STM32F4xx
INfroduction

IE 5995: loT and Edge Al Programming
Dr. Yanchao Liu
Industrial & Systems Engineering
Wayne State University

-
X

g
~] =1 =43 e ° ~
T = T = =

. A= - 4
‘ :% T = FEp STENnA Minies|

120+
@ e “w‘ 1 SC. Gt

-+ ) ll';;.-. vi.-.

4Ct

56 3.37 BIPIORI BOAT A6 A5 A4ASAZ ATAD
00000000000000000008| l

gl “, "

M Lo

= I 2
T,

S %

ihuhulyihllxnii o

TR 2
R R T




Agendao

« Learn the STM32F4xx NUCLEO board layout and features

* Install the development toolchain

« Create STM32 projects, configure, build, and download

» Understand the code organization

« Use GPIO for digital input and output

» Learn basic debugging functions

» Use Interrupts

« Use Timers and Timer-triggered Interrupfts

« Use UART to transmit and receive data (poll, interrupt and DMA))
« Use ADC, PWM, DAC, DMA



NUCLEO board codification

NUCLEO-XXYYZT
NUCLEO-XXYYZT-P

XX
YY

Winter 2022

MCU senies in STM32 Arm Cortex MCUs
MCU product line in the series

STM32 package pin count
C for 48 pins
R for 64 pins

STM32 Flash memory size:

6 for 32 Kbytes

8 for 64 Kbytes

B for 128 Kbytes

C for 256 Kbytes

E for 512 Kbytes

G for 1 Mbyte

Z for 192 Kbytes

S5TM32 has external SMPS function

S5TM32L4 Series
STM32L452

64 pins

512 Kbytes

No SMPS
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STM32 Nucleo-64 boards

Common features

STM32 microcontroller in LQFP64 or
LQFP48 package

1 user LED shared with ARDUINO®
1 user and 1 reset push-buttons
32.768 kHz crystal oscillator

Board connectors:
+  ARDUINO® Uno V3 expansion connector
« ST morpho extension pin headers for full
access to all STM32 1/Os

Flexible Bower-supply options: ST-LINK
USB VBUS or external sources

On-board ST-LINK debugger/programmer
with USB re-enumeration

Capability: mass storage, Virtual COM port,
and debug port

Comprehensive free software libraries and
examples available with the

STM32Cube MCU Package

Support of a wide choice of Integrated
Development Environments (IDES)

* Including IAR Embedded Workbench®, MDK-
ARM, and STM32CubelDE



Flash size (bytes)

r

2M

iMm

512K

128 K

64K

16K

h

NUCLEO-L412KB

NUCLEO-G431KB

NUCLEO-GO31K8
NUCLEO-F303K8

NUCLEO-WB55RG
NUCLEO-L476RG

NUCLEO GOB1RE | NUCLEO-G474RE

NUCLEO-WL55JC

+ RUERE ) Tl NUCLEO-L433RC-P |

NUCLEO-LO73RZ

NUCLEO-F410RB

{ NUCLEO-LO10RB  NUCLEO-L412RB-P |

fl NUCLEO-F103RB | NUCLEO-G431RB
Hl NUcLEO-Fo72RB | NUCLEO-Go71RB B
Hl NUCLEO-FO70RB | NUCLEO-Go70RB [

: NUCLEO-LOS3RS |

E NUCLEO-FO30R8 | NUCLEO-F302R8 I

.......................................................................................... e SRy
' '

' NUCLEO-H7A3ZI-Q|NUCLEQO-H755ZI-Q

NUCLEQ-F429Z| | NUCLEO-H743Z1

NUCLEO-U575ZI-Q

NUCLEO-F767ZI |NUCLEO-H745ZI-Q
NUCLEO-F439Z1 | NUCLEO-H753ZI

NUCLEO-L4R5ZI NUCLEO-L4RS5ZI-P

'
............................................. J.............................................'...............................................
v

oo sniens

MCLEO-WSGZG

~uaso-mezs

NUCLEO-L4A6ZG™ NUCLEO-LAP5ZG
NUCLEO-L496ZG NUCLEO-L496ZG-P

.......................................................................................... dimiesieeiessesensseseiesieeieetase s

: NuoLEo-Laszre-p [T |
t nuoLeo-Laszre. [TETRZAL |
NUCLEO-L152RE

NUCLEO-F446ZE | NUCLEO-F722ZE

NUCLEO-L552ZE-Q

NUCLEO-F303ZE

NUCLEO-L031K6 H
NUCLEO-F031K6 | NUCLEO-FO42K6 .
NUCLEO-LO11K4 Nucleo type
Nucleo-32 Nucleo-64 Nucleo-144 "
1=l
= J I i
Legend: . Mainstream Ultra-low-power [l High-performance Wireless

STM32 Nucleo product line

Development toolchains

* |AR Systems® - IAR Embedded Workbench®

» Keil® - MDK-ARM

» STMicroelectronics - STM32CubelDE

The first two are Windows only. We will use STM32CubelDE.
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i jg STM32F446RE NUCLEO

* Find these elements on the board

« B1 (User button), B2 (Reset button)

« LD1 (three-color led), LD2 (green led), LD3
(red led)

-
| MB1136 : [ -
rev C - 3 > NUCLEO-F446RE
1
A :
c16 U3 g DO CN7 CN6 CN5 CN10
D3 Cc22 : - PC9
(220 I = R D15 PB8
D14 PB9
AVDD AVDD
GND GND
NC
OREF D13 PA5
D12  PAB
RESET
ava D11 PA7
ey D10 PB6
D9  PC7
Rl D8 PA9
GND
VIN D7 PA8
D6 PB10
A0 D5 PB4
A1 D4 PB5
A2 D3 PB3
: A3 D2 PA10
A5 DO PA3
boa *
A5 | C32[™1 GC33C3a .
www.st.com/stm32nucieo B Arduino [l Vorho

Winter 2022 IE5995: loT & Edge Al Programming



Understand the Pin labels

PA10 means

NUCLEO-F446RE « GPIO Port A (GPIOA)
« GPIO_PIN_IT0
CN7 CN6 oo CNS CN10 * So, to write HIGH to PA10, call this
D15 PBB function:
D14 PB9 . .
AL ey * HAL_GPIO_WritePin(GPIOA,
- 013 PAS GPIO_PIN_10, GPIO_PIN_SET);
RESET D12 .
+3V3 o el « More on the functions later
;’\J"’D D9 PC7
GND D8 PA9
VIN D7 PAS8
D6 PB10
AO D5 PB4
A1 D4 PB5
A2 D3 PB3
A3 D2 PA10
Ad D1 PA2
A5 DO PA3

. Arduino . Morpho

Winter 2022 IE5995: loT & Edge Al Programming



Arduino connectors on NUCLEO-F446RE

CN5, CN6, CN8, and CN9 are female connectors compatible with ARDUINO® standard. Most shields
designed for ARDUINO® can fit the STM32 Nucleo boards.

Connector Pin Pin name STM32 pin Function Connector Pin Pin name STM32 pin Function
Left connectors 8 AREF _ AVDD
! NC ) i} 7 GND - ground
2 IOREF . 3.3V Ref 6 D13 PA5 SPI1_SCK
3 RESET NRST RESET
- 5 D12 PAB SPIM1_MISO
e 4 £33V - 3.3V input/output CNB5 digital
ower
p 5 5V i 5V output 4 D11 PA7 TIM14_CH1 || SPI1_MOsI
5 GND - around 3 D10 PB6 TIM4_CH1 || SPI1_CS
7 GND ) ground 2 D9 PC7 TIM8_CH2
3 VIN - Power input 1 D8 PA9 -
1 AD PAO ADC123_INO 8 D7 PAS .
2 A1 PA1 ADC123_IN1 7 D6 PB10 TIM2 CH3
CNE 3 A2 PA4 ADC12_IN4 P D5 B4 TIM3_CH1
analog 4 A3 PBO ADC12_IN8
5 D4 PB5 -
5 A4 PC1 or PB9'" ADC123_IN11 (PC1) or I2C1_SDA (PB9) CN9 digital
4 D3 PB3 TIM2_CH2
6 A5 PCO or PB8(1) ADC123_IN10 (PCO) or 12C1_SCL (PB8)
Ri 3 D2 PA10 -
ight connectors
ons aictal | D15 PBS 12C1_SCL z D1 PA2 USARTZ_TX
igit
A B D14 PBY 12C1_SDA 1 DO PA3 USART2_RX




ST morpho connector on NUCLEO-F446RE

CN7 odd pins CN7 even pins CN10 odd pins CN10 even pins
Pin Name Name Pin Pin Name Name Pin
1 PC10 PC11 2 1 PC9 PC8 2
3 PC12 PD2 4 3 PB8 PC6 4
5 VDD E5V 6 5 PB9 PC5 6
7 BooTOM GND 8 7 AVDD usv@ 8
9 10 9 GND 10
1 IOREF 12 11 PA5 PA12 12
13 PA13() RESET 14 13 PAB PA11 14
15 PA145) +3.3V 16 15 PA7 PB12 16
17 PA15 +5V 18 17 PB6 18
19 GND GND 20 19 PC7 GND 20
21 PB7 GND 22 21 PA9 PB2 22
23 PC13 VIN 24 23 PA8 PB1 24
25 PC14 26 25 PB10 PB15 26
27 PC15 PAO 28 27 PB4 PB14 28
29 PHO PA1 30 29 PB5 PB13 30
31 PH1 PA4 32 31 PB3 AGND 32
33 VBAT PBO 34 33 PA10 PC4 34
35 PC2 oee | s 35 PA2 36
37 PC3 E‘ég(i’{ 38 37 PA3 38

Winter 2022

1. The default state of BOOTO is LOW. It can
be set to HIGH when a jumper is on pin5-
7 of CN7. Two unused jumpers are
available on CN11 and CN12 (bottom side
of the board).

2. U5V is 5V power from ST-LINK/V2-1 USB
connector and it rises before +5V.

3. PA13 and PA14 share with SWD signals

connected to ST-LINK/V2-1, it is not
recommended to use them as IO pins if
the ST-LINK part is not cut.

Spare jumpers

"cm LD1

= 1x

IE5995: loT & Edge Al Programming



LEDs on the NUCLEO board

The tricolor LED (green, orange, red) LD1 (COM) provides information about ST-LINK
communication status. LD1 default color is red. LD1 turns to green to indicate that
communication is in progress between the PC and the ST-LINK/V2-1, with the following
setup:

e Slow blinking Red/Off. at power-on before USB initialization

e Fast blinking Red/Off: after the first correct communication between the PC and
ST-LINK/VV2-1 (enumeration)

e Red LED On: when the initialization between the PC and ST-LINK/V2-1 is complete

e Green LED On: after a successful target communication initialization

e Blinking Red/Green: during communication with the target

e  Green On: communication finished and successful

e Orange On: Communication failure

User LD2: the green LED is a user LED connected to ARDUINO® signal D13 corresponding

to STM32 1/O PA5 (pin 21) or PB13 (pin 34) depending on the STM32 target. Refer to
Table 11 to Table 23 when:

. the I/O is HIGH value, the LED is on
o the I/O is LOW, the LED is off

LD3 PWR: the red LED indicates that the STM32 part is powered and +5V power is
available.

Winter 2022 IE5995: loT & Edge Al Programming



Toolchain installation

 We need to install the following software on the PC

o STM32CubeProgrammer
« https://www.st.com/en/development-tools/stm32cubeprog.html

« STM32CubelDE
« https://www.st.com/en/development-tools/stm32cubeide.html



STM32CubelDE

m workspace_1.8.0 - STM32CubelDE — O = . 1
e , s « Click "Start new STM32
File Edit Source Refactor MNavigate Search Project Run Window Help
= & Information Center &2 [T . S . 1
=g projec

¥ STM32CubelDE Home

[ W p— « Some additional downloads
Welcome to STM32CubelDE .
will happen

Eé What's new -

Start new IS
S$TM32 Facebook
project STM32 ﬁ Youtube

CubelDE
ST Home

ST Community

ST Longevity Commitment

)

Start new
project from
STM32CubeMX
file (.ioc)

< Easy export and

visualisction % Standalone STM32 Tools
Of ThreadX trace

buffer @ sTm32Ccubemx
@ sTM32CubeMonitor
@ sTm3a2cubeMon Pwr

’ How to access it : From any ThreadX related view menu > Click “Export trace”

e @ sTM32CubeMon-RF
Quick links @ sTM32CubeMon-UCPD
&= @ sT32CubeProg

Import .
STM32Cube ﬂ Access to Videos

example

‘ Application Tools
£ Read STM32CubelDE Documentation 24

r 1 @ cDesianSuite

Winter 2022 IE5995: loT & Edge Al Programming



Create a project using STM32CubelDE

* Click the "Board Selector”
tab

« Select the board NUCLEO-
F446RE from the dropdown
menu

« Before clicking “Next”,
download the manuals from
Docs & Resources

 The docs will be saved to
{HOME}/STM32Cube/Repository

« Take a quick scan of the docs
to see what info is in there, for
future reference

* Click "Next”

Winter 2022

[T sTM32 Project
Target Selection

Select STM32 target or STM32Cube example

MCUIMPU Selector [SB0ard Selector

Board Filters

B &R O

Commercial ;0| £o.F446RE

Part Number

Vendor

Type

MCU/MPU Series

Other

Peripheral

Features Large Picture Docs & Resources EJ Datasheet ] Buy

STM32F4 Series

NUCLEO-FA46RE STMicroelectronics NUCLEO-F446RE Board
Support and Examples

Adtive Part Number - NUCLEO-F446RE Unit Price (USS) : 14.0
Product is in mass Commercial Part Number :
production NUCLEO-F446RE Mounted Device : STM32F446RETx

The STM32 Nucleo-64 board provides an
affordable and flexible way for users to try out
new concepts and build prototypes by
choosing from the various combinations of

£ “' . performance an d power consum ption features,

ey

IE5995: loT & Edge Al Programming
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Some important points from the documents

« The STM32 Nucleo board and its shield can consume a maximum of 300 mA current, not more.

 The USART2 interface available on PA2 and PA3 of the STM32 microcontroller can be connected to ST-
LINK MCU, ST morpho connector, or to ARDUINO® connector. The choice can be changed by setting the
related solder bridges. By default, the USART2 communication between the target STM32 and ST-LINK

MCU is enabled, in order to support virtual COM port for Mbed™ (SB13 and SB14 ON, SB62 and SB63
OFF).

« |If the communication between the target STM32 PA2 (D1) or PA3 (DO) and shield or extension board is
required, SB62 and SB63 must be ON, while SB13 and SB14 must be OFF.



elloWorld project

* Type In the project name,
e.g., HelloWorld

« Click “Finish”

» Click “Yes” to inifialize
peripherals with their default
mode.

» Click "Yes” to open the
Device Configuration Tool
perspective.

« Before the perspective is
loaded, some additional
downloads (~700MB) will occur

Winter 2022

STM32 Project

Setup STM32 project

Project

Project Name: | HelloWorld

Use default location

Options

Targeted Language
@®Cc OC++

Targeted Binary Type

Targeted Project Type
(@ STM32Cube () Empty

@ < Back

O
C:/Users/gn0061/5TM32CubelDE/workspace_1.8.0 oW
(@ Executable () Static Library
Mext = Finish Cancel

IE5995: loT & Edge Al Programming
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Configure and generate code

m workspace_1.8.0 - Device Configuration Tool - STM32CubelDE

Feel free to navigate the

File Edit Navigate Search Project Run Window Help

four tabs: B HR SR Bt O~ Uvi@iFvilvives Gy @

5 Project Explorer &2 = B [@HelloWorld.ioc 52
« Pintout & Configuration . D reloword R Pinout & Configuration
« Clock Configuration L e

> 3 Drivers

Clock Configuration
v Software Packs

Project Manager

v Pinout

{Z¢ Pinout view 2 System view

i PrOjeC'I' MOnOger [T HelloWorld.ioc 1
| STM32F446RETX_FLASH.Id ’
e Tools & STM32FA46RETX RAMId SystemCore 7 g ¥
1 Analo ? AP PERPEPEEREEEE
Next slide show the four e — 1 R HE B
Timers ? B1 [Blue PushButtan] [Sebkl .
TO bs RCC_OSC3Z_IN e TMS
Connectivity ? RCc_0sc3z_ouT [
Don't change anything womesa > ——
In menu, click Project -> e =
iddleware 3 PC3
Generate Code e STM32F446RETx
= LQFP64
Click “Yes"” to open the e
code perspective
& L Q Ik} Al Q|
Winter 2022 IE5995: loT & Edge Al Programming 15



Pinout & Configuration

Clock Configuration
v Software Packs

it Pinout view

System Core

DMA
GPIO
IWDG
NVIC
+ RCC
SYS
WWDG

Analog

ADC1
ADC2
ADC3
DAC

Timers

Project

Code Generator

Advanced Settings

Winter 2022

Pinout & Configuration

swo

B4 [Blue PushButon]
Ree_oscaz N
RCC_oscaz_ouT
Rec_osc_n

ReC_0se_oUT

LQFP64

102 (Green Lea] |20

Clock Configuration

Project Settings

STM32F446RETx

Project Manager

ok

Project Manager

Project Name

[Hefloworld

Project Location

|C.\Users\gn006 1\STM32CubelDE'workspace_1.8.0

Application Structure
|Advanced

Toolchain Folder Location

[J Do not generate the main()

Toolchain / IDE

STM32CubelDE

Generate Under Root

Linker Settings
Minimum Heap Size

Minimum Stack Size

Thread-safe Setftings
Cortex-M4NS

[ Enable mutti-threaded support

Thread-safe Locking Strategy

‘Defau\l— Mapping suitable strategy depending on RTOS selection.

Mcu and Firmware Package
Mcu Reference

ISTM32F446RETx

al ]

Tools

Project Manager

Resolve Clock Issues

@, Q,

RITC Clock Mux

va

Hse HSE_RTC

O

Input frequency

Lsi

LsIRC J—> ®
[ ]

[o) al:l ToRTC (Ki1z)

CEC Clock Mux

Hsi
——|ra8s O]
. I:lhcsc “
— 0

PLLM

Input frequency

426 Nz

PLLSAM

84 To Power]|

[ Enable CSS

> To IWDG (KHz) EE—
System Clock M
- ystem Clock Mux T
Hsl
= Hse SYSCLK (WHz) AB Prescaler  HCLK (Hz)
16 Wz APB1 Prescaler
pLLCLI (> 81 84
—>®
LR 180 Nz max
PLL Source Mux » O
Hs!

PLL4SCLK Mux

FLLSAR

{716 vHx192 v 2
W 3

3

7o usB ™

PLLSAI

PLLESH

PLLRSP

PLLSAR SAI Clock Mux
— O

os_ckn

PLLR

PLLES 4>|:|Tn SAlt (v

> O
i SDIO Clock Mux
Sysck
SAI2 Clock Mux
PLLSRC PLLSBCLK

O

LR

Pinout & Configuration

STM32F446RETX >

Ty 25°C 1V 33V >

Sequence Generator v
PCC Why Use Sequence Generator ? v

Sequence Generator allows to quickly generate 2
steps in high and low power modes in typical
condifions without creating each step manually using
New Step button.

‘What is the Default Sequence ? W

Default Sequence gathers a 0.1 ms step in RUN at
max CPU frequency getting highest performance and
consumption, and a 0.9 ms step in STOP with the
lowest consumption in typical conditions with VDD

3.3VatT, 25°C

Generate RUN + STOP_UDM (Under Drive)
Back To Default Sequence

Disable Auto Refresh [

Auto Refresh ON ]

Clock Configuration

v Power

Project Manager

Step

CPUB_[Ciock G
1 Scalel-.. RAM/F_. 180 MHz HSE PLL
No Scale n/a 0Hz

RUN 33
2 STOP_... 3.3

Sequence Information Notes

Default Table

Regulat...

1/ Manual change in Sequence Table will disable the Auto Refresh of the Sequence Generator

2/ Default sequence = RUN at max CPU frequency + STOP with the lowest consumption

3/ Default sequence is an example which does not match any pinout, configuration nor clock settings
and can be directly edited for reuse or removed

4/ PCC sequence has no impact on code generation

Display

a

d
Select your Preferred Display Plot: All Steps v o

Consumption Profile by Step

Byss

1

5

ZETOrUON

-Results at TA 25°C/3.3V

Sequence Type Default
Typ. Average Current 465mA
DMIPS 225

IE5995: loT & Edge Al Programming

Consumption (mA)

a3 oa os o6 o7 a8 as 10
Time (ms)

= 14 by Step — Average Curent

Sequence Time / TaMax 1 ms/28.02°C Average Consumption 4.65 mA

Battery Life Estimation

1 month Average DMIPS 225 DMIPS
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Code perspective

« Always write user code within
the

/* USER CODE BEGIN .. */

/* USER CODE END .. */
blocks.

« User code written outside such
blocks will be wiped next fime
“Generate Code"” is run after
some configuration change.

Winter 2022

D workspace_1.8.0 - HelloWorld/Core/Src/main.c - STM32CubelDE

Eile Edit Source Refactor Mavigate Search Project Run Window Help

A g B~ R -RiE-E > @rH >0 Avinid @I JRE T >F oD oy~ (2O
§yProject Explorer 8 2 % W § = O [MHelloWorldioc  [@ mainc 3 = 0O
v [ HelloWorld 70 ~
@ Includes 71 /* MCU Configuration-------------c-cmmmmmm e
2 Core 72 ) . L .
. 73 /* Reset of all peripherals, Initializes the Flash interface and t
&2 Drivers z .
. 74 HAL_Tnit();
[ HelloWorld.ioc 75
[ STM32F446RETX_FLASH.Id 76 /* USER CODE BEGIN Init */
|t STM32F446RETX_RAM.Id 77
78 /* USER CODE END Init */
79
80 /* Configure the system clock */
81 SystemClock_Config();
82
a3 /* USER CODE BEGIN SysInit */
84

85 /* USER CODE END SysInit */

87 /* Initialize all configured peripherals */
28 MX_GPIO_Init();

89  MX_USARTZ_UART_Init();

90 /* USER CODE BEGIN 2 */

- | X

Q s[RI
B= Qutline ¥ ® Build.. = O
Bl R o W §
= mainh
@ huart2 : UART_HandleTypel]
++ SystemClock_Config(void)
5 MX_GPIO_Init(vaid) : void
£+3 MX_USART2_UART Init{voic
e main{void) : int
e SystemClock_Config{void) :
e © MX_USART2_UART _Init{voic
o * MX_GPIO_Init{void) : void
@ Error_Handler{void) : void
A assert_failed(uint8_t*, uint3)

o
92 /* USER CODE EMD 2 */
93
94 /* Infinite loop */
95 /* USER CODE BEGIN WHILE */
96 while (1) v
< > <
[*0 Problems % & Tasks & Console TlProperties 7 & = O [z Build Analyzer 52 = Static Stack Analyzer o & =0
0 items
Description - Resource 5 =
Memory Regions Memory Details
Reaion Start address End address  Size Free
< 3> < >
Writable Smart Insert 1:1:0
IE5995: loT & Edge Al Programming 17



Build the project

For now, don't make any change to the code

In the menu, click “Project -> Build Project”

The build should finish quickly with no error or warning.

In File Explore, go to the project folder
« E.g., C:\Users\gn0061\STM32CubelDE\workspace_1.8.0\HelloWorld\

HelloWorld.bin is the file to send to the board, through the STM32CubeProgrammer

v = | Debug - O X
Home Share Wiew 0
«— v 1 « workspace_1.8.0 > HelloWorld > Debug > v | O S Search Debug

I Desktop ~ Name Date modified Type Size

¥ Downlozds Core 1/1/2022 12:53 PM File folder

=| Documents Drivers 1/1/2022 12:53 PM e folder

=/ Pictures __| HelloWorld.bin E} 1/1/20 File

= Google Drive (G} || HelloWorld.elf 1/1/2022 12:53 PM ELF File 1,134 KB

gn00&1 || HelloWorld list 1/1/2022 12: ST File 180 K

~ DenseTrans || HelloWorld.map 1/1/2022 12:53 PM MAP File 264 K

2 densetrns J makefile 1/1/20 e 4K
|| objects.list 1/ LIST File 2K

~, occupancy_Access )
| objects 1/1 Makefile Source File 1KB

~, reference 3 . - - - -
| sources 1/1/2022 12:53 PM Makefile Source File 1KB

@ OneDrive - Wayne State University

= This PC v

10items 1 item selected 7.63 KB =

Winter 2022 IE5995: loT & Edge Al Programming



Download the program to the board

« Open the Programmer - &7
« Connect to board (ST-LINK)
« Go to "Erasing & T
Programming” O
[ Run sfer programming I;\ 2 0x08008000 16K
 Browse and select the s ii + | _ocommn | o
HelloWorld.bin file. Craowe =
4 Download file
e Click “Start Programming”
Note: whatever content that was previously Lg e ,;
on the board will be erased. B
After the programming, the board is reset
and the new program will run automatically.

In this case, the program does nothing.

We’ve successfully created our first program on the board.
Whenever the board is powered, the program will run automatically.

Winter 2022 IE5995: loT & Edge Al Programming 19



main.c

« We can see that Bl (the user button) and LD2 (the green led) are

enabled, and the LD2 is reset

187 * [Iretval Mone

&

o= static void MX_GPIO_Init(void)

1

1 GPIO_InitTypeDef GPIO_InitStruct = {@};

2

3 /* GPIO Ports Clock Enable */

4 HAL_RCC_GPIOC_CLK_ENABLE();

5 HAL RCC_GPIOH CLK_ENABLE();

& _ HAL RCC_GPTOA CLK_ENABLE();

97 _ HAL_RCC_GPIOB_CLK_ENABLE();
199 /*Configure GPIO pin Output Level */
288  HAL_GPIO WritePin(LD2 GPIO Port, LD2 Pin, GPIO PIN RESET);
281
282 /*Configure GPIO pin : Bl _Pin */
283 GPIO_InitStruct.Pin = Bl Pin;
284 GPIO_InitStruct.Mode = GPIO_MODE_IT FALLING;
285 GPIO_InitStruct.Pull = GPIO_NOPULL;
286 HAL_GPIO Init(Bl GPIO Port, &GPIO InitStruct);
287
208 /*Configure GPIO pin : LD2 Pin */
289 GPIO_InitStruct.Pin = LD2_Pin;
.
£ L
211 GPIO_InitStruct.Pull = GPIO_NOPULL;
212 GPIO_InitStruct.Speed = GPIO SPEED FREQ LOW;
213 HAL_GPIO Init(LD2 GPIO Port, &GPIO InitStruct);
215}
216
217 /* USER CODE BEGIN 4 */
218
219 /* USER CODE END 4 */
22@
2212 f
Winter 2022

GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP; —

SRR L
= main.h
@® huart? : UART_HandleTypeDef
++ SystemClock_Cenfig(void) : void
-H—s MX_GPIO_Init{vaid] : void
-H-S WX _USARTZ2_UART Init{void) : void
@ main(void) : int
@  SysternClock_Cenfig(void) : void
® 5 MXY_USART2_UART Init(veid) : void
ef MX_GPIO_|Init{void] : void
@ Error_Handler{void] : void
j/ assert_failed(uintd_t*, uint32_t) : void

Note how the GPIO_InitStruct is configured.
We will see details of this later.

GPIO_PIN_RESET means O
GPIO_PIN_SET means 1

IE5995: loT & Edge Al Programming
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ma

IN.C

* The USART2 is enabled (connected to PA2 and PA3)

154
155

* @iretyal None

&

1562 static void USART2 UART Init{{ST:)

/* USER CODE BEGIN USART2 Init @ */
/* USER CODE END USART2 Init @ */
/* USER CODE BEGIN USART2_Init 1 */

/* USER CODE END USART2 Init 1 */
huart2.Instance = USARTZ;
huart2.Init.BaudRate = 115208;
huart2.Init.WordLength = UART WORDLENGTH_S8B;
huart2.Init.StopBits = UART_STOPBITS_1;
huart2.Init.Parity = UART_PARITY_ MNONE;
huart2.Init.Mode = UART_MODE_TX_RX;
huart2.Init.HwFlowCtl = UART_HWCONTROL_MNONE;
huart2.Init.OverSampling = UART_OVERSAMPLING_16;
if (HAL_UART Init(&huart2) != HAL OK)

1

1

Errer_Handler();

178 /* USER CODE BEGIN USART2_Init 2 */
179
158 /* USER CODE END USART2_Init 2 */
181
182 }
183
184z f**
185 * [@brief GPIO Initialization Function
186 * (@param MNone
187 * @retval None
188 */
Winter 2022

SHER S S -

= mainh

@ huart? : UART_HandleTypeDef

++ SystemClock_Cenfig(void) : void
H-S MX_GPIO_Init{void) : void

-H-S MY _USARTZ_UART _Init(void) : void
@ main({void) : int

@ SystemClock_Cenfig(void) : void
© 5 MX_USARTZ_UART Init(void) : veid
' MX_GPIO_Init(void) : void

@ Error_Handler{void) : void

/ assert_failed{uintd_t*, uint32_t) : void

GPIO Mode and Configuration

Configuration

Group By Peripherals

@ USART
& Single

ignals

Search Signals
| | [ Show only Modified Pins

[Pin_.__| Signal on Pin_|GPIO ou.|GPIO m...| GPIO P... | Maximu..[User . [uodif |

PAZ2 USARTZ TX n/a Alternat... No pull-u... Very High USA_ .
PA3 USARTZ_ RX n/a Alternat... No pull-u_. Very High USA__.
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main.c

66 int DR void)
67 {
/¥ USER CODE BEGIN 1 */

/* USER CODE END 1 */

« Check out the main function

« Add some functionality

« Add the following two lines in the
while loop

HAL_Init();

/* USER CODE BEGIN Init */

/* USER CODE END Init */

/* Configure the system clock */
SystemClock Config();

/¥ Infinite loop */

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

{
/* USER CODE END WHILE */

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */

/* Initialize all configured peripherals */
MX_GPIO_Init();

MX_USART2_UART Init();

) ) /* USER CODE BEGIN 2 */

/* USER CODE BEGIN 3 */

HAL_GPIO_TogglePin(LD2_GPIO Port, LD2_Pin); /* USER CODE END 2 */

HAL Delay(500);] /* Infinite loop */
} /* USER CODE BEGIN WHILE */
/* USER CODE END 3 */ while (1)
/* USER CODE END WHILE */

{* USER CODE BEGIN 3 */

The names such as “LD2_GPIO_Port” and “LD2_Pin”
are defined in main.h file (which was generated
automatically)

/* USER CODE END 3 */

Save, Build Project, then download the HelloWorld.bin file to the board. The green led should blink (toggle
on/off every 500 ms). If the program does not run automatically, press the Reset button on the board.

Winter 2022 IE5995: loT & Edge Al Programming

/* MCU Cenfiguration--------------oo"ee e */

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
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Definitions

f* Private defines -------------mmmmoom

#define
#tdefine
#tdefine
#define
#define
#define
#tdefine
#define
#define
#define
#tdefine
#define
#define
#define

* USER

* USER

Winter 2022

Bl _Pin GPIO_PIN_ 13
B1_GPIQ® Port GPIOC
USART TX_Pin GPIO PIN 2
USART TX_GPIO Port GPIOA
USART RX_Pin GPIO_PIN 3
USART_RX_GPIO Port GPIOA
LD2_Pin GPIO_PIN 5

LD2 GPIO _Port GPIOA
TMS_Pin GPIO PIN 13
TM5_GPIO_Port GPIOA
TCK_Pin GPIO PIN 14
TCK_GPIO Port GPIOA
SWO_Pin GPIO PIN 3
SW0_GPIO_Port GPIOB

CODE BEGIN Private defines */

CODE END Private defines */

« Some shorthand names are defined in
main.h

* For example:
« LD2_Pinis alias for GPIO_PIN_5
« But where is GPIO_PIN_5 define?
* It is defined in the stm34f4xx_hal_gpio.h

IE5995: loT & Edge Al Programming 23



AL _GPIO _TogglePin(LD2_GPIO_Port, LD2_Pin);

waorkspace_1.5.7 - HelloWorld/Drivers/STM32Fdo HAL_Driver/Inc/stm32f40c_hal_gpio.h - 5STM32CubelDE — O e

File Edit Source Refactor MNavigate Search Project Run  Window Help

s |- K -@ w S Eg-E - EF- -0~ ® RURE TR AR gl ] Q x| M
L4 W h e re IS th e H A L [ Project Explorer 3 = <§|) 7 & = B [g mainc main.h stm32fdx_h... stm32fdor ith stm32fhoch.. 3 % = B = Outline 2 Build Targets =
- [ HelloWorld all 220 . ~ SRR
f t. d f. d ? *‘p Binaries 2219 f** E,add-_cg’cup GPIO_Exported_Functions_Groupl # _STM22Fda HAL GPIO_H A
u nC |On e Ine . v il Includes . ol 21 stm32fdxx_hal_defh
(= C/ST/STM32CubelDE_1.5.1/5TM32Cubel DE/plugins/com.st.stm32cube.ide 224+ Initislization and de-initislization functions b © (anonymous)
° What Other G PIO (= C/ST/STM32CubelDE_1.5.1/5TM32Cubel DE/plugins/com.st.stm32cube.ide 225 wvoid HAL_GPIO_Init(GPIO_TypeDef <GPIOx, GPIO_InitTypeDef *GPIO_Init); T GPIO_InitTypeDef : struct
(= C/ST/STM32CubelDE_1.5.1/5TM32Cubel DE/plugins/com.st.stm32cube.ide 226 void HAL_GPIO_Delnit(GPIO_TypeDef *GPIOx, uint32_t GPIO_Pin); @ (enonymous)
. . (1= C:/ST/STM32CubelDE_1.5.1/5TM32Cubel DE/plugins/com.st.stm32cube.ide e T GPIO_PinState: enum
fu n Ct | O n S a re ava | Ia b I e ? 1= HelloWorld/Core/Inc e o # GPIO_PIN_D
* @ HelloWorld/Drivers/CMSIS/Device/ST/STM32F4oe/Include 230 # GPIO_PIN_1
15 HelloWorld/Drivers/CMSIS/Include 2312 /** @addtogroup GPIO_Exported_Functions_Group2 # GPIO_PIN_2
1 HelloWorld/Drivers/STM32F4ec_HAL_Driver/Inc 232 @ # GPIO_PIN_3
118 HelloWorld/Drivers/STM32F4i HAL Driver/Inc/Legacy 233 . . # GPIOPIN4
- 234 /% TO operation Functions *F=+ssets ettsmettssdbets bhets bethsetssbbes _PIN
h v & Core 235 GPID_PinState HAL_GPIO ReadPin(GPTO_TypeDef* GPTOx, uintl6_t GPIO_Pin); # GPIO_PINS
ec Out t e v Inc 236 void HAL_GPIO_WritePin(GPIO_TypeDef* GPIOx, uintle_t GPIO_Pin, GPIO_PinState PinState); # GPIO_PING
main.h 237 void HAL_GPIO TogglePin(GPIO_TypeDef* GPIOx, uintlé_t GPIO_Pin); # GPIO_PIN_T
. stm32fdic_hal_conf.h 238 HAL_StatusTypeDef HAL_GPIO_Lo(kII’in(GPIO_TypEDtIaF* GPIOx, uintl6_t GPIO_Pin); # GPIO_PIN_S
D rlve rS STM 32 F4XX HAL D W stm32fdoc ith 2329 void HAL_GPIO_EXTI_IRQHandler(uintls t GPIO_Pin); # GPIO_PIN.G
P P 248 wvoid HAL_GPIO_EXTI_Callback(uintl6_t GPTIO_Pin); -
= Src 24 - - - - - # GPIO_PIN_10
. .
(= Startup 4 # GPIO_PIN_11
river folder in the source 8 o B
= CMSIS 24 # GPIO_PIN_13
d ~ (= STM32Fdo HAL Driver 24 # GPIO_PIN_14
CO e v & Inc S # GPIO_PIN_15
(= Legacy 24 # GPIO_PIN_AI
stm32fde_hal_cortex.h 249 #  GPIO_PIN_MASK
stm32fdiec_hal_def.h 25 # GPIO_MODE_INPUT
stm32fdue_hal_dma_exh 251 e constants # GPIO_MODE_QOUTPUT_PP
stm32fdc_hal_dmah o ;:gefg'c“p GPI0_Private Constants GPIO Privats Constants # GPIO_MODE_OUTPUT 0D
stm32f4o_hal_extih 354 # GPIO_MODE_AF_PP
stm32fdie_hal_flash_exh 255 # GPIO_MODE_AF_OD
stm32f4o_hal_flash_ramfunc.h 256& # GPIO_MODE_ANALOG
stm32fdxx_hal flash.h 257 " @ # GPIO_MODEIT_RISING
stm32fdo_hal_gpio_exh :z: ## GPIO_MODE_IT_FALLING
stm32fde_hal_gpio.h T e = 1 v # GPIO_MODE_IT_RISING_FALLING
stm32fdiec_hal_pwr_exh E E 4 ARIA MAARE CUT DICIMG e
stm32fdu_hal_pwr.h {1 Problems J£| Tasks & Consale 2 [T Properties &4 <"5.>| A &f = | ™ B~~~ = B [5B8uildAnalyzer 37 22 Static Stack Anal.. = B

stm32fdo_hal_rcc_exh

i ey
stm32fx_hal_rec.h CDT Build Console [HSHUWDIH] — g
stm32fiochal_tim_exh arm-none-eabi-objdump -h -5 Helloworld.elf > "HelloWorld.list™ HelloWorld.elf - /HelloWorld/Debug - Dec 31,
str32foc_hal tim.h arm-none-eabi-objcopy -0 binary HellowWorld.elf “HelloWorld.bin" 2021 4:56:36 PM

stm32fdoc_hal_uarth arm-none-eabi-size  HelloWorld.elf

Memeory Regiens  Memory Details

stm32fdiec_hal.h text data bss dec hex filename
(= Sre 8648 28 1636 18384 2848 HelloWorld.elf Region Start address End address
(= Debug Finished building: default.size.stdout EHRAM 020000000 0x20020000
HelleWorld.ioc Finished building: HelloWorld.bin I8 FLASH (08000000 002080000
1w STM32F446RETX_FLASH.Id Finished building: HellcWorld.list
w0 STM32FA4BRETX_RAM.Id v v = =
< > < >
/HelloWorld/Drivers/STM32F&a_HAL_Driver/Inc/stm32f&ac_hal_gpio.h [on]
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Some other GPIO functions

/ 0 operation functions
GPI0 PinState HAL GPIO ReadPln(GPID TypEDEf* GPIOx, uintlé t GPIO Pin);

void HAL GPIO WritePin(GPIQ TypeDef* GPIOx, uintlé t GPIO Pin, GPIO PinState PinState);
void HAL GPIO TogglePin(GPIO TypeDef* GPIOx, uintlé t GPIO Pin);

HAL_StatusTypeDef HAL_GPIO_LockPin(GPIO_TypeDef* GPIOx, wuintls_t GPIO_Pin);

vold HAL GPIO EXTI IRQHandler{uintlé t GPIO Pin};

voild HAL_GPIO_EXTI_Callback{uintlé_t GPIO_Pin);

typedet enum

1
GFIO _PIN RESET = @,
GPIO PIN SET

}GPI0O PinState;

This means
GPIO_PIN_RESET is alias for 0 (Low)
GPIO_PIN_SET is alias for 1 (High)

* [@defgroup GPIO pins_define GPIO pins define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

GPIO_PIN_®
GPIO_PIN_1
GPIO_PIN_2
GPIO_PIN_3
GPIO_PIN 4
GPIO_PIN_S
GPTIO_PIN_6
GPIO_PIN_7
GPIO_PIN_B
GPIO_PIN_9
GPIO_PIN_1@
GPIO_PIN_11
GPIO_PIN_12
GPIO_PIN_13
GPIO_PIN_14
GPIO_PIN_15
GPTIO_PIN_All

{(uintlé_t)exeeel)
{(uintlé_t)e@xeea2)
{((uintlé_t)exeeed)
{(uintls_t)exeees)
{(uintlé t)e@xee18)
{(uintls_t)exee2e)
{(uintls_t)exesda)
{((uintlé_t)e@xeese)
{(uintls_t)exe16e)
{(uintlé _t)exe20e)
{(uintls_t)exe4ee)
{(uintlé_t)exesea)
{((uintlé_t)ex1868)
{(uintlé_t)ex2068)
{(uintlé_t)ex40ee)
{(uintls_t)exs0ee)
{(uintlé_t)@xFFFF)

J* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
/* Pin
J* Pin
/* Pin
/* Pin
/+ A1l

selected
zelected
zelected
selected
selected
selected
zelected
zelected
selected
selected
18 selected
11 selected
12 selected
13 =zelected
14 selected
15 selected

(=T = R e W R SR R P ]

pins selected */

So, another way of blinking the green led is:

# Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{ y y -
f* USER CODE END WHILE */
HAL GPIO WritePin(LD2 GPIO Port,
HAL_Delay(5@8);
HAL GPIO WritePin(LD2_GPIO Port,
HAL Delay(5ea);
'* USER CODE BEGIN 3 */

LD2_Pin, GPIO PIN SET);

LD2_Pin, GPIO PIN RESET);

* USER CODE END 3 */f

Exercise 1: Modify the content in the while (1)
loop to realize this:

When the blue button (B1_Pin) is pressed
(PinState is 0), the green led is on;
otherwise, the green led is off.
Hint: Use the HAL_GPIO_ReadPin function.

Winter 2022
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GPIO_InitStruct.Mode, .Pull, .Speed defs

119 #define GPIO_MODE_INPUT exeaoaoaaal f*1< Input Floating Mode */

128 #define GPIO_MODE_OUTPUT_PP exeaaaaaall /*1< Output Push Pull Mode */

121 #define GPIO_MODE_OUTPUT_OD Exeasaaalll /*!< Output Open Drain Mode */

122 #define GPIO_MODE_AF_PP 9x008000620 /*!< Alternate Function Push Pull Mode */

123 #define GPIO_MODE_AF_OD exee8e80120 /*!< Alternate Function Open Drain Mode *f

124

125 #define GPIO_MODE_ANALOG exeaaaaaasu f*1¢ Analog Mode */

126

127 #define GPIO_MODE_IT_RISING 8x181168660 /*!< External Interrupt Mode with Rising edge trigger detection */
128 #define GPIO_MODE_IT_FALLING 9x1821606060 /*!< External Interrupt Mode with Falling edge trigger detection *f
129 #define GPIO MODE_IT RISING FALLING Bxle31eesal  /*l< External Interrupt Mode with Rising/Falling edge trigger detection */
138

131 #define GPIO_MODE_EVT_RISING éx1e126@68) /*!< External Event Mode with Rising edge trigger detection *f
132 #define GPIO_MODE_EVT_FALLING 9x182280880 /*!< External Event Mode with Falling edge trigger detection =4
133 #define GPIO_MODE_EVT_RISING_FALLING 9x1832688680 /*!< External Event Mode with Rising/Falling edge trigger detection *f
1342 f**

135 * @}

136 */

137

1382 /** [@defgroup GPIO_speed_define GPIO speed define

139 * gbrief GPIO Output Maximum frequency

146 * @f

141 */

142 #define GPIO_SPEED_FREQ_LOW axpaeppaeal  /*!< I0 works at 2 MHz, please refer to the product datasheet */

143 #define GPIO_SPEED_FREQ_MEDIUM axeeaeseall /*!< range 12,5 MHz to 58 MHz, please refer to the product datagshest */

144 #define GPIO_SPEED_FREQ_HIGH axeeaeaaa2l /*!< range 25 MHz to 188 MHz, please refer to the product datasheet */

145 #define GPIO_SPEED_FREQ VERY HIGH exeseseed3l /*!< range 58 MHz to 288 MHz, please refer to the product datashest */
1465 ._I.'=:>:

147 * @}

145 */

149

1582 /** @defgroup GPIO _pull define GPIO pull define

151 * fibrief GPIO Pull-Up or Pull-Down Activation

152 = @

153 *f

154 #define GPIO_NOPULL axeopapeeal)  /*!< No Pull-up or Pull-down activation */
155 #define GPIO_PULLUP exeeaepeell  /*!< Pull-up activation *f
156 #define GPIO_PULLDOWN axeeaapee20  /*!< Pull-down actiwvation */
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Use other GPIO pins (e.g., PA_10)

 Double click HelloWorld.ioc in

the Project Explore pane to
open the Device JHHEEHEHEEEEEEER =
Configuration perspective I ;. C

RCC_0SC32_ N [EeEE

- Change the role of PA10 to
GPIO_Output in the Pinout & e B
Configuration view (see pic) =

» Click the save button &, click =
“Yes” to the question “Do you = STM32F446RETX e
want generate code?¢”, then o LQFP64 _
click “Yes” to open the code 3
perspective. W <l 2| 5| 5l ol 2] ol 2

&
% %
i
&,
)
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Regenerated MX_GPIO_Init code In main.c

static void MX_GPIO Init(woid)

1

Winter 2022

GPIO_InitTypeDef GPIO _InitStruct = {8};

'* GPI0 Ports Clock Enable
__HAL_RCC_GPIOC_CLK_ENABLE(
__HAL_RCC_GPIOH CLK_ENABLE(
__HAL_RCC_GPIOA CLK_ENABLE(
__HAL_RCC_GPIOB CLK_ENABLE(

/*Configure GPIO pin Output Level */

HAL GPIO WritePin(GPIOA, LD2_Pin|GPIO_PIN_ 1@, GPIO PIN RESET);

/*Configure GPIO pin : B1l_Pin */

GPIO InitStruct.Pin = Bl Pin;

GPIO InitStruct.Mede = GPIO MODE IT FALLING;
GPIO InitStruct.Pull = GPIO MOPULL;

HAL_GPIO Init(Bl_GPIO Port, &GPIO InitStruct);

f*Configure GPIO pins : LD2_Pin PAl® */
GPIO InitStruct.Pin = LD2 Pin|GPIO PIN 18;
GPIO InitStruct.Mode = GPIO _MODE _OUTPUT _PF;
GPIO_InitStruct.Pull = GPIO_MOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ_LOW;
HAL_GPIO Init(GPIOA, &GPIO InitStruct);

IE5995

« LD2_Pin | GPIO_PIN_10

» Both LD2_Pin (alias for GPIO_PIN_J5)
and GPIO_PIN_10 are enabled on
GPIO Port A (GPIOA)

: loT & Edge Al Programming
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8 PA_10(D2)

ardware connection

* Let PA_10 (now configured as a
digital output pin) to drive a led

330 ohm

aHEp

[E5995:
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Write user code

* |f the blue button (B1_Pin, or equivalently GPIO_Pin_13) is pressed, then
light up the led connected to PA_10; otherwise, turn off the led

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

/* USER CODE BEGIN 3 */

if(HAL_GPIO ReadPin(Bl_GPIO Port, BL Pin) == GPIO PIN RESET){
HAL_GPIO WritePin(GPIOA, GPIO PIN 1@, GPIO PIN SET);

} else {
HAL GPIO WritePin(GPIOA, GPIO PIN 18, GPIO PIN RESET);

h

¥
/* USER CODE END 3 */

Winter 2022 IE5995: loT & Edge Al Programming
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Exercises
1. Use the blue button to toggle the led connected to PA_10.

» Toggle means: click -> turn on, click again -> turn off

2. Connect a tactile switch to PA_8, set PA_8 as digital input, and use the
switch to tfoggle the led connected to PA_10

Tactile switch

*

Winter 2022 IE5995: loT & Edge Al Programming
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Debug functions

S . « We will monitor a global variable
o Ferem— - intf counter =0
59 /7 USER CODE EAD 0 =/ * Increment the counter every 500 ms,
61 /** and reset when hit 20
62 * @brief The application entry point. . .
03| o eebol nt - We are going fo monitor the value of
65¢ int main(void) this variable while the programis
66 { 1
67 /* USER CODE BEGIN 1 */ runnlng
23 /* USER CODE END 1 */ « Make sure Debug is “Serial Wire"

« PA13 and PA14 will be used automatically

94 /* Infinite loop */
95 /* USER CODE BEGIMN WHILE */

9  while (1) Pinout & Configuration Clock Configuration

g7 { v Software Packs

98 /* USER CODE END WHILE */ ECH SYS Mode and Configuration :
99
160 /* USER CODE BEGIN 3 */ | — |
101 HAL GPIO TogglePin(LD2 GPIO Port, LD2 Pin); System Core v Debug Serial Wire -
102 HAL_Delay(500); . L] System Wake-Up 0

102 counters+;
lo4 1'F{counter' > 29){ GPIo Timebase SourcelSysTick V|
105 counter = @; WDG

106 Y NVIC

) v RCC

o7}

108 /* USER CODE END 3 */ WWDG

109 }
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Debug Configurations O * ° °
Create, manage, and run configurations ¢ D e b U g C O n fI g U rO -l-I O n
CE R I Name:‘ HelloWorld Debug | .
_— * = Main ﬁDe_bugger-&iStar‘tuDT‘é Source £ Common ~ ® que Sure The board IS ConneCTed
ggg:'s&i:ﬂtﬁ;‘p: ;)D,Euiz:tr;::fcr;lszt[t)lgisa;wer Host name or IP address localhost TO The PC VIO US B
D e ton| OSoreclormme b onoe o] » It should not be in active connection
L Emnso e commana e elsewhere, i.e., STM32CubeProgrammer
« Go to Run -> Debug Configuration
@ swD O J1AG
Z::;K{E::): I iii;FF52515?8?836?083433 :I S ® C | | C |< -I-h e D e b U g g e r -I-O b
et . « Check the box “ST-LINK S/N", click
o Eomectumserest Scan, and select the board ID
v « Check "Enable” under SWV
rliEaI \:;ire Viewer (SWV) Eﬂfés Kbelrnz-lrg\;ireness L S eT C Ore C I OC |< (M HZ) TO 84 .O
Coe sk O - This value is read from the HCLK value
Jumiswoed - from the Clock Configuration page
. o QW « “Enable live expressions” is checked
Filter matched 8 of 8 items ([ J C | i C |< D e b U g
.jf?) Close
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The Debug perspective

Search Project Run Window Help . .
T P gy * In the Live Expressions tab, add the
| - | variable name “counter” as a new
= B t=Varia.. % Brea.. S Expr.. BAMod.. iiRegi. 4 Llive.. % maSFRs =~ O expreSSiOn

~ x %

e | Type « Hit the play button (or F8), the program

= Add new expression Wi” run On bOOrd, Ond The COUHTer
value is displayed in the Live Expression
view In real-time

CCCCCCCC B  Hit the suspend button to pause the

Core Clock: 84 MHz [JCPI: Cycles per instruction [] EXC: Exception overhead [JEnable Resolution: 16384 Cycles/sample

Clock Prescalar: 42 []SLEEP: : Sleep cycles [C]LSU: Load store unit cycles
[] FOLD: Folded instructions [_] EXETRC: Trace Exceptions Timestamps p ro g rO I I I
SWO Clock: 20000 | kHz

[~]Enable Prescaler: 1

Data Trace

L] L]

Comparator 0 Comparator 1 Comparator 2 Comparator 3 L4 GO .I-O WI ndOW _> ShOW V|eW _> SWV _>

Enable k‘ [JEnable [ Enable [JEnable

Var/Addr. * Var/Addr: | 0x0 Var/Addr: | 0x0 Var/Addr: | 0x0 S Wv DO -I-O Tro C e

Access: |Write v Access: Read/Write Access: Read/Write Access: Read/Write
Size: Word Size: Word Size: \Word Size: |Word . 0 . " % . A | H ME E = B
Generate: Data Value @ Generate: |Data Value Generate: | Data Value Generate: |Data Value [ J C | I C k C O n fl g U re TrO C e
— [|Start Trace

ITM Stimulus Ports

Enable port: 31 JLILILIOIOICI 24 23100LUIOIO e 1sOO0OOIOIOMs 700O000O0 o * Add “COU n-l-er” TO CompGrOTor O

Privileged only ports: [ ] Port 31.24 [ ] Port 23.16 [ ]Port 15.8 []Port 7.0 ik 1 e w Hl ® uE : = B8
« Turn on “Start Trace” button _
Configure trace
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m workspace_1.8.0 - HelloWorld/Core/Src/main.c - STM32CubelDE — X
File Edit Source Refactor Navigate Search Project Run Window Help

Tu e |@i vitsv O v Qvia|%o 0 @/ NewWindow - SN LR R A R R e i N Q ®| @O
45 Debug = 5 Project Explorer SIEIR 2 I Editor ? fup_stm.. [¢ stm32fdxx_halc  [¢ stm32fdxx_ha..  [4 core_cm4.h 73 = B ®-Varia.. % Brea.. % Expr. BiMod.. ¥Regi.. & Llive. =X ®8SFRs ~ O
v [ Helloworld Debug [STM32 Cortex-M C/C++ Application] Appearance ? ~ % % 8
~ [ HelloWorld.elf [cores: 0] Show View > & ThreadX > Expression Type Value
~ o Thread #1 [main] 1 [core: 0] (Suspended : Signal : SIG Perspective > & FreeRTOS > ./ )= counter int 1
= HAL Delay() at stm32foc_hal.c:400 0x8000a22 Navigation N B swv : : > B SWVTrace I99 &= Add new expression
= main() at main.c;102 0x8000520 % Breakpoints Alt+5hift+Q, B E SWV Exception Trace log L x/
+& arm-none-eabi-gdb (8.3.1.20191211) Preferences o Build Analyzer L. SWV Data Trace
s ST-LINK (ST-LINK GDB server) 75 & Console Alt+Shift+Q, C |_ SWV Data Trace Timeline Graph
76  /* USER % Debug E SWVITM Data Console E}
77 G Debugger Console B SWV Statistical Profiling
78 /¥ USER & Debug Sources
79 = Disassembly
80 /* Conf @] ErrorLog Alt+Shift+Q, L
gé System( @ Executables
S Expressions
gi /* USER @ Fault Analyzer
85  /* USER & Live Expressions
36 0 Memory
g7  /* Init @ Memory Browser
28 MX_GPIO E. Modules
89 MX_USAR g= Outline Alt+5Shift+Q, O
90 /* USER [2 Problems Alt+Shift+Q, X
91 =g Progress
gg /* USER g, Project Explorer
94  /* Infi _ 2;3;518[5
95 /* USER _ 7.
06 while ( @ Signals
g7 { = Static Stack Analyzer
98 /* Us B Templates
99 8 Trace Control
100 J/* US == Variables Alt+Shift+Q, vV W
Other... Alt+5hift+Q, Q < >
B Console [£ Problems & Executables & Debugger Console 0 Memory . SWV Data Trace E= SWV Statistical Profiling |- SWV Data Trace Timeline Graph 2 GOl & ey @ =S

— counter




Use Infterrupts

Pinout & Configuration

Categories

System Core hd

DMA
WDG
NVIC

¥ RCC
svs
WWDG

Analog hd

ADC1
ADC2
ADC3
DAC

Timers ~

RTC
TIMA1
TiM2
TIM3
TiM4
TIM5
TIM&
TIM7
TIM8
TIM9
TIM10
TIM11
TiM12
TIM13

Winter 2022

Clock Configuration

~ Software Packs ~ Pinout

GPIO Mode and Configuration

Configuration

Project Manager

|Gr0up By Peripherals

Search Signals

PC13 n‘a

Low
nfa

Dutput Push_ Nopullupa Low
External Inte... No pull-up a... nfa

: {£F Pinout view System view
4
»
~]
B1 [Blue PushButton]
RCC_0SC32IN J#4 Reset State
[ Show only Modified Pins rcc_oscaz_ouT [gd RTC_AF1
RCC_0SC_IN SYS_WKUP1
GPIO_Input
RCC_0SC_OUT —
LD2 [Green -7 GPIO_Output

B1[Blue Pu... GPIO_Analog
EVENTOUT

STM32F446RE
LQFP64

USART_TX

~PC13 Configuration :

GPIO made

GPIO Pull-up/Pull-down

User Label

USART_RX ||gLE]
LD2 [Green Led] |Fad

|External Interrupt Mode with Falling edge trigger detection Y |

|N0 pull-up and no pull-down

[B1 [Blue PushButtan]
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Configure PC13 (the blue
button) as GPIO_EXTI13

Set GPIO mode (Falling
edge trigger)
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Enable EXTI 15:10 interrupts in NVIC

Pinout & Configuration Clock Configuration Project Manager b PC13 IS grou ped together Wlth
v Software Packs » Pinout t h . . t
{‘%-‘} NVIC Mode and Configuration {5E Pinout view £%= System view m a ny o e r pl n S I n o a
Coniguriion N common NVIC IRQ named
& NVIC
System Care hd
a Priority Group [] Sort by Premption Priority and Sub Priority  [] Sort by interrupts names EXTI 1 5_1 O_I RQ-
DMA .
- Search ® { Show Farce DMA channels Interrupts B1 [Bluz PushBution] [
cro We have to enable it to use
RCC_05C32_0uT PC13 pin for interru pt
¥ RCC MNon maskable interrupt 0 0 ReC_oscn
SYS 0 0 RCC_0SC_OUT . . . .
Hard fault interrupt 0 0 i °
WG T T ' : Disregard the priority setting,
Pre-fetch fault, memory access fault 0 0 .
o Undefined instruction or illegal state 0 0 JUSt Use the defau It O.
Analog System service call via SWI instruction 0 0
- Debug monitor 0 0 o Sma”er Value meanS
ADC1 Pendable request for system service 0 0 = . . .
ADC2 Time base: System tick timer 0 0 STM32F446R h |gher pr'or'ty_
ADC3 PVD interrupt through EXTl line 16 0 o 0 LQFP64
DAC Flash global interrupt 0 o 0
RCC global interrupt 0 o 0 USART T
USART2 global interrupt O 0 0 B
Timers - EXTl line[15:10] interrupts 0 0 P
N FPU global interrupt o o 0 -
RTC ;\ 3
T S &
M2 > S
TIM3 -

Winter 2022 IE5995: loT & Edge Al Programming 37



IRQ

~ [ Core
= Inc
v = Src
[¢ main.c
[g] stm32f4xx_hal_msp.c
[¢] stm32fdioitc
[l syscalls.c
[¢ sysmem.c
[g system_stm32foc.c
(= Startup
~ (& Drivers
= CMsIS
v (= STM32Fx_HAL_Driver
= Inc
v = 5rc
[£] stm32f4ix_hal_cortex.c
[g stm32f4x¢_hal_dma_ex.c
[g] stm32fdioc_hal_dma.c
[g stm32f4x_hal_exti.c
[£] stm32fdio_hal_flash_ex.c
lel stm32fdix_hal_flash_ramfunc.c

109 RO OO ORISR RO [

200

201

202
203

215
216
217
218

andler invocation chain

J/* STM32F4xx Peripheral Interrupt Handlers

/* Add here the Interrupt Handlers for the used peripherals.
/* For the available peripheral interrupt handler names,

/#* please refer to the startup file (startup_stm32f4dxx.s).

FEsd

* @brief This function handles EXTI line[15:18] interrupts.

=/

04=void EXTI15_1@_IRQHandler(void)

/* USER CODE BEGIN EXTI15_16 TIRQn @ */
/* USER CODE END EXTI15 1@ IRQn @ */
HAL GPTIO EXTI TRQHandler (iU

/* USER CODE BEGIN EXTI15 1@ IRQn 1 */

/* USER CODE END EXTI15 16_IRQn 1 */

/* USER CODE BEGIN 1 */

/* USER CODE END 1 */

* We have to implement the HAL_GPIO_EXTI_Callback function

in main.c

Winter 2022

HAL_GPIO _IRQHandler(B1_Pin); is
i called in EXTI15_10 IRQHandler

* Where is this function defined?

* IN the file stm32f4xx_hal_gpio.c

[ HelloWorld.ioc [¢] main.c [€] stm32f4xx_it.c ¢ stm32f4xx_hal_gpio.c &2

489 * @param GPIO_Pin Specifies the pins connected EXTI line
490 * @retval None

491 */

IEYEMS - MHAL_GPIO_EXTI_IRQHandler QElgstRaNeIN:ET))
193 {

194 /¥ EXTI line interrupt detected */

495  if(__HAL_GPIO_EXTI_GET_IT(GPIO Pin) != RESET)
196 {

197 __HAL_GPIO_EXTI_CLEAR_IT(GPIO_Pin);

498 HAL_GPIO_EXTI_Callback(GPIO_Pin);

199}

503 * @brief EXTI line detection callbacks.
584 * @param GPIO_Pin Specifies the pins connected EXTI line
5@5 * @retval None

506 *f
507= __weak wvoid HAL_GPIO_EXTI_Callback(uintlé6_t GPIO_Pin)
508 {

589 /* Prevent unused argument(s) compilation warning */

516  UNUSED(GPIO_Pin);

511= /* NOTE: This function Should not be modified, when the callback is needed,
512 the HAL_GPIO_EXTI_Callback could be implemented in the user file
513 *f

514 }

515
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Implement the callback function

HelloWaorld.i [g] inc 2 [g stm32fdo it [€] stm32fdxx_hal i0. H H H HY
ng oWorld.ioc main.c stm WG stm xx_hal_gpio.c ° DO nothlng in the |nf|n|te IOOp
94 J* Infinite loop */ H H
95 | 7* USER CODE BEGIN WHILE */  The green led is to be toggled by the B1_Pin
6 while (1) interrupt
a7 {
98 /* USER CODE END WHILE */
g9
a0 /* USER CODE BEGIN 3 */
a1 ¥
a2 /* USER CODE END 3 */
83 }
104

[ HellowWorld.ioc [¢ main.c 2 [£ stm32f4ux_it.c [€] stm32f4xx_hal_gpio.c

220 /* USER CODE BEGIN 4 */ . .

221%void HAL_GPIO_EXTI_Callback(uint16 t GPTO_Pin){ * User implementation of the

222 if(GPIO_Pin == B1_Pin){ :

223 HAL_GPIO_ TogglePin(LD2_GPIO Port, LD2_Pin); HAL—C.SPIO—EXTI_—Ca.”baCk functlo.n

22 } } e If theinterrupt is trigger by B1_Pin, then toggle
226 /* USER CODE END 4 */ the led

* Exercise: Change the interrupt trigger to the
Rising edge, and try again

* After making these changes, save, build project, _ ) o
* Which one (falling or rising) is better?

and debug.
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TImers

« Many embedded applications are fime dependent
» Timers are the primary means by which the MCU controls the application

* It would be a great waste of the processing power if functions like
HAL_Delay() are pervasively used to fime processes

« Use hardware timers along with interrupts is the right way to implement
embedded time-dependent applications

« Use case examples:
* Measure the frequency of an incoming digital pulse frain
Measure elapsed tfime on an output signal (called output compare for STM timers)
Generate precise PWM signals for servo and motor control
Generate single pulse with programmable length and delay
ADC (e.g., oscilloscope, audio signal) sampling at a given frequency



Timer sefup

» A fimer is essentially a counter
* The clock source Frequency and the Prescaler controls how fast it counts

* The timer's Counter Period determines how many counts before it's reset 1o O, i.e., the
timer’'s maximum counting value

* A value of 0 turns off the fimer - the timer will not run at all



TIM11 Mode and Configuration :

™ Activated

Channel1 |Disable MY
L7

] one gDisable
Input Capture direct mode

Input Capture direct mode from Remap
Qutput Compare No Output

Output Compare CH1

PWM Generation No Qutput

PWM Generation CH1

Forced Output CH1

Configuration

Reset Configuration

@& User Constants & NVIC Seftings

& Parameter Settings

Configure the below parameters : |
Q| | © o) (i )
~ Counter Settings

Prescaler (PSC-16 .0

Counter Mode Up

Counter Period (Auto. 65535

Internal Clock Divisio.. Mo Division

auto-reload preload Disable

Timer modes

* Input Capture: allows us to automatically store the timer’s

value when an event happens on a pin

« Output Compare: allows us to toggle a pin whenever the

value in the timer reaches a certain amount

« PWM Generation: foggles a pin at different duty cycles
based on a timer’s counter value
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TIM11 Mode and Configuration |

)
¥ Activated
Channel1 |Disable v

[J One Pulse Mode

Configuration

Reset Configuration

& Parameter Settings & User Constants & NVIC Settings

Configure the below parameters :
f_',_'{| | () ﬂ

~ Counter Settings
Prescaler (PSC - 16 bits value)
Counter Mode Up
Counter Period (AutoReload Re.. 65535
Internal Clock Division (CKD) No Division
auto-reload preload Disable

Winter 2022

84 MHz /84 =1 MHz = 1 tick / microsecond
Max time: 65535 * 1 microsecond = 65.535 ms

The maximum time we can measure with this timer is
about 65 milliseconds.

We will use this timer (TIM11) to measure how long
something takes to process in the MCU

Save configuration, generate code, and go to main.c
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Use hardware timer to fime a block of code

225 /* Private includes ------------- * Use UART2 to output messages

23 /* USER CODE BEGIN Includ = . . .

2% (b, SR CO0® BPGIN Includes %/ e Use Putty at the STLink Virtual COM Port to receive

22 |/ R CODE BB dncludes %/ « Cannot use physical TX/RX pins on board unless solder

bridge SB62 or SB63 is closed.

}
/* USER CODE END 3 */

}

68=int main(void)
69 {
78 /* USER CODE BEGIN 1 */ f: Infinite loop */ .
71 char uart_buf[50]; / .USER CODE BEGIN WHILE */
72 int uart_buf len; ?hlle 1)
13 Uintlﬁ—t tlmer‘_va’l;# // Get current time (microseconds)
74 /% USER CODE END 1 */ timer val = _ HAL TIM_GET COUNTER(&htim11);
75 // any code we want to measure how long it takes to execute
// we will put a dummy delay here: wait for 5@ ms
// Given the prescaler and period set up, TIM11 cannot measure anything longer than 65 ms
92 /¥ Initialize all configured peripherals */ HAL_Delay(50);
93 MX_GPIO Init(); // Get time elapsed
94 MX_USART2_UART Init(); ;}mgﬁs:aiIZDEEAI.EE:”EM_GET_CDUNTER(&htlmll) - timer_val;
95 MX_TIM11 Init();
o f*_USER EDBE éééIN 2 %/ uart_buf _len = sprintf(uart_buf, "%u us\r\n", timer val);
;: HAL_UART Transmit(&huart2, (uint8_t *)uart_buf, uart_buf_len, 100);
2/ . —- " 1 // Wait again so we don't flood the Serial terminal
98 uart_buf _len = sprintf(uart_buf, "Timer test\r\n"); 2 HAL Delay(1600)
99 HAL_UART_TPansmit[&huar‘tE, (uintS_t*)uaPt_buf, UaPt_bU‘F_lEﬂ, 19‘3),‘ 2 HAL:GPID_TogglePin(LD2_GPID_Por"t, LD2_Pin);
100 HAL_TIM Base Start(&htimll); 2
101 2 /* USER CODE END WHILE */
162 /* USER CODE END 2 */ 2
102 2 /* USER CODE BEGIN 3 */
2
2
2

2
3
4
5
7
8
n
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Use Serial port o receive uart2 messages

B Portable Devices

o . . . . .
v [ Porte DN & LR Do nothing in the infinite loop
@ IntelR) Active Management Technology - SOL (COM3)  The green led is to be toggled by the B1_Pin
# STMicroelectronics STLink Virtual COM Port (COM4) .
Interrupt
#% PUTTY Configuration ? x
Category:
T--Session Basic options for your PuTTY session
‘- Logging _ = E@ COM4 - PUTTY - O
~ Terminal Specify the destination you wantto connectto
- Keyboard Serial line Speed
- Bell [com4 | [115200] |
- Features . ]
© Window C_onnecnon tyE:ne. ]
. Appearance ()ssH @ sSeral ()Other | Telnet W
- Behaviour
- Translation Load, save or delete a stored session
+-Selection Saved Sessions
- Colours
—-Connection
- Data Default Settings Load
- Proxy
+-SSH Save
- Serial
.. Telnat Delete
- Rlogin
- SUPDUP

Close window on exit

(O Aways () Never (@ Only on clean exit

About Help Cancel




TIM11 Mode and Configuration

= Non-blocking blinky using Timer

v]

[J One Pulse Mode

« 84 MHz / 8400 = 10 kHz = 1 tick every 0.0001 sec
« Can countup 1o 0.0001 * 65536 = 6.5536 sec

/* Initialize all configured peripherals */
MX_GPIO_Init();

MX_USART2 _UART Init();

MY_TIMI1 Init();

/* USER CODE BEGIN 2 */

HAL TIM Base Start(&htimll);
// Get current time

timer_val = _ HAL TIM GET_COUNTER(&htim11);

/* USER CODE END 2 */

Configuration

/* Infinite loop */
/* USER CODE BEGIN WHILE */

Reset Configuration

& Parameter Settings User Constants ! "{"hlle &
Configure the below parameters : | // If enough time has passed (1 second, 10000 ticks, = 84 MHz/8400), toggle LED
. . // Below way to calculate elapsed time will work even if the timer rolls over to @
Cﬂ ‘ ot o // This creates non-blocking code to blink the LED every second
 Counter Settings if(__ HAL TIM GET_COUNTER(&htim11l) - timer_val >= 10000){
: HAL_GPIO_TogglePin(LD2_GPIO_Port, LD2_Pin);
Prescaler (PSC - 16 bits value) 8400 - 1 timer_val = _ HAL TIM GET_COUNTER(&htim11):
Counter Mode Up )
Counter Period (AutoReload Register - 16 bits value ) 65535
* ' *
Internal Clock Division (CKD) No Division /% USER CODE END WHILE */
auto-reload preload Disable

/* USER CODE BEGIN 3 */

¥
/* USER CODE END 3 */
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Timer triggered interrupt

Target event rate: 1 Hz

Time between target event: 1 sec
Clock speed: 84 MHz

Prescaler: 8400

Desired Period value:

% —
Reaches a max value 1 sec * (84 MHz / 8400) = 10000
TIM11_CNT (Counter Period) and _
A & Parameter Settings tting
Value / Sta rt over Configure the below parameters -
Qseacn s | © O
~ Counter Settings
o3 Prescaler (PSC - 16 bits value) 8400 -1
C)’b‘ Q\> Counter Mode Up
’éc’e \\(J Counter Period (AutoReload Register - 16 bits value )
C(Q/ 6\0 \e( Internal Clock Division (CKD) Mo Division
'\(\ -fi\e (:b auto-reload preload Disable
W (@
N 7R
X @0
" X
° :
. Configuration
Time -
T _— .
HAL_TIM_Base_Start() Timer update event Timer update event
- - - . . . . aram ttings | @ User Constants [ESNMIC Setings
(trigger interrupt) (trigger interrupt)
TIM1 trigger and commutation interrupts and TIM11 glob  §4 O
Enable this, or interrupt won’t trigger
Winter 2022
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Timer functions fo use

68.2.3 Time Base functions
This section provides functions allowing to: . TIM Period elapsed callback
. Initialize and configure the TIM base. . TIM Output Compare callback
. De-initialize the TIM base. . TIM Input capture callback
. Start the Time Base. . TIM Trigger callback This function gets
. Stop the Time Base. . TIM Error callback lled wh th
. i called wnhenever the
Start the Time Base and erlable l.nterrupt. This section contains the following APIs: / )
+  Stop the Time Base and disable interrupt. HAL_TIM_PeriodElapsedCallback() timer resets

Start the Time Base and enable DMA transfer.
Stop the Time Base and disable DMA transfer.

HAL_TIM_PeriodElapsedHalfCpltCallback()
HAL_TIM_OC_DelayElapsedCallback()
HAL_TIM_IC_CaptureCallback()
HAL_TIM_IC_CaptureHalfCpltCallback()
HAL_TIM_PWM_PulseFinishedCallback()
HAL_TIM_PWM_PulseFinishedHalfCpltCallback()
HAL_TIM_TriggerCallback()

HAL_TIM_TriggerHalfCpltCallback()
HAL_TIM_Base_Stop()

HAL_TIM_ErrorCallback()
HAL_TIM_Base_Start_IT()

HAL_TIM_Base_Stop_IT() \
(O TR Snee_Storl_ DN Use this function to start timer

HAL_TIM_Base_Stop_DMA() . . .
if we are using interrupts

This section contains the following APIs:
. HAL_TIM_Base_Init()

. HAL_TIM_Base_Delnit()
HAL_TIM_Base_Msplnit()
HAL_TIM_Base_MspDelnit()
HAL_TIM_Base_Start()

https://www.st.com/resource/en/user_manual/dm00105879-
description-of-stm32f4-hal-and-Il-drivers-stmicroelectronics.pdf

Winter 2022 IE5995: loT & Edge Al Programming 48



Code 1o blink LED using Timer friggered Interrupt

[T R o T B = S W N

[N T RN o R ¥ R RN ¥ R W

/¥ Initialize all configured peripherals */
MX_GPIO_Init();

MX_USART2_UART Init();:

MX_TIM11 Init();

/¥ USER CODE BEGIN 2 */

J// Start timer in interrupt mode

HAL_TIM Base Start_IT(&htimll);

108 /* USER CODE END 2 */

102 /¥ Infinite loop */
183 /* USER CODE BEGIMN WHILE */
104  while (1)

105 {
106
107
108
109 }

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

118 /* USER CODE END 3 */

Implement the Callback function in main.c

Bd B B2
LN
k [te}

=]

h

[y ]

fad
o T T T T 1 T O i

(s Ry R = W

S, et

=]

Winter 2022

/* USER CODE BEGIN 4 */
#=void HAL_TIM PeriodElapsedCallback(TIM HandleTypeDef *htim){

// Check which version of the timer triggered this callback and toggle LED
if (htim == &htim11){

HAL_GPIO TogglePin(LD2_GPI0O Port, LD2_Pin);

* USER CODE END 4 */

Be careful with the function name here. If it’s
misspelled, no error will occur, but the LED will
not light
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Use UART Rx o recelve data

* There are several ways.

 Polling: call HAL_UART_Receive() in while(1) loop
« Other executions are blocked until the data is received or the timeout happens.

* Interrupt:. call HAL_UART_Receive_IT() before Whil@Sl) loop, and implement
user callback function HAL_UART_RxCpltCallback() to handle event (e.g.,

process the received data)

« USART2 global interrupt must be enabled in NVIC,
 Inside the callback function, need to make a call to HAL_UART_Receive_IT() to restart,
l.e., continue receiving data in interrupt mode
« At beginning of the callback function body, use this to respond to the right UART:
« if(huart->Instance == USART2){ /* Do everything in this block */ } else {/* Do nothing */}

« DMA: call HAL_UART_Receive_DMA() betore while(1) loop, and implement
callback functions

« HAL_UART_RxCpltCallback() DV

« HAL_UART_RxHalfCpltCallback() // perform some tasks when half the Rx buffer is filled




Enable USART2 global interrupt

Q| v L NVIC Mode and Configuration 4
el Caonfiguration
System Core i
" Priority Group |O bits for pre-e_. ‘ [] Sort by Premption Priority and Sub Priority  [] Sort by interrupts names
DMA : :
GPIO Search © ) Show |ava|lable interrupts vl Force DMA channels Interrupts
IWDG
w RCC MNon maskable interrupt 0 0
SYS Hard fault interrupt 0 0
Wwbe Memaory management fault 0 0
Pre-fetch fault, memory access fault 0 0
Undefined instruction or illegal state 0 0
Analog - System service call via SWI! instruction 0 0
- Debug monitor 0 0
ADCAH Pendable request for system service 0 0
ADC2 Time base: System tick timer 0 0
ADC3 PVD interrupt through EXTl line 16 0 o 0
DAC Flash global interrupt 1 o0 0
RCC global interrupt 1 o0 0
TIM1 trigger and commutation interrupts and TIM11 global interrupt 0 0
Timers h USART? global interrupt 0 0
- EXTI line[15:10] interrupts 0 0
RTC FPU global interrupt 0 o 0
TIMA
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Useful UART functions

J* 10 operation functions skl s KKk R R RN RO R R R KRR KRR

722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757

HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef

HAL_StatusTypeDef

HAL_StatusTypeDef
HAL_StatusTypeDef

/* Transter Abort
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef
HAL StatusTypeDef

HAL_UART _Transmit(UART HandleTypeDef *huart, uint8 t *pData, uintlé t Size, uint32 t Timeout);
HAL_UART_Receive(UART HandleTypeDef *huart, uint8 t *pData, uvintlé t Size, uint32 t Timeout);
HAL_UART_Transmit_IT(UART HandleTypeDef *huart, uint8 t *pData, uintlt_t Size);
HAL_UART_Receive_IT(UART HandleTypeDef *huart, uint8 t *pData, uintlt t Size);
HAL_UART_Transmit_DMA(UART HandleTypeDef *huart, uint8 t *pData, uintl6_t Size);
HAL_UART_Receive_DMA(UART HandleTypeDef *huart, uint8 t *pData, uintlt_t Size);
HAL_UART_DMAPause(UART HandleTypeDef *huart);

HAL_UART_DMAResume (UART HandleTypeDef *huart);

HAL_UART_DMAStop(UART HandleTypeDef *huart);

HAL_UARTEx_ReceiveToIdle(UART_HandleTypeDef *huart, uint8_t *pData, uintl6_t Size, uintl6_t *RxlLen,
uint32_t Timeout);

HAL_UARTEx_ReceiveToIdle_IT(UART_HandleTypeDef *huart, uint8_t *pData, uintlé_t Size);

HAL_UARTEx_ReceiveToIdle_DMA(UART_HandleTypeDef *huart, uint8_ t *pData, uintlé_t Size);

functions */

HAL_UART_Abort(UART HandleTypeDef *huart);
HAL_UART_AbortTransmit(UART HandleTypeDef *huart);
HAL_UART_AbortReceive (UART HandleTypeDef *huart);
HAL_UART_Abort_IT(UART HandleTypeDef *huart);
HAL_UART_AbortTransmit_IT(UART HandleTypeDef *huart);
HAL_UART_AbortReceive_IT(UART HandleTypeDef *huart);

void HAL_UART_IRQHandler(UART HandleTypeDef *huart);

void HAL_UART_TxCpltCallback(UART HandleTypeDef *huart);

void HAL_UART_TxHalfCpltCallback(UART HandleTypeDef *huart);

void HAL_UART_RxCpltCallback(UART HandleTypeDef *huart);

void HAL_UART_RxHalfCpltCallback(UART HandleTypeDef *huart);

void HAL_UART_ErrorCallback(UART HandleTypeDef *huart);

void HAL_UART_AbortCpltCallback(UART HandleTypeDef *huart);

void HAL_UART_AbortTransmitCpltCallback(UART HandleTypeDef *huart);
void HAL_UART_AbortReceiveCpltCallback(UART HandleTypeDef *huart);

void HAL_UARTEx_RxEventCallback(UART HandleTypeDef *huart, uvintle t Size);
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Use DMA to transfer data to UART Tx (Polling)

DMA Mode and Configuration

l .
Configuration 1 Before The Whlle(] ) |Oop, Gdd
* HAL_UART_MspInit(&huart2);

® DMVA2 | @ MemTolMem

DMA Request

USART2 TX DMA1 Stream 6 Memory To Peripheral  Low ° |n 'I'he Wh”e(]) |Oop
huart2.Instance->CR3 |= USART_CR3_DMAT;
HAL_DMA_Start(&hdma_usart2_tx, (uint32_t)msg,

)

(uint32_t)&huart2.Instance->DR,
(uint32_t)strlen(msg));

HAL_DMA_PollForTransfer(&hdma_usart2_tx,
HAL_DMA_FULL_TRANSFER, HAL_MAX_DELAY);

Non maskable interrupt

Hard fault interrupt

Memory management fault

Pre-fetch fault, memary access fault
Undefined instruction or illegal state
System service call via SWI instruction
Debug monitor

Pendable request for system service
Time base: System tick timer

PVD interrupt through EXTI line 16
Flash global interrupt

RCC global interrupt

DMA1 stream6 global interrupt
TIMZ2 global interrupt

USARTZ2 global interrupt
EXTlline[15:10] interrupts

FPU global interrupt

[T

SR o

huart2.Instance->CR3 &= ~USART_CR3 DMAT;
HAL GPIO TogglePin(GPIOA, GPIO_PIN 5);
HAL Delay(1000);

oo’ e

Lo T e TN e T e T e Y e Y e e Y o Y e Y e R s Y e Y e A e
[ T o TN s TR e TN e T e Y e Y s Y e Y s Y e N s S e T e TR e}
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Use DMA to transfer data to UART Tx (Interrupt)

/* USER CODE BEGIN 2 */

HAL_UART MspInit(&huart2); . .
HAL_DMA RegisterCallback(&hdma_usart2 tx, HAL DMA XFER_CPLT CB_ID, & MATransferComplete); Reglster a user callback functlon, let us

name it DMATransferComplete
In the while(1) loop:

// USART Control register 3 bitwise or with DMA enable Transmitter

// Enable the DMA transmit bit which tells the usart peripheral that

// we plan to send out data via DMA

huart2.Instance->CR3 |= USART_CR3_DMAT;

// Tell the DMA instance hdma_usart2_tx to start the Interrupt mode

// to use the msg in memory as the source, the destination address is

// the transmit data register DR, the message length is strlen(msg)

HAL_DMA_Start_ IT(&hdma_usart2 _tx, (uint32_t)msg, (uint32_t)&huart2.Instance->DR, (uint32_t)strlen(msg));

HAL Delay(1000);

void DMATransferComplete(DMA HandleTypeDef *hdma){
// Disable UART DMA mode, so UART can be used for other purposes Definition of the callback function

huart2.Instance->CR3 &= ~USART _CR3 DMAT;
/f Togegle LED
HAL GPIO TogglePin(GPIOA, GPIO PIN 5);

Compared to the Polling method, the interrupt method does not block the process,
especially when the message (msg) size is large.
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ADC1 Mode and Configuration

Categories Mode
System Core v INO
. [T IN1
DMA
GPIO
WDG
NVIC [ IN4
¥ RCC
SYS
WWDG [ INB
L] N7
Configuration
Analog hd
A
ADC2
ADC3
DAC Q) | ©@ ©
O ~ ADCs_Common_Settings
Mode Independent mode
Timers » ~ ADC_Settings
Clock Prescaler PCLK2 divided by 4
Connectivity > Resolution 12 bits (15 ADC Clock cycles)
Data Alignment Right alignment
Multimedia b Scan Conversion Mode
Continuous Conversion Mode Disabled
Computing ’ Discontinuous Conversion Mode Disabled
DMA Continuous Requests Disabled
Middleware ? End Of Conversion Selection EQC flag at the end of single channel conversi.

~ ADC_Regular_ConversionMode
Number Of Conversion 1

Scan Conversion Mode
Scan Conversion Mode
Parameter Description:

— v - v “ -~ —

i ADC (Polling)

106 /* Infinite loop */

167 /* USER CODE BEGIN WHILE */

108 while (1)

109 {

110 /f set LED pin high

111 HAL_GPIO WritePin(GPIOA, GPIO_PIN_5, GPIO PIN_SET);
112 // Get ADC wvalue

113 HAL_ADC_Start(&hadcl);

114 HAL_ADC_PollForConversion(&hadcl, HAL MAX_DELAY);
115 adc_val = HAL_ADC_GetValue(&hadcl);

116 /f set LED pin low

117 HAL_GPIO WritePin(GPIOA, GPIO_PIN_5, GPIO PIN_SET);
118 // Transmit value via uart2

119 buflen = sprintf(buf, "¥%hu\r\n", adc_val);

120 HAL_UART Transmit(&huart2, (uint8_t*)buf, buflen, HAL_ MAX_DELAY);
121 f/ Add a 1 ms delay

122 HAL Delay(1);

123 /* USER CODE END WHILE */

124

125 /* USER CODE BEGIN 3 */

126}

127 /* USER CODE END 3 */

128 }

129

’rogramming
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ADC (DMA)

System Core ™

a

DMA
GPIO
WDG
NVIC
¥ RCC
SYS
WWDG

Timers ?
Connectivity >
Muttimedia ?
Computing ?

Middleware ?

Winter 2022

ADC1 Mode and Configuration
Mode

IND
N1
N N2

M IN3
[N
W N5

O N6
[1IN7

Configuration

Reset Configuration

~ ADCs_Common_Settings
Mode Independent mode
~ ADC_Settings
Clock Prescaler

PCLK2 divided by 4

Resolution 12 bits (15 ADC Clock cycles)
Data Alignment Right alignment
Scan Conversion Mode Disabled

Continuous Conversion Mode Enabled
Discontinuous Conversion Mode Disabled
DMA Confinuous Requests
End Of Conversion Selection
~ ADC_Regular_ConversionMode
Number Of Conversion 1

EOC flag at the end of single channel con_.

DMA Continuous Requests
DMA Continuous Requests
Parameter Description:

* Analog samples continuously enter memory

(buf) without CPU intervention

Each time half and full buf is filled, a

respective event is triggered. Write callback
to handle them, e.g., process / copy the data

/* USER CODE BEGIN 2 */

HAL_ADC_Start DMA(&hadcl, (uint32_t*)buf, 4896);
/* USER CODE END 2 */

/* Private user code ---------

/* USER CODE BEGIN @ */ *
uintle_t buf[4896];

/* USER CODE END @ */

Empty while (1) loop will work

void HAL_ADC_ConvHalfCpltCallback(ADC HandleTypeDef* hadc){
HAL_GPIO WritePin(GPIOA, GPIO PIN_5, GPIO PIN SET);

}

void HAL_ADC_ConvCpltCallback(ADC HandleTypeDef* hadc){ . .
HAL_GPIO WritePin(GPIOA, GPIO_PIN_5, GPIO PIN RESET); . Samplmg frequency IS

}

determined by clock and
prescaler
e Useful for audio sampling

/* USER CODE END 4 */

DMA Mode and Configuration

Configuration

® DMVAT |[RERDIVAZS & MMer m

q
)

System Core

- DMARequest | ___ Stream | ___Direction [ ___Priority ___]

a0
GPIO
IWDG
NVIC

DMAZ Stream 0 Peripheral To Mem... Low

-DMA Request Settings
Peripheral Memory

UseFifo [ Threshold I:I Data Width

Burst Size ‘ | ‘ |

Increment Address O

HafWord | | [Halfword |
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Pulse width modulation (PWM)

« A digital signal generated by the MCU for a variety of purposes, €.g.,
« Set the position of a standard servo motor
Control the rotational speed of a continuous rotation motor
Conftrol the luminescence of a light emitter
Control the rotational speed of a standard electric motor with external driver circuitry
Control a photovoltaic solar battery charger’'s charging rate
Generate a waveform such as sine, triangle and square
Generate acoustic sound waveform



PWM configuration

* Frequency

50% duty cycle .
» 50 Hz (or equivalently 20 ms

or ) period) is common for servo
of control
75% duty cycle . DUTy CYCle
on « The percentage of the amount of
off time the signal is in the high state

during a period

« PWM signals are generated by
off a Timer

25% duty cycle

on



Generate PWM 1o toggle the LED

TIM2 Mode and Configuration

'« Configure TIM2 for PWM

B ] + TIM2 Channel 1 (CH1), assign fo PA5 [ -
— § + Clock Source: Infernal Clock (84 MHz) ===
-—— g - Channel 1: PWM Generation CH1 ==
e g * Prescaler: 10000 DU

« SO, counter frequency = 84 MHz/10000 = 8400 Hz
Counter Period: 16800
e e « So, timer resets every 16800/8400 Hz = 2 sec

[Configue the below parameters -] . : :
e | © O o The PWM signal frequency is therefore 2 sec

Reset Configuration

~ Counter Settings

Prescaler (PSC - 16 bits value) 10000 -1 * P U |Se ¢ 8400
gzt:zz:gg:jd (AutoReload Register - 32 . l1JEFi)800 -1 * DUTy CYC'G = PUlse / PerIOd = 8400 / ] 6800 = 50%
wtordontpont e * HAL_TIM_PWM_Start(&htim2, TIM_CHANNEL_1); in
 Tnigger Oiput (TRGO) Parameters | main.c before while(1) loop
Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)
Trigger Event Selection Reset (UG bit from TIMx_EGR)
¥ PHM Geeraton Chae . » Result: the green led (PAS) tfoggles at 1Hz
Pulse (32 bits value) 8400 -1 &
Qutput compare preload Enable
Fast Mode Disable
CH Polarity High
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Use PWM to dim the LED

TIM2 Mode and Configuration

|
S Hode iz = « Based on the previous example, modify
———— 5 * Prescaler: 168
Chame”:Pweﬂemmncm v: « So, the counter frequency is 50 Hz

Channel3 | Disable v * Pulse: 21
- - - So, the duty cycle is 12.5%

° R esSu | '|'
Reset Configuration

* The green led is on but looks dim
Cotigue e belowparameters: | » Exercise

Qsearcncni+p) | ®  ©® 0

 Gounter Setings 1. Try some other Prescaler and Pulse values

Prescaler (PSC - 16 bits value) 10000 -1

Counter Mode Up 2 1 2 C -I- O d

Counter Period (AutoReload Register - 32 . 168 - 1 * ASS|gn TlM — H ] O PA ’ On Use On

Internal Clock Division (CKD) No Division | | p -|- 1 | -|-h 1 g |

o o preons - OSCIIOSCOpPe 1O visudllize The signa
~ Trigger Output (TRGO) Parameters

Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

Trigger Event Selection Reset (UG bit from TIMx_EGR)
~ PWM Generation Channel 1

Mode PWM mode 1

Pulse (32 bits value)

Output compare preload Enable

Fast Mode Disable

CH Polarity High
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Use PWM to control a servo motor

« Atypical servo motor expects to be updated every 20 ms with a pulse between 1
ms and 2 ms, or in other words, between a 5 and 10% duty cycle on a 50 Hz
waveform. With a 1.5 ms pulse, the servo motor will be at the natural 90 degree
position. With a 1 ms pulse, the servo will be at the 0 degree position, and with a
2 ms pulse, the servo will be at 180 degrees.

https://learn.sparkfun.com/tutorials/pulse-width-modulation/all
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Update the duty cycle Iin the program

TIM2 Mode and Configuration

Mode
Slave Mode |Disab\e ~ |
Trigger Source ‘D\sable e |
Clock Source |Intema| Clock V|
Channel1 |PWM Generation CH1 v|
Channe\2|Di5ab\e v |
Channe\3|D|sab\e ~ |
Channel4|Disable |

‘ombined Channels |:' sable |

Configuration

Reset Configuration

& N 5 @ DMA Settings

arameter Settings Us
Configure the below parameters :

Qfemicin | © © @

~ Counter Seftings

Prescaler (PSC - 16 bits value) 10000 -1
Counter Mode Up
Counter Period (AutoReload Register - 32 . 168 - 1
Internal Clock Division (CKD) Mo Division
auto-reload preload Disable
~ Trigger Output (TRGO) Parameters
Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)
Trigger Event Selection Reset (UG bit from TIMx_EGR)
~ PWM Generation Channel 1
Mode PWM mode 1
Pulse (32 bits value)
Qutput compare preload Enable
Fast Mode Disable
CH Polarity High
Winter 2022

« TIM2->CCRI1

. » The Pulse value is stored in the register

« Timer 2 Channel 1's Capture Compare Register
 This register value can be updated in user code

71=int main(void)

72 {

73 /* USER CODE BEGIN 1 */
74 int pulse = 28 - 1;

75 uint8_t dir = 1;

76 /* USER CODE END 1 */

182 /* USER CODE END 2 */

104 J* Infinite loop */

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

167 {

188 if(pulse==80) dir = 8;
189 if(pulse==1) dir = 1;
110 if(dir == 1){

111 pulse++;

112 } else {

113 pulse--;

114 ¥

115 TIM2->CCR1 = pulse;
116 HAL Delay(20);

IE5995: loT & Edge Al Programming

Experiment: Vary the CCR1 value
in the while(1) loop

Result: the green led will gradually
light up and dim down.

101  HAL_TIM_PWM Start(&htim2, TIM CHANNEL_1);

Exercise: This execution is blocking.
Change it to non-blocking mode by
using a different timer (e.g., TIM11) to
trigger the adjustment of TIM2->CCR1,
every 20 ms.
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v,
2>
®

Digital Signal

Digital To Analog Converter

b

DAC |

Analog Signal

Figure 3. DAC interaction without DMA

Figure 4. DAC interaction with DMA

https://www.st.com/resource/en/application_note/cd00259245-audio-and-
waveform-generation-using-the-dac-in-stm32-products-stmicroelectronics.pdf

CPU

oty

RAM

(Pattern Table 1)
(Patten Table 2)

I
DAC Triggers | | Chan
- Outy

by DAC
nel 1 Channel 2
put Output

v

RAM
(Pattern Table 1) DMA
(Pattern Tarl\:le 2)

>
DAC Triggers

L =

Channel 1 Channel 2
Output QOutput

v

]\

\

ai18302

Winter 2022
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\

ai18303
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DAC with DMA

TIM2 Mode and Configuration |

Mode '
Slave Mode |Dwsable w |
Trigger Source |Disable h |
Clock Source |Intemal Clock e |
Channel1 |D\sable ~ |
Channel2 |D\sable ~ |
Channel3 |D\sable ~ |
Channel4 |D\sable e |
Combined Channels |D|sable ~ |

Reset Configuration

@ Parameter Settings @ User Constants @ NVIC Settings @ DMA Settings

|Conﬂgure the below parameters :
Ao ] ® ©
~ Counter Settings
Prescaler (PSC - 16 bits value) 1000 -1
Counter Mode Up
Counter Period (AutoReload Register. 1680 - 1
Internal Clock Division (CKD) Mo Division
auto-reload preload Disable
~ Trigger Output (TRGO) Parameters
Master/Slave Mode (MSM bit)
Trigger Event Selection

Disable (Trigger input effect not delayed)

Winter 2022

a

DAC Mode and Configuration

OUT1 Configuration

M OUT2 Configuration

] External Trigger

Reset Configuration

@ DA Settings

meter Settings User Constants
Configure the below parameters :
Qfsearcncnen ] ® O

~ DAC Out1 Settings

Output Buffer Enable
Trigger None W
None

Timer 2 Trigger Out event %
Timer 4 Trigger Out even

Timer 5 Trigger Out even
Timer 6 Trigger Out event
Timer 7 Trigger Out event

Timer & Trigger Out event
Software trigger

IE5995: loT & Edge Al Programming

Output a sine wave through DAC
Channel 1, assigned to Pin PA4
The DAC is triggered by Timer 2
TIM2 Trigger Event Selection is
set to Update Event

TIM2’s clock source is 84 MHz
Prescaler: 1000

Period: 1680

So, 84 MHz/1000/1680 = 50 Hz
This means there are 50 DAC
conversions per second

The sine wave is represented by
NSAMP = 100 samples, meaning
100 DAC conversions per sine
cycle

So, the sine wave frequency is
50/100 = 0.5 Hz

The analog signal output is used
for driving a LED

See video clip
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. The sampling step is 21T / ng (number of samples).

D A‘ WI 'l- h D M A The value of sin(x) varies between -1 and 1, we have to shift it up to have a positive sine
wave with samples varying between 0 and OxFFF (corresponding to the 0 to 3.3 V voltage
range, where Vg is set to 3.3 V).

. 27 OxFFF + 1)
YsineDigital(X) = (3'”("“,;;) + 1)(£“_‘2‘_““‘)
/* Private define --------
/* USER CODE BEGIN PD */
:gef_‘"e E?A;"Plﬁggzﬁ The analog output voltages on each DAC channel pin are determined by the equation
arlhne .

/* USER CODE END PD */

Digital inputs are converted to output voltages on a linear conversion between 0 and Vggg,-

) DOR
DAGoutput = VREFBAC MaxDigitalValue +1

ﬁi:ﬁﬁ;tifé’_‘e;f;‘;g& 25‘”‘:‘2) . For right-aligned 12-bit resolution: DAC_MaxDigitalValue = OXFFF

sine data[i] = (@xFFF+1)/2%(sin(i*2*PI/NSAMP)+1); For right-aligned 8-bit resolution: DAC_MaxDigitalValue = OxFF
¥ . : , .

So the analog sine waveform ysjneanalog €an be determined by the following equation

/* Initialize all configured peripherals */ YsineAnalog(X) = 3.3V0|tySineDigital(x)
MX_GPIO_Init(); OxFFF +1
MX_USART2 UART Init();
MX_TIMZ2 Init();
MX_DMA Init();
MX_DAC_Init(); . .
/% USER CODE BEGIN 2 */ The frequency of the produced sine wave is

To set the frequency of the sine wave signal, the user has to set the frequency (frimerTrRGO)
of the timer trigger output.

HAL _TIM Base Start(&htim2);

HAL_DAC_Start DMA(&hdac, DAC_CHANNEL 1, (uint32 t *)sine_data, NSAMP, DAC_ALIGN_12B R)

f _ fTimerTRGO
Sinewave —'n
s

The while(1) loop is empty

* Video clip
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Final notes

* In all experiments, we used the default Clock Configuration (HCLK = 84 MHz)

» For control projects, the lowest frequency that is high enough to meet the application’s response
requirement should be used. Lower CPU speed means lower power consumption.

« For digital processing, the clock frequency may be configured so that some timer (e.g., the trigger timer for
DAC) can produce the desired signal frequency (e.g., 44.1 kHz for audio).
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