| Automation Programming

Lab 1

A/D and D/A Converter




Analog and Digital

» CD digital audio encoding:
2-channel signhed 16-bit
Linear PCM sampled at
44,100 Hz.




Waveform Sampling and Quantization

M AN\
U

T
time

Digital value

A waveform is sampled at a constant rate — every A,
= Each such sample represents the instantaneous amplitude at
the instant of sampling
= “At 37 ms, the input is 1.91341914513451451234311... V"

= Sampling converts a continuous time signal to a discrete time
signal
The sample can now be quantized (converted) into a digital value
= Quantization represents a continuous (analog) value with the
closest discrete (digital) value
= “The sampled input voltage of 1.91341914513451451234311...

V is best represented by the code 0x018, since it is in the range
of 1.901 to 1.9980 V which corresponds to code 0x018.”



Lab Setup

Base Board

STM32F429
Discovery

Voltage
conversion
circuit

\oltage
conversion
circui
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Function generator




STM32F429 Discovery Board

-15V. GND  +15V  Mini USB: To PC
@) ‘ e

L
e

L ==

NEANS

L%

{46-DRbY

-«l\!'l'-:baas
b

iagizie, et

ST

lfK r:E ' ‘
il '“"’R 2 | 1§ TR -"V ‘
I

IR = g | Ra|| éDC3
i . | AHIBE-G or
= 20K K
il @=34|Fhi -
v l 20K g =
s 1(|-0R

A HH -5
C¥nnt I 18K
5

Epnt e

v

0 id adoid onmrid oot ot radioid il

éaaaaaaa‘jjgiii
qiiriiaiiie

iy 3K R
~{IIHI-9
RS




Start STM32CubelDE

STMicroelectronics

Release notes

ST-LINK User Manual

ST-LINK V2 User Manual

Il

e

=] ST-UNK cLI
)

y &

STM32 ST-LINK Utility

STM32 ST-LINK Utility User Manual

STM32CubelDE 1.4.0

[} sSTM32CubelDE Launcher

Select a directory as workspace

STM32CubelDE uses the workspace directory to store its preferences and development artifacts.

Browse...

Workspace: g C:WUsersWlimdjWSTM32CubelDEWworkspace_1.4.( ~

[ Use this as the default and do not ask again
» Recent Workspaces




Start New STM32 Project

[ workspace_1.4.0 - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

= @ Information Center

i

@ sTM32cubelDE Home

Welcome to STM32CubelDE

Start a project

o "o

Start new Start new project

STM32 from an existing
project S5TM32CubeMX
configuration file
(-ioc)

i)

Import

SW4STM32

or

TrueSTUDIO
project

&

Import

S$TM32Cube
example

[Z] workspace_1.4.0 - STM32CubelDE

File Edit Source Refactor Navigate Search Project
New Alt+Shift+N >
Open File...

£ Open Projects from File System...

Recent Files >
Close Ctrl+W
Close All Ctrl+Shift+W
Save Ctrl+S
Save As..

Save All Ctrl +Shift+S
Revert

Move...

Run Window Help

Makefile Project with Existing Code

C/C++ Project

STM32 Project

STM32 Project from an Existing STM32CubeMX Configuration File (.ioc)
Project...

Source Folder
Folder

Source File
Header File

File from Template
Class

Other...
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Board Selector

= Select STM32F-4291-DISC1

= Click Next

S O
Target Selection
Select STM32 target or STM32Cube example
Board Selector
Board Filters
»
@ E}H O Features Large Picture Docs & Resources E‘l Datasheet [ Buy
o ¥y [ STMI2F Serles
Part Mumber .
I
Vendor >
Boards List: 7 items 1 Export
Type v 1 Expor
|| oveview x| CommercalPartbo | Type x| Marketing Status x| _uUnitPrice (UsS) > _Mounted Device ]
Check/neheck Al | 7 STM32F407G-DISC1 Discovery Kit Active 19.89 STHa2F
Discovery Kit
[ Evaluation Board
. h*¢ STM32FA1E-DISCO Discovery Kit Active 15.0
]
[ Nucleo-144
]
ir STM32F412G-DISCO Discovery Kit Active 35.0
[ Nucleo-54
O
MCU/MPU Series “ h* 4 “ STM32F413H-DISCO Discovery Kit Active 70.0 STM32F4137HTx
Check/Unch
[ sTm32F0
w STM32F4291-DISC1 Discovery Kit Active 299
[ sTM32F1
]
[0 sTM32F3
w STM32F4691-DISCO Discovery Kit Active 59.0
STM32F4
[ sTm32F7




Setup Project

* Project Name:ADDA

[ sTm32 Project

Setup STM32 project

Project

Project Mame: |ADDA|

Use default location
Location: C:/Users/limdj/STM32CubelDE/workspace_1.4.0
Options

Targeted Language

@ C O C++

Targeted Binary Type

@ Executable (O Static Library

Targeted Project Type
(@ STM32Cube O Empty

Browse...

m Board Project Options:

|' g'_' b Initialize all peripherals with their default Mode ?

Mo

Cancel




[B workspace_1.4.0 - Device Configuration Tool - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run Window Help

M-l E - AR NG~ -~ -0 - A @I RE T~ 0Er 2O
&5 Project Explorer i = O [@ADDAjoc ®
Finout & Configuration
v |3 ADDA
> @l Includes
» 2 Core Q ] Mode and Configuration : £ Pinout view
6 Drivers BT
» 2 Middlewares vctom C N
> 3 USB_HOST ystem -ore
[T ADDAjoc Analog N
STM32F4297ITX_FLASH.Id
STM32F429Z1TX_RAM.Id Timers ¥
Connectivity >
Multimedia > —
Security >
Computing >

Vidowars ]

L ] STM32F429ZI1Tx
UBJPEG = LQFP144
MBEDTLS
PDM2ZPCM
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Clock Configuration

* HCLK (MHZ): 168

[ =ADDAoc 2

Clock Configuration

ilve Clock Issues

To RTC (KHz)

| 188  |Ethernet FTP clock MHz)

HCLK to AHB bus, core,
memary and DMA (MH71

» To IWDG (KHz)

System Clock Mux

To Cortex System timer (MHz)

Hsl |
gle 168 FCLK Cortex clock (MHz)
. SYSCLK (MHz) AHB Prescalefl HCLK (MHz) AFB1 Prescaler
g =0 ~ [ 168 | APBA peripheral clocks (MHz)
PL"_C.".'f ® APB1 Timer clocks (MHz)

~ X168 ~ 12 Enable CSS

N iF

17T~
Main PLL e

PLLIZS E

- SAl-A clocks (MHz)
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Disable FREERTOS

[ *aDDAGoC

Pinout & Configuration C Confi

gur

v Software Packs
FREERTOS Mode and Configuration

System Care 5 Interface |Disable — |
Analog >
Timers >
Connectivity >
Multimedia >
Security b
Computing >

Viddowars v

FATFS

FREERTOS

LIBJPEG

MBEDTLS
FDM2ZPCM
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Generate Code

|m workspace_1.4.0 - Device Configuration Tool - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

v LG ®~Q&v@iNidigy 6  OpenProject @il
- Close Project
' Project Explorer &2 0O  [HADDA
& o wme Build All Ctrl+B ) —
SR . . . “lock Configuration
« [T ADDA Build Configurations >
> ¥ Binaries Build Project v Software Packs
» & Includes Q Build Working Set > [T1 Mode and Configuration
« & Core Clean..
> & Inc ~  Build Automatically I
i Timers pnous

v & Src Build Targets 4 Disable
> lg main.c Connet C/C++ Index |Device Configuration Tool Code Generation
> lg stm32f4xx_hal_msp.c

[l Generate Report

> 8 stm32faxx_hal_timebase @ cal & itk
> [ stm32faxx_it.c @ CAl
> [ syscallsc © ETH Properties
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[ workspace_1.4.0 - ADDA/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor MNavigate Search Project Run Window Help

Myl ®~Rv@idigravdv@ridbvO-Q-vidIvi|JRE

&5 Project Explorer = % ¥ = 0 [@ADDAiocc [ mainc 2
+ [ ADDA 1 |/* USER CODE BEGIN Header */
> # Binaries 28 [**
3 EE S F 3333333333333 3333 LIS I TSI LS
> @l Includes . .
v 52 Core 4 * @file : main.c
5 * @brief : Main program body
» BI”C 6 R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R e R R R R R R R R R R R R
v = Src 7  * @attention
> lg main.c g =
> [8 stm32fdoc_hal_msp.c g * <h2s><center>&copy; Copyright (c) 2020 STMicroelectronics.
8 stm32fdxx hal timebase tim 10 * All rights reserved.</center></h2>
L B 11 #
> g stm32fdu_itc . . . . . .
s B I - 12 * This software component is licensed by ST under Ultimate Liberty license
syscallsc 13 * SLARB44, the "License"™; You may not use this file except in compliance with
> g sysmem.c 14  * the License. You may obtain a copy of the License at:
> [ system_stm32fdxx.c 15 * www . st . com/SLAGBAA
> [= Startup 16 *
5 @Dri‘v’ers 17 E3 3333333333 33333333353 5323033333323 3333333333333 3333343333333 3333333325230 32
+ & Middlewares ig /**GSER CODE END Head */
e eader
> 2 USB_HOST
5 b_ 20 /* Includes ----------—----mmm e */
’ E €oug 21 #include "main.h"
=/ ADDA Debug.launch 22 #include "usb_host.h"
[ ADDA.ioc 23
STM32F429ZITX_FLASH.Id 249 f* Private includes ----------------ooooo o */
STM32F429ZITX_RAM.Id 25 /* USER CODE BEGIN Includes */

26 #include "stdio.h"
27 /* USER CODE END Includes */

14




printf

/* USER CODE BEGIN Includes */
#tinclude "stdio.h"
/* USER CODE END Includes */

/* USER CODE BEGIN © */
#ifdef _ GNUC__
#define PUTCHAR_PROTOTYPE int _ _io_putchar(int ch)
#else
#define PUTCHAR_PROTOTYPE int fputc(int ch, FILE *f)
#endif /* __GNUC__ */

PUTCHAR_PROTOTYPE

{

HAL_UART_Transmit(&huartl, (uint8_t *)&ch, 1, OxFFFF);
return ch;

}
/* USER CODE END @ */

/* USER CODE BEGIN 2 */

printf("Hello World\r\n");
/* USER CODE END 2 */

15




Build Project

Open Project
Close Project

Build All Ctrl+B
Build Configurations >
Build Project

Build Working Set >
Clean...

Build Automatically
Build Targets >

C/C++ Index >
Generate Report
Generate Code

Properties

m workspace_1.4.0 - ADDA/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help
Nvd G R r@inididy e
& Project Explorer 2 B % ¥ = O [@Al
v [ ADDA 11 ™
> ¥ Binaries 1¢
> @ Includes L
v (@& Core 1¢
> & Inc
2¢
v & Src 21 -
> lg main.c 2
> [ stm32faxx_hal_msp.c 23
> g stm32fdxx_hal_timebase_tim 2 o
> [@ stm32f4ncite ; &
> [gl syscalls.c >
> g sysmem.c 6.

[2! Problems = Tasks B Console & [E Properties
CDT Build Console [ADDA]

text data bss dec hex filename
41672 152 3944 45768 b2c8 ADDA.elf
Finished building: default.size.stdout
Finished building: ADDA.bin

Finished building: ADDA.list

18:21:21 Build Finished. @ errors, @ warnings. (took 22s.398ms)
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Start Debug

|E workspace_1.4.0 - ADDA/Core/Src/main.c - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run Window Help
DvHul®-Av@Binidigvye~ @y Run
& Project Explorer 2 &1 % ¥ = O [ ADDAioc
S Run History >
v EAPDA Y> O RunAs >
> ¥, Binaries R .
_ /* un Configurations...
> Y Includes
« @& Core Debug History >
/* % Deb >
> & Inc Debug As
v @ Src /% Debug Configurations...
> g main.c MX_ Breakpoint Types 4
> @ strn32f4)0(_hal_rfmsp.c . x‘ ® Toggle Breakpoint Ctrl+Shift+B
> g stm32f4xx_'hal_t|mebase_t|m g © Toggle Line Breakpoint
> 8 stm32f4nc it mx | = Toggle Watchpoint
> 8 syscallsc MX_ © Toggle Method Breakpoint
> g sysmem.c MX_ = Skip All Breakpoints Ctrl+Alt+B
> lel system_stm32fdxx.c MX_ % Remove All Breakpoints
;?IStartup x‘ Q External Tools >

17




[ edit Configuration (| X

Edit launch configuration properties

Mame: HADDA Debug

Main] %5 Debugger| &+ Startup| %~ Source | 3 Common

C/C++ Application:

|DebquADDA.elf | ‘Search Prc:oject...| | Browse... ‘
Project:
[ADDA || Browse.. |

Build (if required) before launching

Build Configuration: |Select Automatically V|
(O Enable auto build (O Disable auto build
® Use workspace settings Configure Workspace Settings...
Revert Apply
@ QK | ‘ Cancel
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E Confirm Perspective Switch

[Q This kind of launch is configured to open the Debug perspective when it

suspends.

This Debug perspective is designed to support application debugging. It
incorporates views for displaying the debug stack, variables and breakpoint

management.

Do you want to switch to this perspective now?

Remember my decision

Switch

Mo
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Debugging Screen

E workspace_1.4.0 - ADDA/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run Window Help
Hn R SENEINCERR SR NI AT N RN ST R R D R R gl R S IR K R A KR T e gl i
% Debug 8 [ Project Explorer %l ¥ = 5 [DaDDAicc | [E@mainc 2 [§ startup_stm32f429zitxs
~ [ ADDA Debug [STM32 Cortex-M C/C++ Application] 98 */
~ & ADDA.elf [cores: (] 99=int main(void)
v o Thread #1 [main] 1 [core: 0] (Suspended : Breakpoint)
= main() at main.c;108 0x8000514

W8 arm-none-eabi-gdb (8.1.0.20180315)
s ST-LINK (ST-LINK GDB server)

/* USER CODE BEGIN 1 */
/* USER CODE END 1 */
/* MCU Configuration--------------------------~-~~~— oo */

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

/* 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_CRC_Init();

MX_DMA2D_Init();

MX_FMC_Init();

MX_I2C3 Init();

MX_LTDC_Init();

MX_SPI5_Init();

B Console R (£l Problems @ Executables & Debu Conscle @ Memory

ADDA Debug [STM32 Cortex-M C/C++ Application] ST-LINK (ST-LINK GDB server)

Download verified successfully
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Open Terminal Program: SmarTTY

Double-click on a connection to begin: Filter: Fcomm

I STMicroelectronics STLink Virtual COM Port (COM39)
& USB S/N: 066DFF5752517178671530322

Baud rate: 115200

ﬂ Mew SSH connection... EJ New Telnet connection... ¥ Quick SSH connection...

21




Resume

= Green Arrow: Resume
» Red Square:_Stop Debugging

workspace_1.4.0 DDA/ Core/Src/main.c - STM32CubelDE

File Edit Source RefactdR _Mavigate Search Project Run Window Help

M- | 019 wS‘- v g | = U T TR | i+ L2 72;3:‘ d i.:

B SrmarTTY - Raw Terminal X

Connected to COM39 (115200 bps) % XA & #2 1 - Baud rate:| 115200 -

Hello World

22




ADC1

[ «aDDAGoc 2 | [€ maing (8] startup_stm32f429zitx.s

Pinout & Configuration Clock Configuration
v Software Packs v Pinout
Q‘ v beH ADC1 Mode and Configuration :

System Cuse 5 SN
* IN13
e SoNw
ADC2
ADC3 L
DAC [] Temperature Sensor Channel
O Vrefint Channel
Timers > ] Vbat Channel
Connectivity >
Multimedia >
Security >
Computing >
~ ADCs_Common_Settings
Middleware R Mode Independent mode




DAC

[ =ADDAoc &2 | [€ main.c 8] startup_stm32f429zitx.s

Pinout & Configuration Clock Canfiguration
v Software Packs v Pinout
Q| w 403 DAC Mode and Configuration :

System Core > [ ouTi Conbguation ]

OUT2 Configuration

Analog e [] External Trigger

ADC2Z

ADC3
Timers >
Connectivity 5 Configuration
Multimedia >

. & GPIO Settings
Security > @ User Constants \/
Computing ’ Search Signals
Middleware ~ Search (Cnitr) .
- Signal on Pin |GPIO output...| GPIO mode
FATFS PAS DAC OUT2 n/a Analog mode Mo pull-up

24




Timer10

= 168,000,000/(840*200)=1000

[ ADDAOC &

Finout & Configuration Clock Configuration

v Software Packs ~ Pinout

TIM10 Mode and Configuration

Activated
System Core > cHvEte
Channel1 Disable v
Analog ? O One Pulse Mode
Timers hd

RTC
TIM2 Reset Configuration

TIM3 : - —
User Constants WWIC Settings
TIM4 @ Parameter Settings @ User Constants @ NV tting
TIME Configure the below parameters :
QlSearch (CiHF) | @  © (]
T e
TIMS Prescaler (PSC - 16 bits value) 839

~ TIM10 Counter Mode Up

Counter Period {AutoReload Register - 16 bits value ) 199

TIM11 o o
TIMA2 Internal Clock Division (CKD) Mo Division
TIMA3 auto-reload preload Disable
TIn14

25




Timer10 Interrupt

[ ADDAGOC 2

Pinout & Configuration Clock Caonfiguration

v Software Packs

Q v | Bk TIM10 Mode and Configuration :
“ Activated
RTC Channel1 [Disable v|
TIME [1 One Pulse Mode
TIM3
T4
TIM&
Configuration
TiMm7
TIMB Reset Configuration
TIMS -
TIM10 s | @ NVIC Settings
TIMA MVIC Interrupt Table Enahled F'reemptmn Priority Suh Priority
T2 TIM1 update interrupt and TIM10 global interrupt
TIMA3
TIM14

26




Sa\ve and Generate Code

v\rkspace_1.4.0 - ADDA/Core/Src/main.c - STM32CubelDE

it Source Refactor Mavigate Search Project Run Window Help

AR ®~Q~minvidig-ad~dvT~iH~0~G-

|m workspace_1.4.0 - Device Configuration Tool - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

iNvE @ ®~Q-minidigyas:  OpenProjec
Close Project

C/C++ Index |Device Configurati

i3 Project Explorer 2 = O [@EADDA
& o las Build All Ctrl+B : —
S : ' . “lack Configuration
Build Configurations >
v [ ADDA
» ¥ Binaries Build Project v Software Packs
» & Includes Q Build Working Set > [T1 Mode and Configuration
« & Core Clean.
> & Inc ~  Build Automatically 1
i Timers pnous
v & Src Build Targets > Disable
g mainc Conneg on Tool Code Generation

> lg stm32f4xx_hal_msp.c [l Generate Report

> € stm32faxx_hal_timebase @ cal & itk
> 19 stm32f4xx_it.c Q CAl
> € syscalls.c @ ETH Properties

27




A/D D/A Code

/* USER CODE BEGIN Includes */
#tinclude "stdio.h"
/* USER CODE END Includes */

/* USER CODE BEGIN © */
#ifdef _ GNUC__
#define PUTCHAR_PROTOTYPE int _ _io_putchar(int ch)
#else
#define PUTCHAR_PROTOTYPE int fputc(int ch, FILE *f)
#endif /* __GNUC__ */

PUTCHAR_PROTOTYPE

{

HAL_UART_Transmit(&huartl, (uint8_t *)&ch, 1, OxFFFF);
return ch;

}
/* USER CODE END @ */

/* USER CODE BEGIN 2 */
printf("Hello World\r\n");

HAL TIM Base Start IT(&htiml0);
HAL_DAC_Start(&hdac, DAC_CHANNEL_2);
/* USER CODE END 2 */

28




A/D D/A Code

/* USER CODE BEGIN Callback @ */
int da_value,ad value;
if (htim->Instance == TIM10) {
HAL_ADC_Start(&hadcl);
if (HAL_ADC PollForConversion(&hadcl, 10000) == HAL OK) {
ad_value = HAL_ADC GetValue(&hadcl);
}
da_value = ad_value;
HAL DAC_SetValue(&hdac, DAC_CHANNEL 2, DAC ALIGN 12B R, (uint32_t)(da_value));

}
/* USER CODE END Callback © */

29




A/D Sampling

= Build and Run

» Function Generator
» Sine wave
» 2V peak-to-peak
» 100 Hz

CHT T e e 25

TRIGGER

Type

o Source

Slope

Mode

Coupling
OC]
LH 00
e L]




Aliasing

* Change function generator frequency to:
» 1KHZz=1000Hz
» 1020Hz, 1030Hz, 1040Hz, 1050Hz
» 980Hz, 970,Hz,960Hz,950Hz

* Find the frequencies of the DA output signal (Trigger
source DA output signal)

Coupling
b
CHT & =40,0mY
S0.0048Hz




Aliasing

* Change function generator frequency to:
» 2KHz=2000Hz
» 2020Hz, 2030Hz, 2040Hz, 2050Hz
» 1980Hz, 1970,Hz,1960Hz,1950HZz

* Find the frequencies of the DA output signal (Trigger
source DA output signal)
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Nyquist Shannon Sampling

Theorem

= Anti-aliasing filter

& N(f)

S
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1; B f+B
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