc ok Bookmarks @ SHODAN - Comput.. f AvopXocwr @ T ) ) T TensorFion e

EMARONARE] e foum  conc P
Board Reservation

I [B}  eoardReservation o
'STM32L562E Discovery @

ARM Cortex-M33 / Flash 512 Kb / SRAM 256 Kb / 1.54" TFT-LCD 240x240 Manyitems available for booking
TrustZone(c)

s available for

@ Connection and Tools O

[Fa) videoand interaction  ®

(D ARM Cortoxa/ Flash 5126/ RAM 128K/ CORDIC /FUAC /HRTIM

able for

4/ Flash 2Mb / RAM 324Kb / 128-Mbit SDRAM / 4 TFT-LCD 800x480

B sesamioponsabhe A

| =«

e. B pasgene Connection and Tools cMOTpUM HacTponkn Ans yganeHHon
OTNagKu 1 3arnoM1Haem mx

f.

l B AlkHardware

€ > C (0 | @ all-hwcom/app/indexhtmi#/connection

& o0 e

5 Coponcn Sk Bockmarks @ SHODAN -Comput.. - Ahcop Xocrms @ T @ e T Temoriontite Roye sz

E!!HARDWARE Boards Forum  Contacts Alexander | Logout
e

=
stmz2" 8
CubelDE

[B} soardReservaon O session Information

78.37.24.18
16019 (1

| comectonanaroos o

d by Windows only. All details are provided in the manual at

port. This feature is current

[F3) videoand interaction  ©

B sesamioponsabhe A

=
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https://www.st.com/content/st_com/en/products/evaluation-tools/product-evaluation-tools/mcu-mpu-eval-tools/stm32-mcu-mpu-eval-tools/stm32-discovery-kits/stm32l562e-dk.html

g. B pasgene Video and Interaction Bugum, 4To Ha nnate CToMT NpoLUMBKa No
YMOIn4aHuK, KOTOpaa CHUTaET TUKMN N BbIBOAUT UX HA SKPaAH

PMEHARDWARE|  Boards Forum  Contacts Alexander | Logout

T

Board: STM32L562E-DK #4 Switch the board's power: @)

UART Terminal | Virtual Sensor &

[} soardReservaon o

@ Connection and Tools O

[F3) videoand interaction ©

B sessa7opotsalrhe A

npnum i . % i B o B B

i. [Nnarta rotoBa k nepenpoLunBke

MepepolumBka yaaneHHon nnaTtbl NPOLLUMBKOW C HEMPOHHOW CEThIO ANsi pacno3HaBaHUs
undp
a. Vpgem B nanky ¢ HawyM NPOEKTOM 1 BblOmpaem dawnn .project - 3anycTutbcs
STM32CubelDE

b. B BepxHem meHio BbibepuTe Project/Build All - npoekT HayHeT cobupaTtbces

n}inwu 5 om @0 3O NE moa b s B

d. B STM32CubelDE BbibpaTh nyHKT MeHo Run/Debug configurations
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e.

[ workspa - Culbel 5/5ec/aiValidation.c - STMA2C ubelDE

Fle Kt Source Refactor Nevgate Search Project [Run| Window Help

o B R -@inidig-e-Q R

% Debug m

& Project plerer

RunHistory >
Runss >

°

Run Configurtions

Debug History >

3

Debug A5 >
Debug Configuatons.

Breskpeint ypes >
ToggleBreakpoint Curloshites

Toggle Line Breakpoint

Toggie

B Skip AllBrskpints Cule s
& tmazsoh Remeve Allreskpoints
> & stm3ztm_bal 2cc
8 stmazisohal ospic

P B

Extemai Toot >

& /BSP/Drivers/STMRL 500 HAL Driver

R Nowex

f.

- 8 x
TRYCETSNHe Q igEe
3 startup_stm. B maine  [Qamisoite @ sppacubesic  [B swaldatione 52 [@podecodec %% * [0 35 Outine 11 ® Buid Tagets 1
“ystensertinglon()s - EhRRN o %
G5 return 0 o Tetidpeh
H Py
e u
ot oiVelidationProcess(void) i
T U core datypesh
U i datypes itensth
0it0; 4 core commonh
#
#
#
#
.
s X
Nass y
)i e
point, default ASC Ar\n); »
e interfoce should be vsed\ )3 o
nen nodule). brotocol verion - W.5E\\", 3
e sion_p. VERSTON SASO, o
oo v g
. o
550 oiptgrinit(phcadruncab);
e
i el aivmmgrumitandorocess();
) while (reco);
return 15
)
15 void aivalidationdelnit (void)
- - . Qv g v
©° gbCrmdunclob: abCmdru
s o ssidstonniuoid) nt .
[£0 Problems &) Tasks (@ Console 12 [T] Properties. $ )

COTBuild Consale 8591

16:36 Increncntal Guild of configaration Debug for project 659 *++°
mske 36 all
rm-none-cabi-size  059.e1f

.l nex #ilenans

G656 sa1s4 a0 05e.elf

0% 192
Finished building: cefaul

16:36:44 Duild Finished. © error

© wernings. (took 15.140ms)

[I Debug Configurations ]
‘Create, manage, and run configurations
EREED) B v~ Configure launch settings from this dialog:
| type filter text ‘ || - Press the 'New Configuration' button to create a configuration of the selected type.
[E] C/C++ Application [§7 - Press the 'New Prototype' button to create a launch configuration prototype of the selected type.
CfC++ Attach to Applicat
[£] C/Cr+ Attach to Application & - Press the ‘Export’ button to export the selected configurations.
[E] €/C++ Postmortem Debugger
» [E] €/C++ Remote Application - Press the ‘Duplicate’ button to copy the selected configuration.
GDB Hardware Deb
= crdware Debugging 3 - Press the 'Delete’ button to remove the selected configuration.
@ Launch Group
§ Launch Group (Deprecated) [/ - Press the ‘Filter button to configure filtering options.
STM32 Cortex-M C/C++ Applicati
Joc e WGP pphcation - Edit or view an existing configuration by selecting it.
- Select launch configuration(s) and then select 'Link Prototype' menu item to link a prototype.
[u] - Select launch configuration(s) and then select ‘Unlink Prototype’ menu item to unlink a prototype.
[R] - Select launch configuration(s) and then select ‘Reset with Prototype Values' menu item to reset with prototype values.
Configure launch perspective settings from the ‘Perspectives' preference page.
Filter matched 8 of 9 items
@ Debug Close

g. Bbibpatb STM32 Cortex-M C/C++ Application, HaxkaTb NnpaBoW knasuLel, BO
BCNnbiBatoLLemM MeHo BbiopaTb New Configuration
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Run Window Help

©-&-@in ¢-o- ;|G
SN © [ 0 bt Compurions o x o isIEe
Ry Project Exploer 13 - 0 1 © BuidTarges )
et mansge,and run configurations R
. manage, o B SARN o % §
e !
BREX|BY~ Configure launch settings from this dialog: bsp.
e e e
e— B e s e e e e
o e Pt e
EICCMuhodmictn | . oo ot o s s
A it s e
[E] GDB Hardware Debugging " lte’ buion Jacte .
2 o e sl e e
b . o i e oo s i
A
e sy e
P e
& Bport ) and then select Unlink Prototype’ menu item to unlink a prototype.
e e nioce
0 ke e e

UninkPrototype

Fiter matched 3 of items

o PHCmdNNIfo{const reqMsg”, esphsgr, v

= - PHCANNRun{const easg” respMsg”, e
® Bebug Clese PHCmdFunclab: sPbCmdFur
(22 Probiems ) ke @ Comvole £ [ Properties s % &M@-8-=0
COTBuild Consale 8591
16:36:43 *7* Increnental 0uild of configaration Debug for project 659 *++°
mske 36 all
rm-none-cabi-size  059.e1f
ot dats | bee nex #ilenans
709 12 6aS6  selas  d30 Osp.lf
Finished building: cefaule.size.stdout
16:3:34 Duild Finished. © errors, 9 warnings. (took 1s.180ms)
& /BSP/Drivers/STMRL 500 HAL Driver 5

R Nowex

[I Debug Configurations ] x

‘Create, manage, and run configurations

OF®

[ type fitter text

Name: | BSP Debug

Main (3% Debugger = Startup| B Source| [5] Common|
[E] C/C++ Application GDE Connection Settings ~

% E;EH J:ttach tﬂApﬂD“ftmﬂ (O Autostart local GDB server Host name or IP address | localhost
++ Postmortem Debugger .
[E] C/C++ Remote Application @ Connect to remote GDB serve Port number 61234

[5] GDB Hardware Debugging

£ Launch Group Debug probe | ST-LINK (ST-LINK GDB server)
[ Launch Group (Deprecated) GDB Server Command Line Options
v [ STM32 Cortex-M C/C++ Application Interface
BSP Deby
= eoug @ SWD OIAG
ST-LINK S/N Scan

Frequency (kHz): Auto

Access port: 0- Cortex-M33 -

Reset behaviour

Type: | Software system reset

Serial Wire Viewer (SWV)

[ Enable
Clock Settings
Core Clock: | 160 MHz

Revert App
Filter matched 9 of 10 items =E PRIy

@

k. VYkasaTb ip address v port U3 napameTpoB NnaTbl, KOTOPbIE 3aNOMHUMN B
NyHKTe e. pasgena 1.

I. Haxatb Apply
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S.

m.

Debug Configurations o x
Create, manage, and run configurations ﬁ
FeRX BT~ Mame: | BSP Debug ]
[ type fitter text [5] Main % Debugger = Startup| 1 Source| [ Common
[E] C/C++ Application GDE Connection Settings ~
[E] C/C++ Attach to Application O Autostart local GDB server Host name or IP address | 78.37.24.188
[£] C/C++ Postmortem Debugger
[5] €/C++ Remote Application @® Connect to remote GDB server Port number
[5] GDB Hardware Debugging
£ Launch Group Debug probe | ST-LINK (ST-LINK GDB server] ~
# Launch Group (Deprecated) GDB Server Command Line Options
~ [ STM32 Cortex-M C/C++ Application I
BSP Deb
= @ 5w Omé
ST-LINK S/N Scan
Frequency (kHz): Auto
Access port: 0- Cortex-M33 -
Reset behaviour
Type: | Software system reset
Serial Wire Viewer (SWV)
[JEnable
Clock Settings
160 v
Filter matched € of 10 items 2 S

3anyctute Debug, goxpgaTtecs cbopkm n Hadana gebara.

B npoekTe npeaycMoTpeHa ToYka OCTaHOBKM Mo ymMonyaHuo: Temporary
breakpoint 2, main () at ../Src/main.c:79 HAL_Init(); Mpv ee goCTMXeHUN Hado
HaXaTb Ha NPOLAOIKEHME OTNAAKM, MOCIe Yero niarta npogokmT paboTy.

B pesynbTtate B pasgene Video and Interaction cepBrca MOXHO yBUAETb
pesynbTaTt paboTbl OOHOBMEHHONW NPOLUMBKM B OKHE TEpMUHana

PMEHARDWARE|  Boards Forum  Contacts Alexander | Logout

A

Board: STM32L562E-DK #4 Switch the board's power: @)

[} soardReservaon o UART Terminal | Virtual Sensor &

5:6:3 Connection and Tools O
N

L 1
Bt e in
ey Yy T8
4 i3

cars | kg
: %, N L
IEI Video and Interaction O j 1 lfﬁ:wﬁ )
2 p
e gt

sess 4710 portsalbhw A

g -

O6paTtuTe BHMMaHuWe, 4To AedonTHasa NpowmnBKa nnatbl Obifia 3aMeHeHa Ha
cobpaHHy0 HaMu: 3kpaH nnaTbl NepecTan nokasbiBaTb agpec cepBuca U BECTM
OTCcYeT TUKOB, a B TepMmnHarne nosiBunacb MHopMaLums O Halen HEMPOHHOWN
cetu

i Do B B

% B m

lMnaTa rotoBa pacno3HasaTb n3obpaxeHns uudp!

3. 3axeat usobpaxeHuit c Beb-kamepsbl cepsuca all-hw.com

a.

Cenuac cepsuc all-hw.com nossonseT nony4yatb ¢ Be6 kamepbl NOKkarnbHON
MalLLWHbI CHUMOK U (hOPMMPOBATL U3 HEFO NOArOTOBIIEHHOE M306paXeHus Ans
pacno3HaBaHWUsi HEMPOHHOWN CETbI0 HAa MUKPOKOHTPOINIEPE B PYHHOM peXnMe

Cama nogroToBka M306pa)KeHVIFI ana nepegayun ero Ha Bxon HeVIpOHHOVI cetn -
TeémMa oTAeJ1IbHOro ceMMHapa(yquTb orpaHun4eHnAa namMmaTn, CooTBeTcTBmne
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http://all-hw.com/
http://all-hw.com/

BXOZY CETW U Mp.), B HALLEM BOPKLLIOMNE Mbl OFPaHUYUMCS PYYHON
nocrnegosatenbHo obpaboTkoi

Ins atoro Heobxogumo B pa3gerne Video and Interaction nepeiitn Ha Bknagky
cnpaBa Web Camera

d.

e All-Hardware x 4+ ‘;‘f

& > C O @ al-hwcom/app/indexhtmi#/session @ a %

it Cepeuce Y Bookmarks (g SHODAN - Comput. ¥ Avixop Xoctarr @ Kpyuumkuma Texwn.. @ Pervcrpauvaobpa.. @ 3anonwuts dopmy ' TensorFlow Lite

[MUHAROWARE]  Boards  Forum

Board: STM32L562E-DK #4 Switch the board's power: @W),

UART Terminal Virtual Sensor | Web Camera

1|]| |O
EECROTE TN IETT oo

B sovdnesnaion o

B comectonandrons 0

||5| Video and Interaction ©

T ” ” o Ibi's

el I.;"" 0
lgg,u; z
d AE B Serks
3 Iu 1 :
: 5 B o Ly J‘“m T T
o 3 »
= g ) \ )

o 7 good all.csv

3anycTuTb TpaHCNAUMIO C KaMepbl MOXHO Mo kHonke Start streaming

Mocne cTtapTa TpaHCNAUMKW BUAEOMNOTOKA C Kamepbl kHorka Start streaming
NOMeHsIeT HasBaHue Ha Stop streaming 1 cTaHyT AOCTYMNHbI APYre KHOMKK Ans
NOAroTOBKW U306PaXeHUs

?%:;' All-Hardware

& > C O | & all-hw.com/app/indexhtml#/session =5 a4 @006 nx0:

it Cepeuce Y Bookmarks (g SHODAN - Comput. ¥ Avixop Xoctarr @ Kpyuumkuma Texwn.. @ Pervcrpauvaobpa.. @ 3anonwuts dopmy ' TensorFlow Lite Apyrvie 3aknanki
[WEHARDWARE|  Boards  Forum  Contacts Alexander | Logout

Board reservation ends i 00:59:25

Board: STM32L562E-DK #4 Switch the board’s power: @)

[B}  soardReservation o

UART Terminal Virtual Sensor Web Camera i
Stop streaming Take a shot

8% connectionand Tools ©

IE' Video and Interaction O

Contrast 50 T
Brightness % Dilate

® 7 9 ENG

Mocne cTapTa TpaHCAAUMKW HapUcyiiTe Ha Bymare undpy, KOTOPYLo XOTUTe
pacno3HaTh - Jlyylle MUCMoNb30BaTh MapKep, U NOKaXnTe ee B Kamepy

HaxmuTe Ha kHonKy Take a shot - nsobpaxeHne 3adukcnpyetcs
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i e All-Hardware

€ > C 0 & al-hwcom/app/indexhtml#/session =& Q%X @006 »0Q:

i1 Cepeuce Y Bookmarks (P SHODAN -Comput.. % Avixop Xoctanr @ KpyuuHkuea Texwn.. @ Pervcipauns obpa.. @ 3anonmute gopmy “F TensorFlow Lite Apyrvie 3aknanki

[MUHAROWARE]  Boards  Forum  Comacs Aeander | Logout
Soord esevatonends 1 00156:27

DK3 ‘Lﬁ(\ kSI\]

R, s
g @i |18 s : : :
a'u)”,

(O
L

k. [anee nsobpaxxeHne MOXHO CKOPPEKTMPOBATL NPY MOMOLLM Pa3NINYHbIX
dunbTpoB n obpaboTunkos, kHomnku: Invert, Contrast, Convolute, Dilate,
Threshold, Brightness, Crop Image

[ e All-Hardware

& > C O @ all-hwcom/app/indexhtmi#/session =& Q%X @006 »0Q:
i1 Cepeuce Y Bookmarks (P SHODAN -Comput.. % Avixop Xoctanr @ KpyuuHkuea Texwn.. @ Pervcipauns obpa.. @ 3anonmute gopmy “F TensorFlow Lite Apyrue 3aknaakn
[MUHAROWARE]  Boards  Forum  Comacs Aeander | Logout

W !J]JJ.IJ.!Q

L QQ@Q&? on

z
.
T e

o ENG )

m. MoxeTe I'IOI'Ip06OBaTb pas3nnyHbie npeoGpaaoaaHMﬂ, M3MEHAA NapamMeTpbl
|'|p606pa3OBaHVIF| B COOTBETCTBYHLLKMX NOJIAX BBOOA
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n.

l B All-Hardware x vkl-

& > C O @ al-hw.com/app/indexhtml#/session = @ a %

o

o0 e »0Q :

it Cepeuce Y Bookmarks (g SHODAN - Comput. ¥ Avixop Xoctarr @ Kpyuumkuma Texwn.. @ Pervcrpauvaobpa.. @ 3anonwuts dopmy ' TensorFlow Lite Apyrve 3aknaakn
EWUHAROWARE|  poards Forum  Contacs Aewnder | Logous

o o i 2 005514

M Ok32Us62ESATS [
fal
‘J:L‘JJ‘.';‘.J.‘
3 “ LR J&"'m o

" i.«"h':

{ x
v J Ubh vV
T e .
‘o Hl 8 %t
‘n; : .
l!!l“‘ Vo

™ 7z d) ENG B

0. KHonka Restore - BoccTaHaBnuBaeT n3obpakeHne K ICXOQHOMY BUAY

p. KHonka Resize 28*28 - npeobpasyeT nsobpaxeHue K Hy>kHOMY pasmepy Ans
nepegayun Ha nnary, Nocrne Yero UToroBbli hann MOXHO CkadaTb NO KHOMKe
Make CSV

l B All-Hardware x vkl- ) " %
€ > C 0 & all-hwcom/app/indexhtmif/session =8 a*x ®006e»x0Q:
it Cepeuce Y Bookmarks (g SHODAN - Comput. ¥ Avixop Xoctarr @ Kpyuumkuma Texwn.. @ Pervcrpauvaobpa.. @ 3anonwuts dopmy ' TensorFlow Lite Apyrve 3aknaakn

[MUHAROWARE]  Boards  Forum  Comacs Aewnder | Logous

N DR32LS62ESATS |
SRR RN
WOVLGESTEH

oy

; z =

Segls Z Dise
beeytr )
=

™ 7z d) ENG B

r. Ans obecneyeHus Nnyyuwiero Ka4ecrtBa KapTUHKK OnA pacno3HaBaHUA cneayert
npoBeCcTn onepaunn B Takown nocnegoBaTenlbHOCTH:

m Invert

m Threshold co 3HayeHnem okono 180 - nogobpaTtb nof ocBeLleHne
m Crop

m Resize 28*28

s. Tak e ecTb kHomnka Preprocess image, koTopasi N03BONWT cpasy NoAroTOBUTb
nsobpaxeHue ons nepenadv Ha nnaty. OHa 3anyckaeT nocrnegoBaTenbHoe
npYMeHeHVe HeoBXoANMBIX (PUIBTPOB K M306pakeHWo AN er0 NOArOTOBKM

t. Tpumep obpaboTaHHOro Kagpa ¢ peKOMeHAyeMbIMU NapameTpamm
npeobpa3oBaHuns, aHHbIV Kagp XOPOLUO MOAXOAUT AN HEMPOHHOW CeTn
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Preprocess image ‘50.3.20_50_3

u.

v. [locne coxpaHeHus nsobpaxeHus B .cvs dann ero MoxHo Yepesd CubeMX
OTNnpaBUTb Ha NnaTy C npeaBapuUTesibHO yCTaHOBJ'IeHHOI7I I'IpOLIJI/IBKOVI and
pacno3HaBaHus (CM. cnegyowmnn pasgen)

4. PacnosHaBaHWe pyKOMUCHLIX LGP Ha yaaneHHown nnarte

a. [logroToBbTE U300OpaXKeHMe, KOTOPOE XOTUTE Pacno3HaTb - COXpPaHUTe
dann .csv Ha fnoKasnbHOW MaLunHe

b. Ckavawnte KoHdwurypauuto anst BuptyansHoro COM nopTa co cTpaHuubl
Connection and Tools apeHaoBaHHOM MnaTbl (A0MKHO ObITb
ycTtaHoBneHo Virtual COM port application, cm. [ToarotoBka okpy>KeHusa Ha
nokanbHOW MaluvHe pasgen 7)

c. [lNopgkntounTe KoHGUrypaumto Yepes ytunuty Virtual COM port application,
TepMuHan apeH,EI,OBaHHOI7I nnaTbl CTaHEeT HeAOCTYyNneH

d. BHumaHue! ocobeHHOCTb paboTbl yTUNNTLI COCTOUT B TOM, YTO OTKMOYaTb €€
HY>KHO 13 ancneTyepa 3agad (3agada All-Hardware). Torga TepmuHan nnatbl
CTaHeT cHoBa JOoCTyneH. Tak xe BuptyansHble COM nopTbl MOryT ocTaBaTbCA
B CMCTEMe B aucneTyepe yCTPOMCTB 40 MOMEHTa nepesarpysku.

. o o AL = b NV AORE
< n W ocoe»=0Q:
£ Cepe e @ KopamomaTeon @ Perwcrpauma oépa-. @ Immonmms dopuy P Tensorh
PMEHARDWARE|  Boards Forum  Contacts Alexander | Logout
D
Board: STM32L562E-DK #5 Switch the board's power: @)
[} soardReservaon o UART Terminal | Virtual Sensor &
Terminal is currently disabled
@ Connection and Tools O

et I oownload ]

IEI Video and Interaction O

g -

f. Tnarta rotoBa k NnpMemy n3obpaxeHus onsa pacnosHasaHusa no COM nopty
NoKanbHOW MalUVHbI!

Be o %, B

g. [Ans nepepayv gannos c N306paKeHNsIMIN BOCTIONb3yeMcs CpeacTBaMm
STM32CubeMX

h. Vpgewm B nanky c Hawmm NpOeKTOM U BbiOMpaem dain ¢ paclUMpeHNEM .ioC -
370 hbann npoekta ansg STM32CubeMX
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i. 3anyckaetcs STM32CubeMX ¢ HalwMM NPOEKTOM NPOLUNBKU C HEMPOHHOM
ceTbio
I .

® oy x &/

GENERATE CODE

File Window Help

Project Manager
Vv Pinout
S

Mulimeda
Socurty
Computing
Middewars
Trace and Detug

Power and Thermal

UFBGA132 (Top view - Rotated +90°)

oI oo I R - R T =

k. TNepexoaum B pasgen Software Packs, Haxumaem Ha STMicroelectronics X-
CUBE-AI

w® woor o ® Hov x &7

Project Manager

Middeware

Trace and Detug
Wodel

Power and Themal
gt rocogiser
Total (1)

3223K8 2164 K:
Utities NLIKIB .00 KB 257.54 KB (51200 KiB

Sotware Packs

v SThictoslectronics X CUBE-ALS.0.0

UFBGA132 (Top view - Rotated +90°)

@ ol O A [ [ |

0

m. I'Iepexop,MM Ha BKIagKy C Ha3BaHNEM HeﬁpOHHOVI CeTun and pacrno3HaBaHUAa B
HWXXHEN NaHenm no LeHTpYy
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n.

x

® Hovy x Oy
ojacios -Plnout & Conigurtion

Pinout & Configu Project Manager

smue @ File Window Help
CubelX

‘SThicroslectionics X-CUBE-AL6.0.0 Mode and Configuration

Systam Core g Aicialneligence XCUBE-A |
Deice Appicaion |
Aasiog >
Timers >
Comectiy >
Mutimeda >
Socu >
pehy Modelinputs
|igi_recogniser ]
Computing e J
e = — o <
Midevare >
Mogel CUsersiadariOonmioadsimaist ite ==
Tiace and Dy > =
Poer and Thermal > e e —
omprassion ®
Uiities > Vaidaton inputs: [Random rumbers
Sotware Packs v Vaidaton utputs: [lons ]
v SThcrelectonics

< XCUBEALS00 Complexty: 2852672 MACC
Flash occupation: 257,54 KIB (51200 K prosert)
RAM: 3223 KiB (256.00 KB prosert) | Vadateontaget |
Achiored comprossion: 1.43
Analyss stats

Valdation metics
L xcross #1

Accuacy:  100.00%

MAE 000001 UFBGA132 (Top view - Rotated 430')
RUSE: 000002
£ 000004

Tensor name: a8, aifloat, (1, 1, 1)), m_id=(3] @ I Q @ 4 m 5 Qq

|«
0. Bbibupaem B kayectBe Validation inputs ogunH 13 dannos ¢ Bawmmm Ludpamm
p. .

sy @ Fio Window olo ® oYy x 7

Project Manager

rojectloc - Pinout & Conflguration

)| ‘SThicroslectionics X-CUBE-AL6.0.0 Mode and Configuration
System Core > Avtifcial Ineligence X.CUBE-A1 |
Deice Application |
Andog >
Timers 5
Comnectity > —

Mtimeda >

[Bigt_recogniser ]
Computing > | digtrecos )
i = ] Y T T 5
o it > i
Power and Thermal > = = m EEEE LS e = —
@

Vaidtionnuts: [ CodaROawmIonaGER: |

Software Packs v Vaiidaion outputs: [None ] | stowgan |
;
RAM: 32.23 KIB (256.00 Ki§ present) m

Analysis status

v SThictoslectronics

Valdation metics
L xcross #1

Accuacy:  100.00%

MAE 000001 UFBGA132 (Top view - Rotated 430')
RUSE: 000002
£ 000004

Tensor name: a8, aifloat, (1, 1, 1)), m_id=(3] @ I Q @ 4 m 5 Qq

|«
gq. Haxumaem Ha Validate on Target

r.

Validation on target *

Use communication port: @ Automatic

O Manual  |[COMT

-

Baudrate: 116,200 &

cAutomatic compilation and download
TX pin RX pin
[ Enabled Communication port on the target: |ST-Link | |F'r’-‘~.9 | |F'A10 |

Toolchain / IDE  |STM32CubelDE

MCU Debug interface: |SWD

Press Ok when the project including the validation application has been compiled and flashed on the target.

s. Haxumaem Ha nepekniovaTtens Manual, Beibupaem COM nopt ¢ HEHETHbBIM
HOMeEpPOM, KOTOPbIA co3aanu ¢ NOMOLLBIO YTUNNUTBI B MyHKTe "C" 4aHHOro
pasgena
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t.

Validation on target *

o Use communication port: O Automatic Baudrate: 116.200 =

® Manual |COMS w

cAutomatic compilation and download
TX pin RX pin

[ Enabled Communication port on the target: |ST-Link | |F.i.E= | |P.-"‘«.1IJ |

Toolchain / IDE  |STM32CubelDE

MCU Debug interface

Press Ok when the project including the validation application has been compiled and flashed on the target.

u. Haxunmaem OK - STM32CubeMX HaumHaeT oTnpaensaTb AaHHbIE Ha
yOarneHHyo nnaTy, Yepes kakoe-To BpeMs C nraTbl NPUAET OTBET - Kakas
undpa bbina pacnosHaHa.

V. Ha gaHHOM kapTuHKe nfiata pacnosHana gBOnKy

w

[ Please wait.

o Validation on target

cycles/MACC : 7.50 (average for all layers)

c_nodes 2 7
c_id id dese oshape fmt ms (%)

0 1 Conv2dPool (0x109) (13, 13, 32) floatd2  44.405 22.8%
1 E Conv2dPool (0x109) (5, 5, 64) float32  125.816  64.7%
2 4 Conv2D (0x103) (3, 3, &4) floatd2  21.212 10.9%
3 @ Dense (0x104) (1, 1, &4) floatd2  3.043 1.6%
4 @ HL (0x107) (1, 1, &4) floatd2  0.010 0.0%
5 7 Dense (0x104) (1, 1, 10) float3z  0.057 0.0%
€ E HL (0x107) (1, 1, 10) floatd2  0.022 0.0%

194,565 (total)
Running the TFlite model...
Saving data in the "C:\Users\adark\.stm32cubemx" directory
creating the file: digit recogniser val io.nmpz with all data
m outputs 1: shape=(1, 1, 1, 10), dtype=float32, min/max=[0.000, 0.998], mean/std=[0.100, 0.299]
c_outputs 1: shape=(1, 1, 1, 10), dtype=float32, min/max=[0.000, 0.998], mean/std=[0.100, 0.299]
Computing the metrics...
Cross accuracy report #1 (reference vs C-model)

HOTE: the output of the reference model is used as ground truth/reference value
acc=100.00%, rmse=0.000010700, mae=0.000004841, 12r=0.000033907
10 classes (1 samples)

co 0 .

c1 . 0 .

cz2 . . 1

c3 . . . 0 .

c4 . . . . 0 .

cs . . . . . 0 .

ce . . . . . . 0 .

c? . . . . . . . 0 .

ce . . . . . . . . 0 .
ce . . . . . . . . . 0
Evaluation report (summary)

Mode acc mse mas 12r tensor

X-cross 1 100.00%  0.000010700 0.000004841  0.000033807 =nl_8, ai_float, [(1, 1, 10)], m_id=[8]

X-cross (12r) #1 error : 3.389065627e-05 (expected to be < 0.01)

Creating txt report file C:\Users\adark\.stm32cubemx\digit_recogniser_validate_report.txt
elapsed time (validate): 8.285s

Validation ended

x. [Mosgpasnsto! y BaCc nony4mMnock pacnosHath Lndpy Ha yaaneHHon nnarte!
Tenepb MoxeTe nonpoboBaTe chopMmpoBaTh Apyrie umMdpbl U nepedatb X
ONns pacnosHaBaHus (NoBTopuTe pasaensl 3 n 4)

PaccMoTpeHHbI NprMep NokasbiBaeT BO3MOXHOCTb pa3BepTbiBAHUS TUMNOBOW NMPOLLMBKY
Ha MUKPOKOHTpornepe. Bbl MoxeTe B CreHEPUPOBaHHbIA NMPOEKT BHECTU CBOW U3MEHEHMS,
Hanpumep, B 061aCTN NCTOYHMKA AaHHbIX UMW BbiBOAA pe3ynbTata B TepMUHAI, YToObI
Nony4nTb peLeHne C y4eTOM BalLnX NOTPeBHOCTEN.
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6. [lo aHanorum ¢ paccMoTpeHHbIM NpumMepom Ansg nnatel STM32L562E Discovery MOXHO
co3gaBaTb NPOLIMBKY ANA OPYrMX nnaT, MpucyTcTByoLwmx B cepsuce all-hw.com, ¢ gpyrumm
MoAensiMyU MaLLMHHOTO 0by4eHus.
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https://www.st.com/content/st_com/en/products/evaluation-tools/product-evaluation-tools/mcu-mpu-eval-tools/stm32-mcu-mpu-eval-tools/stm32-discovery-kits/stm32l562e-dk.html

CcbIfnikn Ha maTepuarnbl BOpPKLUONA

anI noaroToBkKe BopKliona ObININ NCNOJSIb30BaHbI
MaTepuanbl U3 cneayrouwmnx NCTOYHUKOB.:

TensorFlow Lite pykosoacTtso: https://www.tensorflow.org/lite/guide
[Moyemy Byayuiee MalWMHHOIO 06y4YEHUS «KPOLLIEYHOEY

MNoyemy TinyML — 3TO ruraHTCKne BO3MOXHOCTU

Google Colab - Balle paboyee npocTpaHcTBO Ha Python B obnake

MNIST Inference - STM32F746 npumep: dimtass/stm32f746-tflite-micro-mnist: MNIST
inference on STM32F746 using TensorFlow Lite for Microcontrollers (github.com)

o M b=

6. How to run neural network on STM32: How to run Neural Network on STM32
(mirzafahad.github.io)

7. Getting Started with STM32CubeAl: Getting Started with STM32Cube.Al

OononHuTenbHblIe CCbISIKU Ha MaTepuarnbl NO Teme
BOpKLIONa:

1. TinyML: Machine Learning with TensorFlow Lite on Arduino and Ultra-Low-Power
Microcontrollers by Pete Warden (Amazon)

2.  MukpokoHTponnepbl — MicroNets: apXMTekTypbl HEMPOHHBIX CETEN AN pas3BepTbiBaHUSA
TinyML-npunoxeHui Ha GbITOBbLIX MUKPOKOHTPOIEpax

TensorFlow Lite Micro: BcTtpoeHHoe MalunHHoe oby4denune B TinyML-cuctemax

Bubnuoteka rnybokoro oby4venus Tensorflow

Machine Learning on Embedded (Part 1)
Machine Learning on Embedded (Part 2)
Machine Learning on Embedded (Part 3)
Machine Learning on Embedded (Part 4)
Machine Learning on Embedded (Part 5)
0. Akagemus Google — TinyML

=2 © ® N o ok~ w


https://www.amazon.com/TinyML-Learning-TensorFlow-Ultra-Low-Power-Microcontrollers/dp/1492052043
https://arxiv.org/abs/2010.08678
https://arxiv.org/abs/2010.11267
https://arxiv.org/abs/2010.11267
https://www.machinelearningmastery.ru/google-colab-your-python-workspace-on-cloud-c3aed424de0d/
https://petewarden.com/2018/06/11/why-the-future-of-machine-learning-is-tiny/
https://scholar.google.com/scholar?hl=en&assdt=0%2C5&q=tinyML&btnG=
https://www.stupid-projects.com/machine-learning-on-embedded-part-5/
https://www.stupid-projects.com/machine-learning-on-embedded-part-4/
https://www.stupid-projects.com/machine-learning-on-embedded-part-3/
https://www.stupid-projects.com/machine-learning-on-embedded-part-2/
https://www.stupid-projects.com/machine-learning-on-embedded-part-1/
https://habr.com/ru/company/ods/blog/324898/
https://www.youtube.com/watch?v=grgNXdkmzzQ&t=720s
https://mirzafahad.github.io/2020-06-16-tflite-stm32/
https://mirzafahad.github.io/2020-06-16-tflite-stm32/
https://github.com/dimtass/stm32f746-tflite-micro-mnist
https://github.com/dimtass/stm32f746-tflite-micro-mnist
https://venturebeat.com/2020/01/11/why-tinyml-is-a-giant-opportunity/
https://www.tensorflow.org/lite/guide
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