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CubelDE projekti, Misko3
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m Al v vgrajenih napravah (,Edge Computing”)

m STM32 CubelDE — Delo s projekti

m STM32 CubelDE, SPI in LIS3DSH

m STM32 CubelDE, 12C in CS543L22

m Misko3 — demo projekt
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Delo na STM32F4 razvojnem sistemu - zgodba

majerle.eu

TILEN MA)JERLE

Knowledge sharing is caring

STM32F4 Discovery
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https://stm32f4-discovery.net/

VIN Projekt — Osnovna platforma
STM Discovery F4 (Cortex M4) STM32F407 ST Di scovery

*STM32F407VGT6 microcontroller featuring 32-bit
Arm® Cortex®-M4 with FPU core, 1-Mbyte Flash memory and ST M 3 2
192-Kbyte RAM in an LQFP100 package
*USB OTG FS
ST MEMS 3-axis accelerometer
*ST-MEMS audio sensor omni-directional digital microphone
*Audio DAC with integrated class D speaker driver
*User and reset push-buttons
*Eight LEDs:
+LD1 (red/green) for USB communication
*LD2 (red) for 3.3 V power on
*Four user LEDs, LD3 (orange), LD4 (green), LD5 (red)
and LD6 (blue)
*Board connectors:
*USB with Micro-AB
*Stereo headphone output jack
+2.54 mm pitch extension header for all LQFP100 I/Os
for quick connection to prototyping board and easy

probing

*External application power supply: 3V and 5V

VIN - LV 4 © Rozman,Skraba, FRI
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Delo na STM32F4 razvojnem sistemu

Lastni viri :

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects

_ Q ]Skanje
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https://github.com/LAPSYLAB/STM32F4 Docs and Examples

https://github.com/LAPSyYLAB/ORLab-STM32
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects
https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples
https://github.com/LAPSyLAB/ORLab-STM32

Delo na STM32F4 razvojnem sistemu

"’ lifer augrrented

UM1725°

User manual

Description of STM32F4 HAL and low-layer drivers

36 HAL I12C Generic Driver
36.1 12C Firmware driver registers structures
36.1.1 12C_InitTypeDef

12C_InitTypeDef is defined in the sim32fdxx_hal_i2c.h
Data Fields

uint32_f ClockSpeed
wint32_f DutyCycle
uint32_t OwnAddress1
uwint32_t AddressingMode
uint32_f DualAddressMode
uwint32_t OwnAddress2
wint32_t GeneralCallMode
uint32_t NoStretchMode

Field Documentation

uint32_t12C_InitTypeDef::ClockSpeed

Specifies the clock frequency. This parameter must be set to a value lower than 400kHz

uint32_t I12C_InitTypeDef::DutyCycle

Specifies the 12C fast mode duty cycle. This parameter can be a value of 12C_dufy_cycle_in_fast_mode

wint32_t 12C_InitTypeDef::OwnAddress1

Specifies the first device own address. This parameter can be a 7-bit or 10-bit address.

wint32_t 12C_InitTypeDef::AddressingMode

Specifies if 7-bit or 10-bit addressing mode is selected. This parameter can be a value of

12C_addressing_mode

Lastni viri :

=7 Y Contnt
Contents
1 General information ..........iiiii i it i it 3
2 Acronyms and definitions. . ... . ..o i s 4
3 Overview of HAL drivers
3.1 HAL and user-application files. . ... .. . e 8
3141 HAL driverfiles . ... .. .. ... ... ..................8
3.1.2 User-application files. .. . ... ... . i i e e s 8
3.2 HAL data structUures .. ... e s 10
3.21 Peripheral handle SIUCIUTES . ... ... ... i 10
3.22 Initialization and configuration structure . ... ... . . 1
323 Specific process structures . . ... ... 12
33 APl classification . .. ... . e 13
3.4 Devices supported by HAL drivers ... ... ... ... ... . ... . . 14
3.5 HAL driVEr TUIBS. ... .o e s e e e e 16
351 HAL APT naming fmulEs. . .. ... e e e e e 16
352 HAL general naming rules. .. ... ... L. e 17
353 HAL interrupt handler and callback functions . ... .............................. 18
3.6 HALgeneric APIS .. ... . e 18

https://github.com/LAPSYLAB/STM32F4 Docs and Examples
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https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples

elo ha STM32F4 razvojnem sistemu

Prikljuditev :
* Mini USB

priklop na kra

STM32 CubelDE

 https://www.st.com/en/development-tools/stm32cubeide.html

Si stranici, svetita rdeci LED diodi

[ cubelDEWorkspace - LED_PWM_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

R4 SvAvhnddvEvEvErovOovArids v HRN Iy HvOIGvL (@

i Project Explorer * A

@ OR ~
©RA
v &VIN
v @ STM32F4_Discovery_Projects (in STM3274 D
& Audio_playback_and_record
& Buzzer PWM_Demo
I Initial Breadboard VIN
& LED_Blink_Demo
[ LED _Blink_Demo_QEMU
~ [ LED_PWM _Demo
& Includes
v @ Core
& Inc
v @S
14 main.c
@ stm32f4xx_hal_msp.c
& stm32f4xx_it.c
@ syscalls.c
4 sysmem.c
@ system _stm32fdxcc
& Startup
& Drivers
@ Middlewares
i USB_DEVICE
@ Debug
Berime.txt
& LED_PWM_Demo.ioc
LED_PWM_Demo Debug.launch
W STM32FA07VGTX_FLASH.Id
i STM32FA07VGTX RAMIA

Berimett  WILED_GPIO_C Baremetal Cioc (@ mainc @ mainc (@ stm32f4xc hal gpio.c 1 stm32f4oc hal gpioh & main.

97  MX_GPIO_Init();

98  MX_SPI1_Init();

99 MX_USB_DEVICE_Init();
100 MX_TIM4_Init();
101  /* USER CODE BEGIN 2 *

103 HAL_TIM_PWM_Start(&htimd, TIM_CHANNEL_1);
104 HAL_TIM_PWM_Start(&htim4, TIM_CHANNEL_2);
185  HAL_TIM_PWM_Start(&htimd, TIM_CHANNEL_3);
166 HAL_TIM_PWM_Start(&htim4, TIM_CHANNEL_4);

107

108 /* USER CODE END 2 */
109

IBCE /* Infinite loop

SBEW /* USER CODE BEGIN WHILE */
SEEN  while (1)
{

113 [
114 htim4.Instance->CCR1 = duty;

115 htim4.Instance->CCR2 = 10@-duty;

116 htim4. Instance->CCR3

117 htimd.Instance->CCR4 = 100-duty;

118

119 /* USER CODE END WHILE */

120

121 /* USER CODE BEGIN 3 */

122 snprintf (SendBuffer,BUFSIZE,"USB:0.1 secs. Duty=X%dX¥%\r\n",duty);
123 CDC_Transmit_FS(SendBuffer, strlen(SendBuffer));

124

125 duty = (duty + 1) ;

126 if (duty > 100 )

127 duty = ©;

128

129

130 HAL_Delay(16@);

131

USER CODE END 3 */

v [ STM32_USB _Key_LED
# Includes.
v @ Core
= Inc
v &5rc
@ gpio.c
@i2ce
4 i2s.c
@ main.c
@ spic
@ stm32f4xc_hal_msp.c
4 stm32fdxc itc
4 syscalls.c
18 sysmem.c
@ system _stm32fdxcc
& Startup
& Drivers
@ Middlewares
A 1168 NEVICE

* @brief System Clock Configuration
* @retval None

12 Problems  Tasks © Console [ Properties
<terminated> LED_GPIO_C Baremetal C Debug [STM32 Cortex-M C/C++ Application] ST-LINK (ST-LINK GDB server) (Terrr

Verifying ...
Region
Download verified successfully

Shutting down. ..
Exit.

(-] Writable

axXRk| ApFPEE MO vy =0 w» Build Analyzer

Memory Regions Memory Details

©

& Static Stack Analyzer

Size Free

134:1(535)

Outline = @ Build Targets
u mainh

o ush_deviceh

* hspit

© htimd T

# BUFSIZE

« SendBuffer

+ SystemClock_Config(void)
' MX_GPIO_Init{void)
MX_SPI1_nit{void) : void
MX_TIM4_Init{void)

« mainivoid) : int

® SystemClock_Config{void) : v
* MX_SPI1_Init{void)
¥ MX_TIM4_nit(void)
IX_GPIO_Init(void) :
« Eror_Handler(void) : voi

Used Usage (%)
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https://www.st.com/en/development-tools/stm32cubeide.html

VI N prOJekt .— -VE:XES-VE(EE:&-ZZ-ZV:(BK-} 5 oF i + \' CubelDE projekt X -
. :‘mm::e : T e —
Spisek opreme J B
Tipala za delo

sreda, 31. marec 2021 18:50

Preberi me

: Tpala za delo

I C SR04 UZ Senzo

I tipalo

Time-of-flight

37 in 1 sensor kit f
KY-005 in KY-0
KY-015 DHT11
KY-024 LINEAR
KY-028 Digital t
KY-032 INFRAR

Rain drop Sensor

Soil Moisture sen

DHT22 Humé&Te

Tranzistor BC 337

f“‘"

LR A N

L]
L
o
e
°
°
L]
®
®
°
L
o
-
L
o

Q.'ﬂ..‘...ﬂﬂ...

PIR Napion Senzor
MPXV10GC7U Se
LPS35HW tipalo p
LCD zasloni
SSD1306 OLE
Nokia5110 gra
Icd 2x16 pvct

Izhodne naprave
Moduli
SensorTile.box ST
LSM6DSOX + STEV
LSM6DSOX
LSM6DSOX
RTC modul
SD Card SPI
WS2812 NeoPixel

Platforme

.-----------------_l
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IN projekt
Ideje

L :! _KnjiZnica vsebine

IN-VSP 2021-22 zvezek | 5

g%

r

4
| VINProjekt- Ideje ¢ .. -

)

CubelDE projekt

Brezstitno zaznavanje - CapSense\

nedelja, 24. april 2022

Capacitive Sensing Library

by Paul Badger

11:28

How it works
Receive pin

Send pin

- 1 PNP ol U PSR ) S [ S |

[ P S | (g

-

e — e .

A lti- Add Page I

| Preberi me
I Spletni viri
1 Temne, podrodja

\

Brezsticno zaznavanje
Logi€ni/protokolski a
Sigrok - SW
Red Pitaya
Prakticni izzivi v LAPS
L5SM6DS0X (30 kosov
DIY hodedi robot
Breadboard samogra
Gibanje
Joystick
DIY osciloskop 5TM32

Arduino

Projekti VIN,OR do sedaj

MPLB030_Pilotiranje_
VREMENSKA POSTAJ
Simulacija logike dvig
Daljinske upravljanje
Gamelad - igralna ko
Ultrazvacni Merilnik V

VIN - LV
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VIN projekt

Vasa tema ?

— MVINVSP 2021-22 Zvezek| 5 R —p—— |
LL#® prostorza sodelovanje [ | VINp iTeme ' - + | CubelDE projekt = v|

A + Add Page =

Preberi.me :
Preberi.me

sreda, 16. marec 2022 18:09

Tukaj lahko objavljate svoje vsebine, vas VIN projekt: RR

* MNaredite svojo stran z naslovom VIN projekta
* Maredite lahko podstrani z razli€nimi vsebinami (viri, gradiva, sheme, ...
* |mejte kopijo v svojem osebnem zvezku - tukaj lahko spreminjamo vsi vsebino.

VIN - LV 12 © Rozman,Skraba, FRI
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VIN projekt - VP5: STM32-Edge computing,
CubelDE projekti, Misko3
m VIN projekt

[- Al v vgrajenih napravah (,Edge Computing” ) }

m STM32 CubelDE — Delo s projekti

m STM32 CubelDE, SPI in LIS3DSH

m STM32 CubelDE, 12C in CS543L22

m Misko3 — demo projekt
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dge computing
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" N
Edge computing

Smart system challenges
Moving to edge computing

CLOUD COMPUTING EDGE COMPUTING
Collect and send data Protocol translation and Big Data and
device management heavy computation

{3“@{;\ - =) & Time-sensitive applications should be locally processed
G <o e () o
- S e LD
&
«®
Optimized computation

Collect, Process Local Processing of Data and Advanced Analysis

3 Mission-critical functions
3§ I Qo Th L 1T '|' ARLE u " (_H\BI And S&nd Data
‘ Wwith [T1

{3} N 11100101 101010011 1000111001 — g Dppnr!unlty: wmp'-'tm\r?mse 0
@ & bt e e ’ i processing for real-time elaboration and best power efficiency
Privacy and security considerations

_E:_
=

Power consumption

© Rozman,Skraba, FRI
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dge computing

Al is moving to the edge I

Capabilities included in a project Advanced technology in a project

m Currently Using 2019 [N = 194)
Real-time capability 5‘”‘59-& Considering Using 2019 (N = 314

Digital signal processing I 51'@6“

43%
Embedded vision
Metworking capability 40‘!%4% 3T
Analog signal processing T "“ﬁm "'T: ' L EZ
capabilities
; ity 47,
Wireless capability 435_'.-“ T 68%
Battery-powered |—————— %‘;{; Embedded speech 7%, of EMEA users
. are considering
Rugged design EG—_—————— 3':&,{_ I using Machine
- ) oy Learning
U % e, 2018 (N = 843) 38%
Al (machine learning)* @ 2017 (N = 1,107) Virtusl Reality (VR) capabilities [ 1:;;
GPU* 9%
& Augmented Reality |AR) capabilities - i 19%
ASPENCORE *Al and GPU were added in 2019. | A FENGOUE

+ 15% of embedded projects already include Al in 2019
+ Pervasion of Machine Learning and other Al capabilities

VIN - LV 16 © Rozman,Skraba, FRI
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dge computing — moduli, tipala

LSM6DSOX — SensorTile.box

’_----------------------------------------------------.

. ~

'l Cabture data Label data Build Embed Process \

i P decision tree decision tree new data :

: i d?’ :

I :“f i

: > > : i ﬁf‘ i ) I
- Accelerometer ; I
< : > Filters > Classification ; |
% I > Gyroscope > - DT tati > ) Real-time test > :

; : implementation /:
1 > Features > Results i e 5 I
\ > External sensors > ; ' ; /
SensorTile.box SensorTile.box
+ STEVAL-MKSBOX1V1 { - - - i+ STEVAL-MKSBOX1V1
I E i ! ,
ol B NOUSB cable: . wmieoguUl* . NoUSBcable:
= . STBLESensor Ynico GUI .+ STBLESensor
) | *External tools for building decision tree: With USB cable:
g Wih USB cable: Weka, RapidMiner, MATLAB, Python .+ EP-SNS-STBOX1
« Unicleo GUI ] .+ Unicleo GUI

(for advanced level)
= AlgoBuilder

VIN - LV 17 © Rozman,Skraba, FRI
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dge computing — moduli, tipala

BHI260AP ) BOSCH

Ultra-low power, high performance,
self-learning Al smart sensor with
integrated accelerometer and gyroscope

LSM6DSOX Unique Performance

Distance

E v . optimization
| . | atsystem | l

! : level |

B Full activity i B .

@l monitoring ':2,%2;2:'

W processing ! A’ . %

__________________________________________

LSM6DSOX adapter board
for a standard DIL24 socket

VIN - LV 18 © Rozman,Skraba, FRI



.'.E_

dge computing — moduli, tipala
)

LSM6DSOX Unique Performance

7

~
0OND "R 38 OO0 odn Oon

-
-

-

High Accuracy
Noise: Gyro 3.8 mdps/\VHz

& compressed 9kB FIFO

Sensor HUB

Accelerometer 70 pg/VHz
h LSM6DSOX

Low Current Consumption

Embedded Pedometer 2.x

LSM6DSOX adapter board
for a standard DIL24 socket

WeChat Compliant

0.55mA HP combo

‘
%b B

-15% vs. LSM6BDSL/M

QIS Stabilization Core

Q

Q +
f X3 mm O
New ultra low power Axl: : 25xx0.86
14uA @100Hz ODR '

New Standard Protocol ]

13C /12C / SPI

Finite State Machine &
Machine Learning Core

Machine Learning Core

Start node

node

Finite State Machine

RESET

RESET

COMMAND
PARAMETERS

RESET
CONT

FSM & MLC allows sensors to process data with reduced help of a host MCU

VIN - LV 19
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" JEE
VIN projekt - VP5: STM32-Edge computing,
CubelDE projekti, Misko3
m VIN projekt

m Al v vgrajenih napravah (,Edge Computing”)

{ m STM32 CubelDE - Delo s projekti }

m STM32 CubelDE, SPI in LIS3DSH

m STM32 CubelDE, 12C in CS543L22

m Misko3 — demo projekt
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CubelDE — delo s projekt

Vzpostavitev zacetnega projekta :
« Kopiranje projekta Cube MX I:
* Znotraj CubelDE

Kopiranje CubelDE projekta z CubeMX .ioc da
1) Edit > Copy.
2) Edit > Paste.

@
3) Preimenuj .iW

5) Project > Clean.

6) Generiraj kodo s CubeMX.

7) Project > Build Project.

8) Debug As Stm32 Application.
9) Debug aplikacije.

4) Zbrisi Debug.launch dato%r

Skopiram, preimenujem ioc, generiram kodo, briSem Debug.launch, clean in build

+ Kopiranje projekta Cube MXII:
° Uporaba OrOdJa STM Cube Project Copy

€=

I8 Copy Project

Project name: | STM32_SPI_LIS302DL_Basic

[ Use default location

Location: ‘

Browse...

Choose file system: | default ~

Project location directory must be specified

Copy

Cancel

5TM32_SPI_LIS302DL _Basic.ioc
SR 5B KeytEBaunch—

-------’

Uhodni Projekt: |/

Ime Hovega Projekta: |NewProject

Kopira) Projekt

Pomoé

Brskaj

https://github.com/LAPSYLAB/STM32F4 Docs _and Examples/tree/main/CubelDE

[ Izberite mapo

«

Organiziraj »

v [}« Cub.. >

& Sluzba

@ Workspaces
&/ Arduino_IDE

&/ BlucPil
&/ CubelDE

Misko3
ORLab-5TM32

STM32F4_Discov.. »

Nova mapa

ORLab-STh32_TODO_Projects

STM32Cube_FW_F4_VTZ6)
STM32F4 Discovery_Projects
STM32F4 Discovery_TODO_Projects
STM32F4_Discovery_VIN_Projects

v

<

X

v o O Preiséi STM32F4 Discovery....

Datur

Ime

@ Audio_playback_and_record

e n e e oo0e

git

Buzzer_PWM_Deme
Initial_Breadboard_VIN
LED_Blink_Demo
LED_Blink_Deme_QEMU
LED_GPIO_C_Baremetal.C
LED_PWM_Demo.
STM32_SPI_LIS302DL_Basic
STM32_USE_Key_LED

Mapa:

STM32_SPI_LIS302DL_Basic

Izberite mape

VIN - LV
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https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/tree/main/CubeIDE

CubelDE — delo s projekt

Vzpostavitev zacetnega projekta :

« Uvoz obstojecega (npr. Github)

Open projects from File System

m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run \

New Alt+shift+N > | %
Open File... 5
. Open Projects from File System...
I} Recent Files >
Import Projects from File System or Archive ] X
Import Projects from File System or Archive B

This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.

Select project(s)

* Nov projekt CubeMX z .ioc datoteko

.oc datoteka vsebuje tudi vezave

New -> STM32 Project from... (.ioc)

MiSko3 ima samo .ioc datoteko

* Nov projekt CubeMX ->

New -> STM32 Project

(ze naredili — sledi povzetek)

Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\CubelDE\STM32F4_Discovery VIN ~ ‘ Directory... Archive...
L [type fiter text | Select Al
Fold I It A
o |roler mport as Deselect All
STM32F4_Discovery VIN_Projects Eclipse project
STM32F4_Discovery VIN_Projects\Audio_playback_and_r Eclipse project 2 of 8 selected
O v | [] Hide already open projects

" [ Close newly imported projects upon completion
: Use installed project configurators to:

! Search for nested projects

Detect and configure project natures

E workspace_1.6.0 - Test/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Mavigaste Search Project Run  Window Help

New Alt+Shift+N » Makefile Project with Existing Code =]
Open File.. C/C++ Project
(4 Open Projects from File System.., m STM32 Project
Recent Files > m STM32 Project frem an Existing STM32CubeMX Configuration File (ioc) l}
Ctrl+W i P’l Create a New 5TM32 Project from an Existing STM32CubeMX Configuration File (.ioc) i

Close Editor

I

VIN - LV
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CubelDE — Vzpostavitev novega projekta

Nov projekt
m CubelDEWorkspace - STM32_USB_Key_LED/Berime.txt - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run Window Help

G R 0 & & &N _§ & _§R_§B § N __§N_§B _§N_ Y
. New Alt+Shift+N > g1 Makefile Project with Existing Code

LB B & B B B _§B & _§ _§B _§ _§ _§ _§ | s

Open File... ré&ﬁﬂ“ﬁ———————————————,
STM32 Project from an Existing STM32CubeMX Configuration File (ioc)
9 Project...

sz frnis Cresy Convert to a C/C++ Project (Adds C/C++ Nature)

Close All Editors Ctrl+Shift+W & Source Folder

Save Ctrl+S & Folder

Save As... & Source File

Save All Ctrl+Shift+S [ Header File

Revert [% File from Template

Move.. @ Class

Rename... F2 = hE Tz 7 USER CUDE BEUIN P = =
&1 Refresh F5 15 #define BUF - L v W
[[ sTM32 Project 3 _— IZberl plOSCO =

Target Selection * = N eXt

& STM32 target or STM32Cube example selection is required o EnizraTeDEC_ v]

Number

. - onics STM32F
sy lir{cBs[E{e3 M Discovery Kit Board Suppo
Examples

Vendor >

. Part Number : Unit Price (USS)|
Vol v = STM32F4DISCOVERY
[acTive] ,cyive

Commercial Part
Product fs in mass preduction  Number :
Check/Uncheck All STM32F407G-DISC1

Board Filters D oscovry 4

2 B O -
* B -

Commer(rh---------\
Part STM32F407 ~ 1 O

Boards List: 1 item
Number |1 STM32F407G-DISC1 1 . S

MCU/MPU Series 2
¥ % ¥ & & % & & 8 4 Check/Uncheck All | I

2 — Poisci plosco

£

MCU/MPU Selectcr [FBoard Selector

Mounted Device

The

STM32F4DISCOVERY Discover
kit leverages the capabilities of
the STM32F407 high-performanc
microcontrollers, to allow users t
develop audio applications easil:
It includes an ST-LINKIV2-A
‘embedded debug tool, one
ST-MEMS digital accelerometer,

oxia dinital sintanbons: ane. s

STM32F407G... Di... Active

--------------'
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Osnovni projekt CubelDE — CubeMX

v .

Konfiguracija : prikljucki, knjiznice

rSTM32Cube MCU packages and embedded software pack:

® Copy enly the necessary library files

O Add necessary library files as reference in the toolchain project configuration file

Project Sattings.
Project Narme
LED,_GPIO_C,_Barematal C

€S _12CISPI [LIS3|

Project Location
[D:\DelovniCubel DE\CubelDi

Application Structure

|Advanced

(Generated files
[ Generate peripheral initialization as a pair of ".c/.h' files per peripheral

[ Backup previously generated files when re-gener

I Keep User Code when re-generating

Delete previously generated files when not re-generated

HAL Settings
[] Set all free pins as analog (to optimize the power consumption)
[ Enable Full Assert

 Template Settings:

Select a template to generate customized code

Toskhain Foider Location

[ Ba not generate the main()

Teakhain / IDE

[sTM3zCUbeIDE |

Linker Settings
Minirmusn Heap Size

lox200

Minimum Stack Sze  [0:00 |

Theaad-safe Ssttings
Conex-MaNS
(] Enabie muti-threaded support
Thresd-safe Locking Strategy

Mapping sutabis s

Mew and Firmware Package

HSE, - HSE_RTC

Input frequency

RTC Clock Mux Fi

Mcu Reference
STM3ZF407VETx

O

ware Packags Name and Version

PDM_OUT

B1 [Blue PushButton]

nding on RTOS selection,

[ Use lstest avalsble version

LSE
LSE »
KH
‘ LSIRC J—LS‘> ®
32 KHz
HSIRC

16 MHz

gl To IWDG (KHz)

System Clock Mux

TapRgE——
SYSCLK (MHz)

AHB Prescaler

1

11w

168

HCLK (MHz) APB1 Prescaler

PLL Source Mux

PLLCLK

Input frequency 8

X336 vl /2 ~

sZ-z--I-------

168

-
MainPLL ;g

12S source Mux

PLLIZSCLK PLLIZSCLK

X192 V|—| 12 L
N TR
, PLLIZS
Input frequency R
MCO2 source Mux
MHz
_SYSCLK

| PC15-0SC32_0UT

OTG_FS_PowerSwitchon

[LIS302DL_INT2]

]
=
o
=
o]
=

02DL_CS_J2CISPI]

PC14-0SC32_IN

PHO-0SC_IN
PH1-0SC_OUT

MP45DT02_DOUT]

[c543L22_SDA]

Audio_SDA

o

3 4 s 3

=

z 3
i & Z 3
& g H o
z i 5 4
2 23 2 3
o ) 3 8
5 g e
3 S5 -
a 4B F- T
I g @ @ =)
g e - 4 4 3
3 = £ 3 @ @ =
B n o < o o 2

STM32F407VGTx

LQFP100

memeory and DMA (MHz)

To Cortex System timer (MH,

FCLK Cortex clock (MH

APB1 peripheral clocks (MHz)

APB1 Timer clocks (MHz)

APB2 peripheral clocks (MHz)

APB2 timer clocks (MHz)

48MHz clocks (MHz)

125 clocks (MHz)

7
3
=
&

H

g
535 8 = <
5g 88 5 5]
559 ¢2 5 o
'3 < o @ g
%8¢ £
2423 8
2g 3 3 2
38209 H
S22 4 H
]
g3¢2¢g ]
P X
& a5 o
49 g

o

4 — Preveri
nastavitve
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SWDIO
OTG_Fs_DP
OTG_F5_DM
0TG_Fs_D
VBUS_FS§

1283_MCK [CS43L22_WCLK]
LR 4

LD6 [Blue Led]

LD5 [Red Led]

LD3 [Orange Led] I

LD4 [Green Led]
LN



Osnovni projekt CubelDE — USB Virtual COM Port

Konfiguracija : USB Device,CDC Class = Virtual COM Port

Berimetxt [ *LED_GPIO_C_Baremetal C.ioc &
Berimext [ *LED GPIO C Baremetal Cé
. . —
Pinout & Confi

E—T- Device

Pinout & Configuration Clock Configuratid
v Software Packs

a ] USB_DEVICE Mode and Configuration
Categories | A->Z

Tiners

Class For HS IP|Disable |

Categories | A Wode Connectivity ™ Class For FS IP Disable ~
N Mode |Device_Only + Disable
System Core = CANT Audio Device Class
T rrrir T N N BEN EEN N BN S . .
ﬁ Activate_SOF CAN2 Communication Device Class (Virtual Port Com)
Analog 5 _ @ EmH 5, PR SO, P . . e e e
Activate_VBUS FsmcC Human Interface Device Class
] + 12C1 Custom Human Interface Dg s (HID)
Timers } @ 12c2 Mass Storage Class
12C3
N I . . @ sDIO
foman v o

-

CANT1 @ UARTY
CAN2 - @ UARTS
@ USAR =
o Virt. COM Port"
FSMC USART3 5y -

piliand USARTS
v USB_OTG_FS
° :222 USB:OTG:HS Configuration
@ sDIO
Ve Multimedia
SPI2
Security
@ UART4
@ UARTS Configuration Computing >
© USART1 -
USART2 Reset Configuration — s o
A @ NVIC Setti @ GPIO Seti .
[Ni=yN=hy €tlings ettings FATFS
~r e . e P i Y FREERTOS
ter Sett @ Uu Constant
) VESTEEEEE e
L 8 B B N B _§ |
MBEDTLS
L2 ¥ B I
([ Gos oeviee
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I CubelDEWorkspace - STM32_USB_Key LED/Core/Src/main.c - STM32CubelDE

. . . e Edit Source Refactor Navigate Search Project Run Window Help
Osnovni projekt CubelDE — USB Virtual COM Port EBIB & BInbiH S| Opm P
Project Explorer & Close Project }
Program : za poSiljanje po USB Virtual COM Port o BuldAlL s

& RA '
/* Private variables -------------------oee oo v &VIN ..rm,_l_

v & STM32F4.Discovery_Projects (in ST\ :" g =

. Clean...
» = Audio_playback_and_record

/* USER CODE BEGIN PV */ ‘ » I Buzzer PAWM_Demo Build Automatically
#tdefine BUFSIZE 256 » [ Initial_Breadboard_VIN Build Targets >
char SendBuffer[BUFSIZE]; > [ LED Blink_Demo C/Ct+ Index ,
. . + [ LED_Blink_Demo_QEMU
int Counter; » [Z LED_PWM Demo @ Generate Report

& Generate Code

/* USER CODE END PV */ « [ STM32_USB_Key_LED

> @l Includes
v (& Core

Properties

/- USB
- VCPKoda 8 — Build
/* Infinite loop */

/* USER CODE BEGIN WHILE */ pI’OjECt

while (1)

{
snprintf(SendBuffer,BUFSIZE,"Hello World [%d]\r\n",Counter++);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL Delay ( 19@@) ; m CubelDEWorkspace - STM32_USB_Key_ LED/Core/Src/maing ol M32CubelDE_ -

File Edit Source Refactor Navigate Search Proj Run Window Help
} HvdeleEvhvainidigyaer e @ Run

/* USER CODE END 3 */ & Project Explorer 2 ‘_m

~ = FRI Run History

> =2 O0R O RunAs
= RA L= T U ST S

9 — Debug
p rOJ eCt © Rozman,Skraba, FRI
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Osnovni projekt CubelDE — USB Virtual COM Port

Program : sprejem na PC strani (povezava z Micro-USB kablom)

:'; & Upravitelj naprav

¢ Datoteka Deanje Pogled Pomod

iq dm = U ") !.x .
i\

@ USB Composite Device
@ USB Mass Storage Device
¢ USB Root Hub
@ USBRoot Hub
¢ US8 Root Hub (US8 3.0)
& Krmulnika za zvok, video in igre
LI) Midke in druge kazalne naprave
I f-ﬁ;‘ve.e s rn‘,,]m'r','.r opremoe
9§ Naprave z univerzalnim serijzkim vodilom
BF Omreine kartice
- Pogoni DVD/CD-ROM
B Prencsne naprave
3 Procesosji
[ Racunalnik
g3 Sistemiske naprave
=3 Tipkovnice
#8 Vnosne naprave (HID
v @ Vrata (COM in LPT
W Communications Port (COMT)
W Intel(R) Active Management Technology - SOL (COM3)
W Pninter Port (LPT)
JJ V .cmfmvwc“'m&:‘*'mw! COM Port (COM14)
W USB Senal Device (COM15)
(0 T

& Zvoéni vhodi in zhodi
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m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help
NvHR® ] v@Rinidig~ &~ Open Project

CubelDE — Zagon, debug o s

> =2 O0R

Build Configurations >
= RA
v &VIN Build Project

o STM32F4 Discovery Projects (in T uld Working Set

Prevajanje, zagon :

R R ; > = Audio_playback_and_record Qe
* Project -> Build Project 2 Buvrror PAM D Build Automaticall
m CubelDEWorkspace - STM32CubelDE s >
File Edit Source Refactor Navigate Search Project Run Window Help . >

OvE @ ®v&] ~v@inidigy &~ > @& Run
& Project Explorer &
v =2 FRI

> = 0R

Run History
O RunAs

Run Configurations...
v =VIN

v = STM32F4 Discovery Projects (in STM32F4 DI
> = Audio_playback_and_record

Debug History
4+ Debug As

° Run -> Debug > [0 Buzzer PWM _Demo Debug Configurations...
> [ Initial_Breadboard_VIN Breakpoint Types
> [ LED_Blink_Demo

@ Toggle Breakpoint

o MEarm Nl M o TRaAn

[I3 CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Refaﬁ)rﬂhﬁah S8 e Rroject Run Window Help

iyl @isgm(Sroumsrze s tiditryOy Qv ridy
= Project B/STSY - - ——ud Berime.txt  [E main.c [ stm3
~ [ LED._Blink_Demo Debug [STM32 Cortex-M /¢ 7> 7 @retval ant
. ~ & LED Blink D If [ . 0] 74 /
« Step (Into,Over), Breakpoints PO f 75°int matn(void)
] ] ~ o Thread #1 [main] 1 [core: 0] (Suspended: 7¢ {
= main() at main.c:84 0x800057¢ 77 /* USER CODE BEGIN
2 arm-none-eabi-gdb (8.3.1.20191211) 78 .
W5 ST-LINK (ST-LINK GDB server) ;Z /* USER CODE END 1
81 /* MCU Configuratio
82
8 w211 per
HAL_Init();l
LB B N
86 /* USER CODE BEGIN
87
88 /* USER CODE END In

11 — Build <->Debug
project, ...

98 /* Configure the sy
-c-—---‘»x::-f

Toggle Breakpoint
-_—— s e e o
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Osnovni projekt CubelDE — GPIO — nivoji programiranja

Baremetal - zbirnik

INIT IO:
push {r5, re6, 1lr}

// Enable GPIOD Peripheral Clock (bit

/ Load peripheral clock reg address to ré

ldr r6, = RCC_AHBIENR

3 in AHBLENR register)

1dr r5, [ré] // Read its content to r5

orr r5, 0x00000008 // Set bit 3

str r5, [ré] // Store

to enable GPIOD clock
result in peripheral clock register

// Make GPIOD Pinl2 as output pin (bits 25:24 in MODER register)

ldr r6, =GPIOD BASE

1dr r5, [r6,4GPIOD MODER]

and r5, Ox00FFFFFF // Clear
orr r5, 0x55000000 // Write
str r5, [ré] // Store

pop {r5, ré, pc}

LED_ON:

push {r5, ré, 1lr}

// Set GPIOD Pins to 1 (through BSSR
ldr ré, =GPIOD BASE // Load
mov r5, #LEDs_ON

str r5, [r6,#GPIOD BSSR] // Write
pop {r5, ré, pc}

LED OFF:

push {r5, ré, 1lr}

// set GPIOD Pins to 0
ldr ré, =GPIOD_BASE
mov r5, #LEDs_OFF
str r5, [r6,#GPIOD _BSSR] // Write
pop {r5, ré, pc}

(through BSSR
// Load

// Load GPIOD BASE address to ré
// Read GPIOD MODER content to r5

bits 31-24 for P12-15
0L to bits 31-24 for Pl2-15
result in GPIOD MODER register

register)
GPIOD BASE address to ré6

to BSRR register

register)
GPIOD BASE address to ré

to BSRR register

https://qgithub.com/LAPSYLAB/ORLab-

STM32/tree/main/GPIO LEDs

https://github.com/LAPSyLAB/STM32F4 Discovery

Baremetal - C HAL - C

/* USER CODE BEGIN 2 */ /* Infinite loop */

/* USER CODE BEGIN WHILE */

while (1)
RCC->AHB1ENR |= 0x08; {
// Enable clock for GPIOD
GPIOD->MODER |= 0x01000000; // HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);

MODE Register: bit 12 == out
/* USER CODE END WHILE */
/* USER CODE END 2 */
/* USER CODE BEGIN 3 */

/* Infinite loop */ HAL_Delay(1000);

/* USER CODE BEGIN WHILE */ ¥
while (1) /* USER CODE END 3 */
{

GPIOD->0DR "= 0x1000; //

Toggle PD12

void HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOX,
uint16_t GPIO_Pin)

/* USER CODE BEGIN 3 */ {
for (int i=0; i<0x1000000; i++) {};

waste some time
//} /* Check the parameters */

7% USER CODE END 3 */ assert_param(IS_GPIO_PIN(GPIO_Pin));

/* USER CODE END WHILE */

uint32_t odr;

/* get current Ouput Data Register value
*/
odr = GPIOx->ODR;

VIN Projects/tree/main/LED GPIO C Baremetal C

/* Set selected pins that were at low
level, and reset ones that were high */
GPIOx->BSRR = ((odr & GPIO_Pin) <<
GPIO_NUMBER) | (~odr & GPIO_Pin);

}

https://github.com/LAPSYyLAB/STM32F4 Discov
ery VIN Projects/tree/main/LED Blink Demo

VIN - LV
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https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo

" JEE
VIN projekt - VP5: STM32-Edge computing,
CubelDE projekti, Misko3
m VIN projekt

m Al v vgrajenih napravah (,Edge Computing”)

m STM32 CubelDE — Delo s projekti

{ m STM32 CubelDE, SPI in LIS3DSH }

m STM32 CubelDE, 12C in CS543L22

m Misko3 — demo projekt
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VP 5 - STM32 CubelDE, SPI in LIS3DSH

Gradiva

SPI - serial peripheral interface

Subject to general operating conditions for Vdd and Top. o T ———

5

541

Digital main blocks

State machine

The LIS3DSH embeds two state machines able to run a user defined program.

The program is made up of a set of instructions that define the transition to successive
states. Conditional branches are possible.

From each state (n) it is possible to have transition to the next state (n+1) or to reset state.
Transition to reset point happens when "RESET condition” is true; Transition to the next step
happens when “NEXT condition” is true.

Interrupt is triggered when output/stop/continue state is reached.

Each state machine allows to implement gesture recognition in a flexible way, free-fall,
wake-up, 4D/6D arientation, pulse counter and step recognition, click/double click,
shake/double shake, face-up/face-down, turn/double turn:

Table 8. LIS3DSH state machines: sequence of state to execute an algorithm

next

'
|
'
i
1
'

reset

=) ] INTset

AMT0212v1

SPI slave timing values | | I
Vaue () |
el Parameter r Unit I
Min. Max.
|
] SPI clock cycle 100 n ns I
) SPI clock frequency L] 10 MHz
" A2 eatin Hma & I I
I’C - inter IC control interface | I
Subject to general operating conditions for Vdd and Top. I I
12C slave timing values I I
12 standard mode "/ 2]} fast mode ) Unit I
ni
Min. Max. Mirl Max. I
SCL clock frequency o 100 oi 400 kHz |
I I
Table 7. Absolute maximum ratings I I
Symbol Ratings Iﬂaximum value Unit
Vdd | Supply voltage I oswas v I

- -

Application hints

Figure 5. LIS3DSH electrical connection

o
Vd
L oa
o o ¥ M
y Vedio O—([1] [4d]
ne |0 ] L]
l_“ we |7 ToPwiew [ 7
INT1/DRDY
100nF {7 C13
e’ i 1
051 — — — 8
INT 2
|S. LJ .SI
o |0 |w
g2 °
: 5|2
3 @i
3 3
@ oy
GND
——® Digital signal fromite signal contraller Signal's levels are defined by proper selection of Vdd_IO
AMTO211V1

https://qithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/STM32F407 Discovery Kkit/LIS3DSH.pdf
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https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/blob/main/STM32F407_Discovery_kit/LIS3DSH.pdf

8.3

8.5

SPI - serial peripheral interface

Subject to general operating conditions for Vdd and Top. \
VP 5 - STM32 CubelDE, SPI in LIS3DSH Gradiva $P siave timing values { |
vllue |
el Parameter win I o Unit
Figure 6. Read and write protocol - - :
bl SPI clock cycle [ | ns I
] SPI clock frequency I 10 MHz I
cs . . ‘Table 7.  Absolute maximum ratings 1 I
Symbol Ratings ilnaximum value Unit
SPC (VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV IR Vaa | Supply vatage y 0oois —
.
SR S 6 6 ) 6 6 6 6 S —————
AN _ DI7 DIE DIS D4 DI3 D12 DN DID
ME ADs ADd AD3Z AD2 AD1 ADOD 7 Register mappin
SDO o — -
DO7 DOS DOS DO4 DOA D02 D01 D00
Tabje 16 provides a list of the 8/16-bit ragisters embedded in the device and the related
Az address:
bit 0: RW bit_, W_her‘l 0, the data DI{7:0) is written_into_the device. When 1, the c_lata DO(7:0) Table 16.  Register address map
from the device is read. In the latter case, the chip drives SDO at the start of bit 8, ———
Register address \
bit 1-7: address AD(6:0). This is the address field of the indexed register. Name Type Default Comment
. L B . ; . Hex Binary
bit 8-15. data DI(7:0) (write mode). This is the data that is written into the device (MSb first).
o ) i X INFO1 r | oD 00001101 0010 0001 Information register 1
bit 8-15. data DO(7:0) (read mode). This is the data that is read from the device (MShb first). - -
INFO2 r I OE 00001110 0000 0000 Infarmation register 2
’ . WHO_AM_I r I OF Qo001111 I 0011 1111 ‘Who lam 1D
WHO_AM_I (0OFh) @ /@ rozman2s. 04.2022,0.. (%) 1
Who_AM_I register. [OxSF ] OUT_X_L r 28 00101000 I
Table 19. WHO_AM_I register default value OUT_X_H r 29 ooto1001 |}
|o|°|1l1|1|1|1|||0ur_~r_L T -7 cototoio ||
QUT_¥Y_H 2B 00101011 00000000 Output registers
A r
CTHL_F_IECA (20h) @ rozman25. 04. 2022,0. (& ouT Z L r 2C 00101100
Control register 4. %] 0x47 (25Hz, all axes on) OUT Z H T fy 2 00101101
M L 5L 5 L4
Table 22. Control register 4 8.23 OUT_X (28h - 29h)
ODR3 | opR2 | opR1 | opro | BoU | zEN | YEN | Xen | I
-axis output register.
Table 49. OUT_X_L register default value
L o[ o] of of o[ o o o]
Table 50. OUT_X_H register default value
Lo [ o [ o [ o | o | o [ o | o

https://qithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/STM32F407 Discovery Kkit/LIS3DSH.pdf
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https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/blob/main/STM32F407_Discovery_kit/LIS3DSH.pdf

. 39 v s I N N N Sy,

L T s / \
] '||| 1 || Heserved SCLISPC SPI1_SCK
VP 5 - STM32 CubelDE, SPI in LIS3DSH 100nF 4| von- SPII_MOSI
SDASDLSDO =
SPI1_MISO
3 SEL/SDO CS_12C/SPI
)%- NC 35 -
CubeMX nastavitve : =
’ . 5
Pinout & Configuration —=—| GND
GND
21 G o el
Q L SPI1 Mode and Configuration 0 GND INTI/DRDY -
Categories | Reserved Vemmeeemm ==
i LIS3DSH
System Core > Mode |FuII—DupIex Master =
Hardware NSS Signal |Disable
Analog 2 MEMS
Timers 2
Connectivity hd
- spi.c:
CAN1
CAN2 /* USER CODE END SPI1 Init 1 */
@ ETH hspil.Instance = SPI1;
y Ei’:"c hspil.Init.Mode = SPI_MODE_MASTER;
@ 12c2 hspil.Init.Direction = SPI_DIRECTION_2LINES;
1203 hspil.Init.DataSize = SPI_DATASIZE_8BIT;
iz, M=y TN : hspil.Init.CLKPolarity = SPI_POLARITY_LOW;
JO5F LmeE ‘ hspil.Init.CLKPhase = SPI_PHASE_1EDGE;
hsp:!.l.In:!.t.NSS = SPI_NSS_SOFT;
@ UART4 hspil.Init.BaudRatePrescaler = SPI_BAUDRATEPRESCALER_256;
& UARTE __® DA Settings ] hspil.Init.FirstBit = SPI_FIRSTBIT_MSB;
© USARTH © Parameter Settings hspil.Init.TIMode = SPI_TIMODE_DISABLE;
USART2 Configure the below parameters - hspil.Init.CRCCalculation = SPI_CRCCALCULATION_DISABLE;
USART3 Q| Search (CHi+F @ ® hspil.Init.CRCPolynomial = 10;
USARTS " Bae if (HAL_SPI_Init(&hspil) != HAL_OK)
v USB OTG FS Basic F":arametFers t ot h — — —
USB OTE HS rame rorma otorola
— Data Size 8 Bits Error_Handler();
First Bit MSB First }
limeds > rwwﬁ_-_________. /* USER CODE BEGIN SPI1_Init 2 */

Prescaler (for Baud Rate) I
Security 5 ‘ *  Baud Rate 328125 KBi;}\ . .
- Spremenimo iz 2 v 256
ocasnejsa Romunikacija
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VP 5 - STM32 CubelDE, SPI in LIS3DSH

main.c : dodana koda
Glavna zanka

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)

{

outdata[@] = @x29 | o0x80 ; // read x

HAL_GPIO WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_RESET);

HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX DELAY);
// HAL_GPIO WritePin(GPIOE, GPIO_PIN 3, GPIO_PIN_SET);

AccelX = indata[1];

outdata[@] = @x2B | 0x80 ; // read y
// HAL_GPIO WritePin(GPIOE, GPIO PIN 3, GPIO PIN RESET);

HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX DELAY);
// HAL_GPIO WritePin(GPIOE, GPIO PIN_3, GPIO PIN_SET);

AccelY = indata[1];

outdata[@] = @x2D | Ox80 ; // read z
// HAL_GPIO WritePin(GPIOE, GPIO PIN 3, GPIO PIN RESET);
HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX DELAY);
HAL_GPIO WritePin(GPIOE, GPIO_PIN_3, GPIO PIN SET);
AccelZ = indata[1];

HAL_GPIO TogglePin(GPIOD, GPIO _PIN_12);
HAL_GPIO TogglePin(GPIOD, GPIO PIN_13);
HAL_GPIO TogglePin(GPIOD, GPIO PIN_ 14);

KeyState = HAL_GPIO ReadPin(GPIOA, GPIO PIN 0);
HAL_GPIO WritePin(GPIOD, GPIO_PIN_15, KeyState);

snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%@4d Accel[ID:%02x]
X:%04d Y:%d Z:%04d\r\n",Counter++,KeyState,lis id,AccelX,AccelY,AccelZ);
CDC_Transmit FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

Spremenljivke

Inicializacija

#define BUFSIZE 256

intCounter;
int KeyState=0;

// Global variables
uint8_t indata[2];

uint8_t lis_id;
int8_t AccelX;
int8_t Accely;
int8_t AccelZz;

/* USER CODE BEGIN 2 */

// Config accelerometer
// Read WHOAMI register

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO_PIN_RESET);
outdata[@] = oxef | ox80 ; // read whoami
HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2,

/* USER CODE END PV */

/* USER CODE BEGIN PV */

charSendBuffer[BUFSIZE];

uint8_t outdata[2] = {0,0};

HAL_StatusTypeDef SPIStatus;

HAL_MAX_DELAY);

lis_id = indata[1];
HAL_GPIO WritePin(GPIOE, GPIO_PIN 3, GPIO PIN SET);

HAL_Delay(500);

// Set CTRL register 0x47 -> [0x20]
HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_RESET);
outdata[@] = 0x20 ; // switch on axes

outdata[1] = ox47 ;

HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2,

HAL_MAX_DELAY);

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN SET);

HAL_Delay(500);
outdata[1l] = 0x00 ;

/* USER CODE END 2 */
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SDA

VP 5 - STM32 CubelDE, 12C in CS43L22

Gradiva

CIRRUS LOGIC CS43L22

Low Power, Stereo DAC w/Headphone & Speaker Amps

+1.65V o +3.47 V

rnterfalce Supply +1.60 W to +5.25V __

51 I*C Control

The upper 6 bits of the address field are fixed at 100101. To communicate with the CS43L22, the chip ad-
dress field, which is the first byte sent to the CS43L22, should match 100101 followed by the setting of the
ADO pin. The eighth bit of the address is the R/W bit. If the operation is a write, the next byte is the Memory
Address Pointer (MAP), which selects the register to be read or written. If the operation is a read, the con-
tents of the register pointed to by the MAP will be output. Setting the auto-increment bit in MAP allows suc-
cessive reads or writes of consecutive registers. Each byte is separated by an acknowledge bit. The ACK
bit is output from the CS43L22 after each input byte is read and is input to the CS43L22 from the microcon-

troller after each transmitted byte.

001 2 3 4 5 6 7 8 9 10 111213 1415 16 17 18 19 24 25 26 27 28
SCL
CHIP ADDRESS (WRITE) MAP BYTE DATA DATA +1
rd4 £
2TF T
SDA —H* 1 A0 0| [wds 54 321 0] |7 g}1o||7 (Y
T ACK ACK ACK
START
"k e il L

Figure 16. Control Port Timing, I*C Write
ADO - GND Addr=0xe4 |
( S S S N = |

S T LTI T

DATA +n

or

I*C Control

STOP

0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
STOP

CHIP ADDRESS (WRITE) MAP BYTE CHIP ADDRESS (READ) DATA DATA+1 DATA +n

—I|100101ADDO|||~:n|6543210H_||_100101AD01| ’: :0 :zol
ACK ACK 4 ACK
START START ACK SToP
Figure 17. Control Port Timing, I°C Read
5.1.1  Memory Address Pointer (MAP,

The MAP byte comes after the address
pseudo code above for implementation d

te and selects the register to be read or written. Refer to the
ils.

5.1.1.1 Map Increment (INCR)

The device has MAP auto-increment capability enabled by the INCR bit (the MSB) of the MAP. If INCR is
set to 0, MAP will stay constant for successive 1°C writes or reads. If INCR is set to 1, MAP will auto-in-
crement after each byte is read or written, allowing block reads or writes of successive registers.

https://qgithub.com/LAPSYLAB/STM32F4 Docs and
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7. REGISTER DESCRIPTION

All registers are read/write except for the chip 1.D. and Revision Register and Interrupt Status Register which are
read only. See the following bit definition tables for bit assignment information. The default state of each bit after a
power-up sequence or reset is shown as shaded in the table. Unless otherwise specified, all “Reserved” bits must
maintain their default value.

7.1 Chip LD. and Revision Register (Address 01h) (Read Only)

6 5 4 3 2 1 0
CHIPID1 CHIPIDO | REVIDZ REVID1 REVIDO |

7.1.1  Chip L.D. (Read Only)

1.D. code for the CS43L22.

CHIPID[4:0]
11100

Chip Revision (Read Only)
CS43L22 revision level.

|Device
|cs43L2z

N
.
N

Level

000 A0
001 Al
010 BO
011 B1

s .

’

Examples/blob/main/STM32F407 Discovery kit/CS43L22 F2.pdf

VIN - LV

36

© Rozman,Skraba, FRI


https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/blob/main/STM32F407_Discovery_kit/CS43L22_F2.pdf

O VP 5 - STM32 CubelDE, 12C in CS43L22 E -

S N . . .y €54 ==C55
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. ' :Ei:,gcbé ggz ‘ ]2 SDA HP/LINE_OUTA :: T T
CubeMX nastavitve I - TN e [ e —
u e AD SPRR/HP = I\ R6S 1
- - 1253 MCK oA | 7 = ! o 5T-225.02
(12C1 Ze nastavljena) ! e
I — C12 SR | SDIN SPKR_OUTA- (—— Jie
Audio_RST 75 PD4 = - 2 :a:;:—:('r Ssi'f(';f%l&.}; o C43 C45
1 - I ' o - vp ? TI] TuF Tﬂ,luF }3\'
- - _ - - :ll 14 3l “VHPFILT VP —]
STM32_I2C_CS43L22_Basic.ioc - Pinout & Configuration T L I s L e Lo - .
C47 C50 i 9] R47 | LLuF(¥7R Audio_DAC_OUT
IuF1X7Ii[ LuF (X7R 12 | pyp AIN2B _g_ 100 1 |
. . S == AIN2A -5 I*
Pinout & Configuration T ; 5 As
_I_ _]_ _L _]1 6 ‘VHP AIN3A > os1 T 52
cap ==ca1 ==cs3 == E NS rtvrd P I TJrinERss RSS pcs PDM_OUT
0.1uF 0.1uF 0.1uF 100 1ITuFR7R) K [
T . 0 | rsr0 vo |12 .
= 2 2t 1510 AFILTB |25 St
33 r 27 o
; 12C1 Mode and Ci o ] bow e 18 e l,fizm ™ ot Fitted
e GND/Thermal Pad AGND S TS0pF(COG) LB
Catogores IR Lo e
-
12C [12C . -
System Core > i2c.c:
b p - * 12C1 init function *
Analag Configuration / Lac L function
= void MX_I2C1_Init(void)
i > ese i { i
Timers Reset Configuration /* USER CODE BEGIN I2C1 Init @ */

/* USER CODE END I2C1_Init @ */

Connectivity ™

L

arameter Settings /* USER CODE BEGIN I2C1_Init 1 */

CAN: Configure the below parameters : /* USER CODE END I2C1 Init 1 */
CAN? Q © O] hi2cl.Instance = I2C1;
' T ——————— hi2cl.Init.ClockSpeed = 100000;
© EmH |~ Master Features |- hi2cl.Init.DutyCycle = I2C_DUTYCYCLE_2;
| 12C Speed Mode Standard Mode || hi2cl.Init.OwnAddressl = 0; -
I \ 12C Clock Speed (Hz) 100000 ] hi2cl.Init.AddressingMode = I2C_ADDRESSINGMODE_7BIT;
N S T e hi2cl.Init.DualAddressMode = I2C_DUALADDRESS DISABLE;
[2C3 . hi2c1.Init.OwnAddress2 = 0;
@ SDIO C'_C'Ck No Stretch Mode . D'S_ab'Ed hi2cl.Init.GeneralCallMode = I2C_GENERALCALL_ DISABLE;
v SPI Primary Address Length selecti... 7-bit hi2cl.Init.NoStretchMode = I2C_NOSTRETCH_DISABLE;
sp|2 Dual Address Acknowledged Disabled if (HAL_I2C_Init(&hi2c1l) != HAL_OK)
; {
Primary slave address . I.'J. Error_Handler();
@ UART4 General Call address detection  Disabled } -
@ UARTS /* USER CODE BEGIN I2C1 Init 2 */

/* USER CODE END I2C1_Init 2 */
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/* USER CODE BEGIN PV */
#define BUFSIZE 256
charSendBuffer[BUFSIZE];
intCounter;

Spremen”lee int KeyState=0;

. HAL_StatusTypeDef retval;
main.c : dodana koda uints_t ChipID;
/* USER CODE END PV */

VP 5 - STM32 CubelDE, 12C in CS43L22

Inicializacija

/* USER CODE BEGIN 2 */

Glavna zanka

HAL_GPIO WritePin(GPIOD, GPIO_PIN_4,GPIO_PIN_SET); // Set Reset Line to 1 (switch device on)

HAL_Delay(1000); // recomended by datasheet

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);

// From Device with address=0x94, Read register with address 0x01 and put value in ChipID
// DevAddress_0x94, tMemAddress=0x01, MemAddSize=8b, *pData,Size, Timeout);
retval = HAL_I2C_Mem_Read(&hi2cl, 0x94, 0x01, I2C_MEMADD_SIZE_8BIT, &ChipID, 1, 1000);

/* USER CODE END 2 */ “.ADOJ GND Addr=0x54 ||

01 2 3 4 5 8 7 B 9 10 111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

STOP

CHIP ADDRESS (WRITE) MAF BYTE i CHIP ADDRESS (READ) DATA
KeyState = ITIAL_QPIO_ReadPln(GPIOA, GPIO_PIN_O); SDA —l ‘ P ——— | |m|5 s 7 3210 Il_l [T 00 101 A07] E{S"_o
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState); $ e Ak & YR
START START
snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d | Id:%@2x \r\n",Counter++,KeyState,ChipID); Figure 17. Control Port Timing, I°C Read

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(1000);

}
/* USER CODE END 3 */
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"
Primer kompleksnejse demo USB-Audio aplikacije :
"Wave player - Predvajalnik .wav datotek iz USB kljucka na izhod za slusalke

WAVEPLAYER using STM32 || I12S AUDIO || CS43L22 || F4
DISCOVERY

From <https.//www.youtube.com/watch?v=_PmOL1ropJs>

AN3997 Application note Audio playback and recording
using the STM32F4DISCOVERY

https://www.st.com/resource/en/application _note/an3997-audio-playback-and-recording-using-the-
stm32f4discovery-stmicroelectronics.pdf

WavePlayer using STM32 Discovery

From <https://controllerstech.com/waveplayer-using-stm32-discovery/>
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m Al v vgrajenih napravah (,Edge Computing”)
m STM32 CubelDE — Delo s projekti
m STM32 CubelDE, SPI in LIS3DSH

m STM32 CubelDE, 12C in CS543L22

( m Misko3 — demo projekt 1
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"
Misko 3 in ,Spajka” party 2022

Konektorji

\stavi konektorie v tiskano vezje




VP 5 — Misko 3

MISKO 3 BLOCK DIGRAM POWER CONNECTOR . MCU BUTTON .

—---------------------\

CONNECTORS

I{ ARDUINO DUE
i
1

-

» STM32G474QET6

.- LB ] el (MCU) 5%
| _ N N | L \
& | 1
7y |
SWD + = I |
TRACE I I
I [
I [
I [
1 [
J ‘\ ’
I I RESET o
1 | Jov : BUTTON BUTTON
STICK e
{ ' ‘w:nml (MCU)

------------------'

Slika 1: Blo¢ni diagram razvojnega Sistema MiSKo 3
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VP 5 — Misko 3 - Inicializacija

int main(void)

{
/* USER CODE BEGIN 1 */

coord_t joystick_raw, joystick_out;
joystick_t joystick;
uint8 t MSG[100]={0};
uintl6_t touch_x = @, touch_y = 0;

char str[10];
float framerate;

/* USER CODE END 1 */

/* Reset of all peripherals, Initializes
the Flash interface and the Systick. */
HAL_Init();

/* USER CODE BEGIN Init */

/* USER CODE END Init */

/* Configure the system clock */
SystemClock_Config();

/* USER CODE BEGIN SysInit */

/* USER CODE END SysInit */

/* Initialize all configured peripherals */

MX_GPIO Init();
MX_ADC1_Init();
MX_ADC2_Init();
MX_FMC_Init();
MX_I2C2_Init();
MX_UART4_Init();
MX_UART5_Init();
MX_USART1_UART Init();
MX_USART2_UART_Init();
MX_QUADSPI1_Init();
MX_SPI1_Init();
MX_TIM5 Init();
MX_TIM8 Init();
MX_TIM20_Init();
MX_ADC3_Init();
MX_DAC1_Init();
MX_DAC2_Init();
MX_FDCAN2_Init();
MX_I2C1_Init();
MX_TIM15_Init();
MX_USART3_UART_Init();
MX_ADC4_Init();
MX_USB_Device_Init();
MX_DMA_Init();
MX_CRC_Init();
MX_TIM6_Init();

https://github.com/LAPSyLAB/Misko3 Docs and Projects

/* USER CODE BEGIN 2 */

LED_init();
KBD_init();
SCI_init();
joystick_init(&joystick);

for (uint8_t i=@;i<3;i++)

HAL_Delay(250);
LEDs_on (OxFF);
HAL_Delay(250);
LEDs_off(0xFF);

}

LCD_Init();

UG_Init(&gui, UserPixelSetFunction,
ILI9341_GetParam(LCD_WIDTH),
ILI9341_GetParam(LCD_HEIGHT));

UG_FontSelect (&FONT_8X12);

UG_SetForecolor(C_WHITE);

UG_SetBackcolor(C_BLACK);

UG_DriverRegister(DRIVER_FILL_FRAME, (void
*)_HW_FillFrame_);

UG_DriverEnable(DRIVER_FILL_FRAME);

DrawStartScreen();
framerate = DrawColors(89);

UG_SetForecolor(C_WHITE);
UG_FontSelect (&FONT_16X26);

sprintf(str,"%.0f fps",framerate);
UG_PutString(5,105,str);
/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */
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VP 5 — Misko 3 — Glavna zanka

while (1)
{
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */ // Touchscreen
if(XPT2046_TouchPressed())
//LEDs {
LED_set(LEDO, !KBD_get_button_state(BTN_OK)); uintlé t x = @, y = 0;
LED_set(LED1, !KBD get_button_state(BTN_DOWN));
LED_set(LED2, !KBD_get_button_state(BTN_RIGHT)); if(XPT2046_TouchGetCoordinates(&x, &y, 0))
LED_set(LED3, !KBD_get_button_state(BTN_UP)); {
LED_set(LED4, !KBD get_button_state(BTN_LEFT)); touch_x = x;
LED_set(LED6, !KBD get_button_state(BTN_ESC)); touch_y = y;
LED_set(LED7, !KBD_get_button_state(BTN_JOY)); UG_FillCircle(x, y,2, C_GREEN);
UG_FillCircle(250, 50, 49, C_BLACK);
// Joystick }
HAL_ADC_Start(&hadc4); }
HAL_ADC_PollForConversion(&hadc4,10);// Waiting for ADC conversion
joystick_raw.x=HAL_ADC_GetValue(&hadc4); sprintf(MSG, "Joystick X:%@5d, Y:%@5d, Touch: X:%@5d, Y:%@5d

\r",joystick out.x,joystick_out.y, touch_x, touch_y);

HAL_ADC_Start(&hadc4);

HAL_ADC_PollForConversion(&hadc4,10);// Waiting for ADC conversion SCI_send_string(MSG);
joystick_raw.y=HAL_ADC_GetValue(&hadc4); CDC_Transmit_FS(MSG, strlen(MSG));
HAL_ADC_Stop(&hadc4); UG_DrawCircle(250, 50, 50, C_RED);
joystick_get(&joystick_raw, &joystick_out, &joystick); HAL_Delay(20);

UG_DrawCircle(joystick_out.x+250, joystick_out.y+50,5, C_YELLOW);

/* USER CODE END 3 */

https://github.com/LAPSyLAB/Misko3 Docs and Projects
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