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https://github.com/espressif/esp-idf/tree/v5.1

Why ESP-IDF?

What is ESP-IDF & why use it?
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SDK Considerations

EI E\'ﬁ

Language Features Configuration
Support & Debugging &
Maintenance Ease of Use Testing
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What i1s ESP-IDF?

Motifications Fork 6.6k Star 11k

Issues 1.4k Pull requests 122 Projects Security 1 Insights

v5.1 ~ P 17 121 Go to file Code ~ About

Espressif loT Development Framework.
@ jackOc Merge branch 'bugfix/mac_ext_order_for_c6_h2_v5.1' into ‘release/v5.1" ... L) 29,667 Official development framework for

Espressif SoCs.
.github

.gitlab
components
docs
examples
tools

.editorconfig

flake8

.gitignore Releases 98

.gitlab-ci.yml ESP-IDF Release v5.1

.gitmodules

.mypy.ini



https://github.com/espressif/esp-idf/tree/v5.1
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Why Use ESP-IDF?

) 4 )
Language Features Configuration
o« C/C++ * Lots of components  Component level
* Python tooling » |ntegrated networking configuration
stacks * Supports Kconfig
 Component manager
- / - J - /
4 ) 4 ) 4 )
Support & Maintenance Ease of Use Debugging & Testing
» Actively maintained  Command line support  GDB Support
* Quickest to get new * Optional IDE support * Lots of other
features/targets debugging features
* Unity & CMock

- / - / - /



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/jtag-debugging/using-debugger.html#command-line
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/unit-tests.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/kconfig.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/network/index.html
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-guides/tools/idf-component-manager.html#idf-component-manager
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/get-started/index.html#ide

O : ! Project Workflow
Basic workflow of an ESP-IDF Project



Select a Development Environment

J O % B

6/ Command Line & Editor

6 Eclipse Plugin & IDE 6 VSCode Extension



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/get-started/index.html#manual-installation
https://github.com/espressif/idf-eclipse-plugin/tree/master
https://marketplace.visualstudio.com/items?itemName=espressif.esp-idf-extension

4 )

Toolchain

GCC Compiler
Other GNU Tools

ESP-32 OpenOCD

\_ /
/ Python Virtual \
Environment

ESP Tool
ESP eFuse
ESP Core Dump

. y

4 System Packages )

Python 3
Git
CMake

o} [o
o) $ [o]

esp-idf/install.sh

-

Ninja

- .

ESP-IDF

IDF Components
Examples
Tools

~

DevCon23
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esp—-idf/export.sh

4 Project

Application Code
Project Components
Project Configuration

Managed Components

"

~

/

IDF Component Manag

er

{ IDF Component Reg

IStry }

ESP-IDF Installation



Command Line Install (Ubuntu

user(dpc:~$ sudo apt-get install git wget flex bison gperf
python3 python3-venv cmake ninja-build ccache libffi-dev
libssl-dev dfu-util libusb-1.0-0

user@pc:~$ mkdir -p ~/esp

user@pc:~$ cd ~/esp

user@pc: S git clone -b v5.1 —-recursive
https://github.com/espressif/esp-idf.git

user@pc: S cd ./esp-idf

user(@pc: S ./install.sh esp32

user@dpc: S . export.sh

user(@dpc: S 1df.py —help



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/get-started/linux-macos-setup.html

user@pc: S idf.py —-help
Usage: 1df.py [OPTIONS] COMMAND1 [ARGS]... [COMMANDZ [ARGS]...]...
ESP-IDF CLI builld management tool. For commands that are not known to i1df.py an

attempt to execute 1t as a build system target will be made. Selected target: None

Options:
——version Show IDF version and exit.
-v, —-verbose Verbose build output.

-p, ——port TEXT Serial port.

-—help Show this message and exit.

Commands:
all Allases: build. Build the project.
clean Delete build output files from the build directory.
create-project Create a new project.
flash FFlash the project.
fullclean Delete the entire builld directory contents.
menuconfig Run "menuconfig" project configuration tool.
monitor Display serial output.

set-target Set the chip target to build.




se |IDE Install (WiInd

& || Q| ®m||Q Run 't | Hello_World
' N Launch
{7 Project Exp. ~er X "I “~nnections MOde
— \:‘:,I,)
vELbovois W W
P:;;E'Binaries
> @:,Archives
¥ = build

Flash/
Launch

» = bootloader
» = bootloader-prefi»
» = CMakeFiles

Build

» = config

» = esp-idf

» = kconfig_bin

» = mconf-idf-prefix
» = partition_table
» |.c| project_elf_src.c

> #}hellonworld.elf - [xtensa/le]

g3 build.ninja

A cmake_install.cmake

= CMakeCache.txt
.compile_commands.json
config.env
flash_app_args
flash_bootloader_args
flash_partition_table_args
flash_project_args
.flasher args.json
mhello world.bin
hello-world.map
ldgen_libraries
ldgen_libraries.in
. project_description.json

g3 rules.ninja
» [=-main
A CMakelLists.txt
& Makefile
|w| README.md
= sdkconfig

I:E- Hello_World

Problems

Tasks [E] Console $%

on: esp32

Launch

Config

CDT Build Console [Hello_World]

[808/821]
[809/821]
[810/821]
[811/821]
[812/821]
[813/821]
[814/821]
[815/821]
[816/821]
[817/821]
[818/821]
[819/821]
[820/821]

: &&
: &&
: &&
: &&
: &&
: &&

&&

/Users/kondal/
/Users/kondal/
/Users/kondal/
/Users/kondal/
/Users/kondal/
/Users/kondal/
/Users/kondal/

Properties Progress

.espressif/tools/cmake/3.
.espressif/tools/cmake/3.
.espressif/tools/cmake/3.
.espressif/tools/cmake/3.
.espressif/tools/cmake/3.
.espressif/tools/cmake/3.
.espressif/tools/cmake/3.

Launch
Target

13
13

13
13.

13.
13.
13.

.4/CMake.
. 4/CMake.
4/CMake.
4/CMake.
4/CMake.
.4/CMake.
4/CMake.

B E N @SS E %08 &S S

app/Contents/bin/cmake
app/Contents/bin/cmake
app/Contents/bin/cmake
app/Contents/bin/cmake
app/Contents/bin/cmake
app/Contents/bin/cmake
app/Contents/bin/cmake

remove
remove
remove
remove
remove
remove
remove

=
0= Outlin 23 Task BT~
There is no active editor tk ovides
an outline.
Perspective
T[S LA &E x M By~ = B

esp—idf/esp_https_ota/libesp_https_ota.a && /Users
esp—idf/mgtt/libmgtt.a && /Users/kondal/.espressif
esp—idf/openssl/libopenssl.a && /Users/kondal/.esp
esp—idf/ulp/libulp.a && /Users/kondal/.espressif/t
esp—-idf/spiffs/libspiffs.a && /Users/kondal/.espre
esp-idf/unity/libunity.a && /Users/kondal/. espress
esp—-idf/wifi_provisioning/libwifi_provisioning.a &

/Users/kondal/ espressif/tools/xtensa-esp32-elf/esp32-2019rl1-8.2.0/xtensa—-esp32-elf/bin/xtensa-esp32-elf-gcc -DCONFIGURED -DHAVE_WEAK_SYMB
: && /Users/kondal/.espressif/tools/cmake/3.13.4/CMake.app/Contents/bin/cmake -E remove esp-idf/libsodium/liblibsodium.a && /Users/kondal/
: & /Users/kondal/.espressif/tools/cmake/3.13.4/CMake.app/Contents/bin/cmake -E remove esp—-idf/main/libmain.a && /Users/kondal/.espressif
cd /Users/kondal/eclipse-workspace-espressif2/Hello_World/build/esp-idf/esp32 && python /Users/kondal/esp/esp-idf/tools/ldgen/ldgen.py ——c
/Users/kondal/.espressif/tools/xtensa—esp32-elf/esp32-2019r1-8.2.0/xtensa-esp32-elf/bin/xtensa-esp32-elf-gcc -DHAVE_CONFIG_H -DMBEDTLS_CON

: & /Users/kondal/.espressif/tools/xtensa-esp32-elf/esp32-2019rl1-8.2.0/xtensa-esp32-elf/bin/xtensa-esp32-elf—-g++

-mlongcalls -Wno-frame-

[821/821] cd /Users/kondal/eclipse-workspace-espressif2/Hello_World/build && python /Users/kondal/esp/esp-idf/components/esptool_py/esptool/esptool.
esptool.py v2.7-dev
Generated /Users/kondal/eclipse-workspace-espressif2/Hello_World/build/hello—world.bin

Build complete (@ errors, 31 warnings):

/Users/kondal/eclipse—-workspace-espressif2/Hello_World/build


https://github.com/espressif/idf-installer#espressif-ide-offline-installer

Project Creation

-

- my project/

- main/
- CMakel.ists.txt
- my project.c

- CMakel.ists.txt

0 Project Explorer

v B my_project
* & build
* = main
A CMakelists.txt
- LICENSE
- README.md

user@dpc:

my project

user@pc:

user@pc:

DevCon23
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1df.py create-project

cd ./create-project

S

© Project Explorer X

There are no projects in your workspace.
To add a project:

_. Create a new Makefile project in a directory

C
containing existing code

[©] Create a new C or C++ project

[ Create a new Espresslf IDF project ]

1 Create a new Espresslf IDF component

7 Create a project...

w3 Import projects...

IDF Project

Create a new loT Development Framework(IDF) project.

[Eroject name: my_project ]

Use default location

C:\Users\esp\workspace\my_project




—

- my project Ldf component regis:
- main/ SRCS "my project.
— CMakelists.txt INCLUDE DIRS H.H)

- my project.c N
- CMakelilsts.txt

cmake minimum required (VERSI 1nclude <stdio.h>
ON 3.16)

vold app main (void)
include (SENV{IDF PATH}/tools {
/cmake/project.cmake) printf ("Hello World\n") ;
project (my project)
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Project Workflow (Overview)

01 Configure 02 Build

« Set configuration options from each  Compile source files from all
component components.
» (Generate sdkconfig file * Link and generate project binary

03 Flash 04 Monitor

 Reset the ESP-32 Iinto Firmware  Reset the ESP-32 into execution mode
Download mode * Monitor the log output using idf.py
* Write the binary into Flash memory monitor



Project Workflow (Configuration)

Command Line

user@dpc:

set—-target esp3’?

user@dpc:

menuconfig

Eclipse IDE

* esp32ca -

© esp32ca
© esp32ch
© esp32h2

* espadsl

¥ esp3dsa

New Launch Target...

Project | Run Espressif Window He

|ozg

Close Project

Build All Ctrl+B

Build Configurations >

Build Project  Build Project | J

Build Working Set >
Clean...

Build Automatically

Build Targets >
C/C++ Index ?
Properties

(Top)

)

ESPRESSIF

DevCon23

Espressif IoT Development Framework Configuration

Build type --->

Bootloader config --->

--->
--->
- >

Security features
Application manager
Serial flasher config

Partition Table --->
Compiler options --->
Component config --->

[Space/Enter] Toggle/enter
[0] Load

[F] Toggle show-help mode
[Q] Quit (prompts for save)

[ ] Make experimental features visible

[ESC] Leave menu
[?] Symbol info

[C] Toggle show-name mode

[S]
[/] Jump t
[A] Toggle

[D] Save minimal config (advanced)

0 Project Explorer *

¥ 1= my_project
> 4 Binaries
> B Archives

> = build

> = main
A CMakelists.txt
= LICENSE

= README.md
[.;sdkcnnﬁgJ

s SDK Configuration =

type filter text

= PHY

= Power Management

= ESP PSRAM

= ESP Ringbuf
» = ESP System Settings
= IPC (Inter-Processor Call)
= High resolution timer (esp_timer)
= Wi-Fi
= Core dump
= FAT Filesystem support
= FreeRTOS

= Kernel
= Port

= Hardware Abstraction Layer (HAL) and Low Level (LL)
= Heap memory debugging
= |EEE 802.15.4
= Log output
> = LWIP
> = mbedTLS
= ESP-MOTT Canfinuratinne

Kernel

(] Run the Amazon SMP FreeRTOS kernel instead (FEATURE UNDER DEVELOPMENT)

[ Run FreeRTOS only on first core
configTICK_RATE _HZ

configCHECK_FOR_STACK_OVERFLOW

configNUM_THREAD_LOCAL STORAGE_POINTERS 1 ®
configMINIMAL_STACK_SIZE (Idle task stack size)

(| configUSE_IDLE_ HOOK
(| configUSE_TICK_HOOK

configMAX_TASK_NAME _LEN

) configENABLE_BACKWARD_COMPATIBILITY
configTIMER_TASK_PRIORITY

configTIMER TASK_STACK_DEPTH
configTIMER_QUEUE_LENGTH

configQUEUE_REGISTRY_SIZE

] configUSE_TRACE_FACILITY
] configGENERATE_RUN_TIME_STATS

100 @

Check using canary bytes (Meth v @

1536 @
16 @
1 (&3]
2048 @
10 @
O ?
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Project Workflow (Configuration) (2)

s N
- my project

- main/
— CMakelLists.txt
- my project.c

— CMakelLists.txt

Wi-F1

=H==H==i=|=5\

CONFIG ESP WIFI ENABLED=y
CONFIG ESP WIFI STATIC RX BUFFER NUM=10

- build/ # end of Wi-Fi

- sdkconfig #
\_ Y. # FreeRTOS

i
* build stores all build files CONFIG_FREERTOS_HZ=100
, # CONFIG FREERTOS UNICORE is not set
 sdkconfig stores generated
COnﬁguratiOn # end of FreeRTOS

o %




4 N

FExecuting action: all (aliases: build)

Running ninja in directory /home/User/esp/my project/build
[(0/1] Re-running CMake...

-— Project sdkconfig file

/home/User/esp/my project/sdkconfig

Partition table binary generated.

[57/103] Building C object esp-
idf/bootloader support/.../bootloader init.c.ob]

Successfully created esp32Z2 i1mage.

Generated
/home/User/esp/my project/my project/build/bootloader/boot
loader.bin

[370/884] Building C object esp-
idf/freertos/.../tasks.c.ob]

[708/884] Building C object esp-idf/driver/.../i2c.c.ob]

Successfully created esp3Z2 i1mage.
Generated /home/User/esp/my project/build/my project.bin

Project build complete. To flash, run this command:

. /

{.) ESPRESSIF

DevCon23

user(@dpc:

1df.py all

@, | (or CTRL + B)

Project Workflow
(Build)



Hardware Overview
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Project Workflow (Flash)

EN/IOO

Download Mode | p ! N

Reset ESP-32 while UART (FTF2T2[3>|2 . USB
holding 100 Is low - ) -

partition-table.bin

Flashing Binaries 4 N A bootloader.bin

Write binaries to SPI Flash PSRAM my_project.bin
Flash via ESP-32 - 7 o
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Project Workflow (Flash) (2)

» Find correct serial port * Find correct serial port (via Device Manager)
. Call idf.py flash » Create a new launch target
* Flash via Run button
user@pc: A0 @ | )
File ﬁ IEI ﬁ E !
s /dev/ttyUSB* R & Run my_pr

- — -

user@pc:

- Enter name and properties for the target.

|
idf.py -p /dev/ttyUSBI E

flash : v | Name: esp32
IDF Target | esp32 v

+ Serial Port: COM10 USB Serial Port (COM10)

EI
f

Pro
Security devices



user@pc: S idf.py -p dev/ttyUSB1 flash

Fxecuting action: flash

esptool esp32 -p /dev/ttyUSBl -b 460800 --before=default reset --
after=hard reset write flash --flash mode dio --flash freqg 40m --
flash size 2MB 0x1000 bootloader/bootloader.bin 0x10000

my project.bin 0x8000 partition table/partition-table.bin

Leaving. ..
Hard resetting via RTS pin...

Done




to} BP0

Project Workflow (Monitor)

Running the IDF Monitor tool

« Call idf.py monitor * Open the Integrated terminal

5. Problems ¥ Tasks & Console Tl Properties & Terminal *
& <Closed> COM10

US@I@pC . ?[0733m- idf monitor on \\.\COM1O 115200 -—-72[Om

: Hello from app main!
1df -PY —P /dev/ttyUSBl E ﬁz i 2355 EE
; Hello from app main!
Hello fr
monitor SRR
He llD f om app main!
Hello from app main!
Hello from app main!



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/tools/idf-monitor.html

Project Workflow (Monitor) (2)

15t Stage Bootloader

user@pc: S idf.py —-p dev/ttyUSBl monitor
ets Jun 8 2016 00:22:57

rst:0x1 (POWERON RESET),boot:0x3e (SPI FAST FLASH BOOT)

load:0x3£f£f£f0030, len:7076
10ad:0x40078000, Llen:15576
1load:0x40080400, len:4

0x40080400: 1nit at ?27?2:7?

10ad:0x40080404, len:3876
entry 0x4008064c




Project Workflow (Monito?) (3)

2"d Stage Bootloader

boot: ESP-IDF vb.1 2nd stage bootloader

boot: Partition Table:

boot: ## Label Usage ST Offset Length
boot: 0 nvs WiF1 data 02 00009000 00006000
boot: 1 phy init RF data 01 0000£000 00001000

boot: 2 factory factory app 00 00010000 00100000
boot: End of partition table

(177) boot: Loaded app from partition at offset 0x10000
I (189) cpu start: Starting app cpu, entry point 1s 0x4003810d3

0x400810d8: call start cpul at /home/User/esp/esp-
idf/components/esp system/port/cpu start.c:154




Project Workflow (Monitor) (3)

App Startup

(0) cpu start: App cpu up.

(207) cpu start: Pro cpu start user code

(207) cpu start: cpu freqg: 160000000 Hz
(207) cpu start: Application information:

(212) cpu start: Project name: my project

app start: Starting scheduler on CPUC
app start: Starting scheduler on CPUL
maln task: Started on CPUO

maln task: Calling app mailn ()




Project Workflow (Monitor) (4)

User Entry Point

Hello World

I (327) maln task: Returned from app main ()

// In main/my project.c

#include <stdio.h>
See Boot Process Documentation

vold app main (vold) for more details
{

printf ("Hello World\n");



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/startup.html

O 3 Programming Model
ESP-IDF Programming Model



Where do we go from here?

// In main/my project.c
#include <stdio.h>

vold app main (void)
{
printf ("Hello World\n");
setup () ;
while (1) {
loop () ;

// In main/my project.c
#include <stdio.h>

vold app main (void)
{
printf ("Hello World\n");
/* USER CODE BEGIN 2 */
user setup();
/* USER CODE END 2 */
/* USER CODE BEGIN WHILE */
while (1) {
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */
user loop();

}
/* USER CODE BEGIN 3 */




Issues with Superloop

g @ static void loop(void)
{

GPIO Handllng

12C Handllng
l it (check gpio press()) {

| |
| |
" LCD Handling int val;
| |
| |

}
FS Handllng

handle gpio();

val = handle i2c();

WIFI Handllng

handle lcd(val);

L )




Multi-threading via an OS

GPIO 12C LCD
Thread Thread Thread

Wait for...

Wait for new value

« transfer request Wait for data from Wait for GPIO press
_ Wait for 12C request
Wait for GPIO press . transfer done 12C task oo
ress Event
Request 12C
transfer I2C request event

Start 12C transfer

Walit for next GPIO
press

Wait for transfer done

I12C transfer done

Send transfer
value to LCD

-+ New value received

Wait for [12C request

Write new value
to LCD

Wait for new value
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FreeRTOS (Overview)

What is FreeRTOS?

* Popular RTOS (Real Time Operating System)
» Integrated into ESP-IDF (central to programming model)
» Allows multi-threading (known as tasks)

FreeRTOS Features

« Small and simple
* Free and open source
» Multiple synchronization primitives



DevCon23

{s)) ESPRESSIF
FreeRTOS (Tasks)

example task( *pvParameters)

local variable = ( ) pvParameters;

* Implemented as C function
» Usually implemented as an infinite

while (1) {

xSemaphoreTake(event sem, I()()F)
handle event(): * Tasks can block on events (does not
xSemaphoreGive(other_event sem); consume CPU t|me)

* Tasks can give events (unblock other

if (exit condition met) {

break; taS kS)

} .
} e Function must never return

vTaskDelete( );




FreeRTOS (Task States)

Task State Description

Running The task Is currently be executed

Ready The task Is able to execute but is not
currently executing

Blocked The task Is walting for a temporal or
external event. The task will not be
scheduled until it is unblocked by the
event or times out.

Suspended Task will not be scheduled until
explicitly unsuspended

Event or
time out

Ready

XTaskResume()

Blocked

Task Scheduling

vTaskSuspend()
w

-

\_

Suspended

~

Blocking API

-

)

Running

~

N /‘—|7 y



FreeRTOS (Scheduling Algorithm)

Task A (2)

Task B (1)
IDLE (0)

Task A (2)

Task B (1)
IDLE (0)

Task A (1)

Task B (1)
Task C (1)

Running

to

t1

t2

t3

t4

t5

to6

t/

Ready

Fixed Priority

 Each task has a fixed priority
» Scheduler always executes the highest priority
ready state task

Preemptive

» Scheduler can switch out current task at any time
(without cooperation)
* Higher priority tasks will preempt current task.

Time Slicing

* Periodic switching of ready tasks of the same
priority, governed by tick interrupt.
« Switch in Round Robin fashion.

{)} ESPRESSIF

DevCon23

Blocked
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FreeRTOS (Further Resources)

FreeRTOS (Upstream)

« RTOS Fundamentals

» Mastering the FreeRTOS Kernel
* FreeRTOS Configuration

FreeRTOS (IDF Integration & SMP)

 ESP-IDF FreeRTOS Integration

 ESP-IDF FreeRTOS SMP Changes
 ESP-IDF FreeRTOS Supplemental Features
» 2022 Devcon FreeRTOS Presentation



https://www.freertos.org/implementation/a00002.html
https://freertos.org/Documentation/161204_Mastering_the_FreeRTOS_Real_Time_Kernel-A_Hands-On_Tutorial_Guide.pdf
https://www.freertos.org/a00110.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/system/freertos.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/system/freertos_idf.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/system/freertos_additions.html
https://youtu.be/03Q8oilo_2U
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Memory Model

High Address

The ideal C memory model assumptions: : Stack |
» All memory is physically identical . "
» Single stack
 Heap and stack grow In opposite
directions 0 |
i Heap E
Issues: " Uninitialized Static (.bss) J
» Multiple stacks S . )
| | | | Initialized Static (. data)
« Memory Is not physically identical > <
Code (. text)

Low Address



Memory Model (2) [SIMPLIFIED]

Physical Memory

External Memory

Flash

SPI RAM

Internal Memory

Cache J

DRAM

IRAM

RTC Fast RAM

Y

Y

RTC Slow RAM

AN

ROM

AN

Virtual Memory
High Address

Heap (IRAM/Flash)

.text (IRAM/RTC/Flash)

Heap (DRAM/RTC/SPI RAM)

Stack

Stack

Stack

.bss (DRAM/RTC/SPI RAM)

.data (DRAM/RTC/SPI RAM)

Low Address
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Physical Memory

* [nternal memory with different capabilities
» External Memory accessed via Cache

Virtual Memory

» EXxpanded static sections to cover
different physical memories

 Heap can allocate from different physical
memories

* Each stack is now allocated from heap or
static memory
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Memory Model (3)

Key Takeaways

 Memory IS non-uniform
» Multiple tasks means multiple stacks
» Task stacks can be allocated from heap/.data/.bss

Memory: Further Reading

 ESP-32 TRM (System & Memory)

« ESP-IDF Memory Types

 Heap Memory Allocator

 ESP-IDF SPI-RAM Guide

» Linker Script Generation (How to place data/functions into particular type of memory)



https://www.espressif.com.cn/sites/default/files/documentation/esp32_technical_reference_manual_en.pdfsection.1
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/memory-types.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/system/mem_alloc.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/external-ram.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/linker-script-generation.html

ESP-IDF Features

Where to find ESP-IDF features




IDF Features In a Project

o e e e e e e e e e e e e e e

Button
4 N\
GPIO Driver
/
J
Sensor /,f_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_ﬁ\\
Task | 1I2C Sensor
< .
12C Driver (Master)
Data|Queue )
4 B ———————————
N LCD
LCD T

(Master)
- )

Task (Graphics) d R
5 E@% SPI Driver
en Up ate

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -
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Breakdown project into
subsystems

Find/write components and
libraries required for each
subsystem

Read API of each required
component and library
Implement glue logic to
connect subsystems
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Where to Find Components?

4 )

# ESP-IDF Programming Guide * Networking APIs
o Wi-Fi
'\ o Ethernet
1. ESP-IDF t N
: - components o
ESP32 ¥ o IP Network Layer
stable (v5.1) - > Application Layer

2. IDF Component Reqistry
(Component Manager)
3. Create your own

(_ my project/
— components/
- my 12c sensor/
- 12C sensor.c
— CMakel.ists.txt
- my graphics lib/
- graphics lib.c
— CMakel.ists.txt
- main/
- CMakelists.txt

o

Search docs

Get Started

= API Reference

APl Conventions
Application Protocols
Bluetooth API

Error Codes Reference
Netwaorking APls
Peripherals API
Project Configuration
Provisioning API
Storage API

Systemn API

+ Peripherals API
> Analog to Digital Converter (ADC) Oneshot Mode Driver
> Analog to Digital Converter (ADC) Continuous Mode Driver
> Analog to Digital Converter (ADC) Calibration Driver
> Clock Tree
> Digital To Analog Converter (DAC)
o GPIO & RTC GPIO
o General Purpose Timer (GPTimer)
> Inter-Integrated Circuit (12C)
o Inter-1C Sound (12S)
o LCD
o LED Control (LEDC)
o Motor Control Pulse Width Modulator (MCPWM)
o Pulse Counter (PCNT)
o Remote Control Transceiver (RMT)
> SD Pull-up Requirements
> SDMMC Host Driver

ESP @:egisfry

Find the most exciting
ESP-IDF components

Kickstart your next loT Project with the open-source components, you can also easily
integrate the components into your existing IDF projects.

Search components

Browse components

ALL Board Support Packages ESP32 ESP32-C2 ESP32-C3 ESP32-C6 ESP32-H2 ESP32-52 ESP32-53

Signin



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/index.html
https://components.espressif.com/
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/tools/idf-component-manager.html

Build System &
Components

Overview of ESP-IDF build system
and what components are.
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01 02

Components > Libraries  CMake wrapper commands to

The ESP-IDF build accommodate components
system Is based on

CMake. 03 04

Integrate into idf.py Still possible to use pure CMake
frontend


https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/build-system.html
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Components vs Library

Component is a library but with extra g A
some component/

stuftf - include/
- some component.h

e Source files, headers, include

. . - src/
directories

| — some component.c
* Linker Fragments
« Embedded binary/text files - linker.lf
» Other pre-compiled libraries - cata.txt .

_ _ _ - some other lib.a

» Kconfig configuration ~ Kconfig
o Unit tests - tests/




Component CMakeLlists.txt

project (11bX)
add library (libX 1ibX.c)
target link libraries (l1bX PRIVATE 1libY PRIVATE 11ibZ)

# Register component

1df component register (
# Source files for this component
SRCS ./src/my component.c ./src/algo.c
# Include directories for this component
INCLUDE DIRS ./include
# Other components required by this component
REQUIRES esp lcd
PRIV REQUIRES driver
# Linker fragment for this component
LDFRAGMENTS linker.1lf)




Project CMakeLlists.txt

project (my project)
add executable (my app my app.c)
target link libraries (my app PUBLIC 1libA PRIVATE 11bX)

cmake minimum required (VERSION 3.10)

# Pull in IDF Cmake Wrappers
include (SENV{IDF PATH}/tools/cmake/project.cmake)

# Default directories that are searched for components

it - “egp-idf/components/”

# - “my project/components/”

# Declare any extra directories to search for components
set (EXTRA COMPONENT DIRS " $ENV{MY_LIBS } /components")

# Declare project
project (my project)
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Build Systems (Further Resources)

ESP-IDF Build System Documentation


https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/build-system.html

More Resources

Where to get more help & resources



Guru Meditation Error?



#include <stdio.h>

static void some func(int *some_ptr)

{

*some_ptr = 1; « NULL pointer access

vold app main (void)

{
printf ("Hello World\n");

Some_func((int *)YNULL) ;

Guru Meditation Error: Core 0 panic'ed (StoreProhibited). Exception was unhandled.

Core 0 register dump:

PC : 0x400e23f1 PS : 0x00060a30 AO : 0x800d50df Al : 0x3ffb4d4c20
A2 : 0x00000000 A3 : O0x3f4028fc A4 : O0x3£40297¢c Ab : O0x3ffb4dc40
A6 : O0x3ffbdc20 A7 : 0x0000000c A8 : 0x00000001 A9 : O0x3ffbdbel
Al10 : 0x0000000a All : Ox3ffaebdd AlZ2 : O0x3ffbdc20 AlS3 : 0x0000000c
Al4 : 0x3ffb2934 AlS : Oxb33fffff SAR : 0x00000004 EXCCAUSE: 0x0000001d
EXCVADDR: 0x00000000 LBEG : 0x400014fd LEND : 0x4000150d LCOUNT : Oxfffffffc

Racktrace: 0x400e23ee:0x3ffbd4c”20 0x400d50dc:0x3ffbd4c40 0x400e30b8:0x3ffb4dcol
0x40087/bad:0x3ffb4d4c90
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Fatal Errors

e Fatal error cause  Backtrace
* Register Dump » Auto address decoding by IDF monitor

Guru Meditation Error: Core 0 panic'ed (StoreProhibited). Exception was unhandled.

Core 0 register dump:

PC : 0x400e23f1 PS : 0x00060a30 AO : 0x800d50df Al : 0x3ffb4c20
0x400e23fl: some func at /home/User/my project/build/../main/my project.c:5

A2 : O0x00000000 A3 : O0x3f£4028fc A4 : O0x3£40297¢c AS : 0x3ffb4c40
A6 : O0x3ffb4c20 A7 : 0x0000000c A8 : 0x00000001 A9 : 0x3ffb4dbel
Al0 : 0x0000000a All : Ox3ffaebd44d Al2 : O0x3ffb4c20 Al3 : 0x0000000c
Al4 : O0x3ffb2934 Al5 : Oxb33fffff SAR : 0x00000004 EXCCAUSE: 0x0000001d
EXCVADDR: 0x00000000 | LBEG : 0x400014fd LEND : 0x4000150d LCOUNT : Oxfffffffc

Backtrace: 0x400e23ee:0x3ffbd4c20 0x400d50dc:0x3ffb4cd40 0x400e30b8:0x3ffbdc60 0x40087bad:0x3ffbdc90
0x400e23ee: some func at /home/User/my project/build/../main/my project.c:4

0x400d50dc: app main at /home/User/my project/build/../main/my project.c:12

0x400e30b8: main task at /home/User/esp/esp-idf/components/freertos/app startup.c:217 (discriminator 13)

0x40087bad: vPortTaskWrapper at /home/User/esp/esp-idf/components/freertos/FreeRTOS-
Kernel/portable/xtensa/port.c:162



https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/fatal-errors.html
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Debugging Tools

Runtime Debugging Tools

 GDB & OpenOCD
» Application Tracing
» GDB Stub (Runtime)

Post-Mortem Debugging Tools

 Core Dump
» GDB Stub (Panic)


https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/jtag-debugging/index.html#jtag-debugging
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/app_trace.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/kconfig.html#config-esp-system-panic
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-guides/core_dump.html
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/api-reference/kconfig.html#config-esp-system-panic
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Support

Github

» Report issues or feature requests
» Contribute pull requests (see ESP-IDF Contributors Guide)

ESP32 Forum

* Ask questions
» Discuss ESP32/ESP-IDF


https://github.com/espressif/esp-idf/issues
https://github.com/espressif/esp-idf/pulls
https://docs.espressif.com/projects/esp-idf/en/v5.1/esp32/contribute/index.html
https://esp32.com/
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Thanks for watching |



