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Why?
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RTOS vs Bare Metal

An RTOS Saves Development Time

Minimal additional code size

Serves as a HAL to MCU synchronization features

Avoids requiring us to implement these features
* Reinvent the wheel
» Time-consuming

Tested thoroughly
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RTOS Benefits

Don’t reinvent the wheel

API that implements standard features
» Task/thread
* Queue
« Semaphore
* Mutex

Leverage MCU hardware
« ARM
« Assembly to enable/disable interrupts

Leverage compiler for increased optimization

WE REALLY DoN'T WANT T0O )
REINVENT THE WHEEL HERE.
9% WE'RE AskING YOU To Do IT.

"

© E. GILLESPIE

www.eringillespiecartoons.wordpress.com
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Why The Zephyr Project RTOS?

+ Self-contained
* Drivers included S
» Subsystems included .
* No need to manually retrieve other repositories !:IMQOINQDE)CIT&

Ly OO P,

Vendor agnostic tife.augmentes  ARDUINO RISC

» Support for CPUs from many vendors
» Support for extensive list of development boards

Examples for all subsystems/peripherals

VS Code Plugins
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The Zephyr Project RTOS

e It's not Linux!
« “Zephyr”
* It's an RTOS ‘
* Direct access to hardware »A

* No rings/privileged mode*

Zephyr’

Organization is different from other RTOSes
» Collection of repositories
» Uses a “meta-tool” called West
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Getting Started

* nRF Connect for Desktop

. . ﬂ Products News ™ Support ™ Investors ™ Company vV
» An application that sets up a complete Zephyr NORDIC -
development environment

nRF Connect for
Desktop

Automatic Updates

All nRF Connec t for
Desktop apps

* VS Code Plugins!
Create a new project

Cross-platform development Bluetooth LE
software for Nordic Products Cellular

nRF Connect for Desktop is a cross-platform tool Power Measurement

+ Based on an example
ntai , measure, optimize
] ] ] and pr
» Open existing project o ooy el
kit you ¢ ted to your computer and upload the
ded firmw

Configure Zephyr
Build and debug a project RF Connect for Desktop Apps
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NRF Connect For Desktop

#SensorsConverge

nRF Connect for Desktop v4.0.1

SETTINGS ABOUT

Search...

Toolchain Manager
Install and manage tocls to develop with the nRF Connect SDK (NCS)

Bluetooth Low Energy
General tool for development and testing with Bluetooth Low Energy

Direct Test Mode
RF PHY testing of Bluetooth Low Energy devices

LTE Link Monitor

Link menitor and AT command terminal

Power Profiler
App for use with Nordic Power Profiler Kits

Programmer
Tool for flash programming of nRF SoCs

BN -

v ] [

(v ] [

Install E|

Install EI

[ ] [
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NRF Connect For

esktop

5] Toolchain Manager v1.2.2

SDK ENVIRONMENTS SE GS BOUT

nRF Connect SDK v2.3.0

nRF Connect SDK v2.2.99-dev3

nRF Connect SDKv2.2.0

nRF Connect SDKv2.1.3

nRF Connect SDK v2.1.2

First steps

Install

nstall

nRF Connect for VS Code

23.0 (c\ncs\v2.3.0)

t Toolchain (2

oolchain:

\v23.0)

Install...
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Hello World!

nRF Connect for VS Code

2.3.0 (ch\ncs\v2.3.0)

t T ain

2.3.0 (cAncs\toolchail

Ipful

New Application

Application type

Install..

ect Toolchain

\ncs\toolchainsiy

Application location

bill

Applica template

zephyr/samples/hello_world

Application name

Create Application

Sensors
Converge



v WELCOME
Open welcome page
en an existing application
Create a new application
ate a new board
isit documentation
feedback

Generate support information

~ APPLICATIONS

Add Build Configuration

Select and configuration options for hello_world:
Board

nri52840dk_nrf52840

* Nordic boards All boards

Configuration

prj.conf

Kconfig fragments

No fragn vilable

Extra CMake arguments

Add argument

Build directory name

build

v/ Build after generating configuration

Enable debug options

Build Configuration

Hello World (nRF Connect Plugin

Add Build Configuration

Select and configuration options for he

Board

nrf52840dk_nrf52840
nrf52840dk_nrf52840
nrf52840dongle_nrf52840
nrf52840gmouse_nif52840
nrf52dk_nrf52805
nris2dk_nrf52810
nrf52dk_nrf52832
nrf52dmouse_nrf52832
nrf52kbd_nrf52832

nrf5340 audio dk nrf5340 cpuapp
nrf5340_audio_dk_nrf5340_cpuapp_ns

Build directory name

build

v Build after generating con

Enable debug options

llo_world:

Build Configuration
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Hello World!

PPLICATIONS
=1 hello

Add Build Configuration

Board

nri52840dk_nrf52840

Configuration

agrn
Extra CMake arguments

Add argument
Build director

> NRF52840DK_NRF52840

ACTIONS

Build Configuration
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Hello World!

View Go Run Terminal Help

tommand Palette... Ctri+Shift+P

duilding «
ilding

Ctri+5Shift +E

Ctrl+Shift +F

IDT LIST:

Ctri+Shift+G - Terminal will be re

Ctrl+Shift+D .
nRF Connec
Ctrl+Shift +X

Problems Ctrl+Shift+M world\build c:'

put Ctrl+5haft +U

to close it.

Debug Ct ] Ctri+Shift+Y

Terminal Ctri+”

Word Wrap Alt+Z

Seroll
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Hello World!

Run Terminal Help

maing A X

main(

printk

APPLICATIONS

TERMINAL

t build --| o_vorld\build

ninja: n
rminal will ss any key to clos
> CONNECTED DEVICES

Pmaters @ @140 n13, Coll TebSize4 UTF-8 CRIF C Win32 @ helloword:build &
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Hello World!

3 NRF52840DK_NRF52840
-+ ACTIOMS

w CONNECTED DEVICES

@3 Flash

il Memory report

A CONNECTED DEVICES

I master*s @ @140
MY BOARD!

=N Sensors
Converge



Hello World!

« ACTIOMNS
1

TERMIMNAL
Build

ey to close it.

: nRF Connect: Flash: orld/build

skip-rebuild -r nrfjprog

nner nrfjp

hello world\buil

[ seaaaidarRdatdaEaaeg | f
b SRS s e e .318s gram file -
[ ] Fil

' Erase and Flash To Board

and then flash to selected d

tlashed suc
Terminal will d by task 5 an rlose
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Hello World!

PCA10056.
2.0.1

2020.53
683327986

40023

saieR

e
=

x
L
=

v Device Manager

File Action View Help
= B HE
v @ mab-hp

i Auvdioinputs and outputs
B Bluetooth

, EH Computer

un Disk drives

Il Display adapters

== DVD/CD-ROM drives
i Firmware

» g Human Interface Devices

"= IDE ATA/ATAPI controllers

» =2 Keyboards

L4

u Mice and other pointing devices
I Monitors
?’ Metwork adapters
B Portable Devices
§ Ports (COM & LPT)
@ JLink CDC UART Port (COM3)
= Print queues
0 Processors
B Security devices
F Software components
B Software devices
i Sound, video and game controllers
S Storage controllers
Em System devices

M linncarcal Serial Ruc rontrnllerc
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Hello World!

-+ CONNECTED DEVICES Y Fr

eport

JNNECTED DEVICES
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KConfig

Borrowed from Linux

Used to configure Zephyr features
» Subsystems

A

Similar to specifying macros in other RTOSes »

) |
« All features (not just kernel options)! Z e p hyr ™

Configuration
« Can be filed based
* “prj.conf”’
* Oruse GUI
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HELLL WORLLY

» WsCode

' build
SIC

M3IN.c

Jgitignore
CMakeLists.txt
pr.conf

- README.rst

sample.yami
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File

onfig Changes Save Save to file

Save (minimal)..

» APPLICATIONS
HELLO WORLD
MNRF32840DK_MNRFS5" 440
ACTIONS

Build

Sensors
Converge



KConfig

iffer for dot matrx dis

Minimum

Link ‘app’ with FS (APP_LINK WITH
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KConfig

nRF Kconfig Changes Save to file Save (minimal)...

Devicetree Info

CHANGES WILL
NOT BE SAVED
TO prj.conf!

BAD FOR

hhello_world\build\zephyr,.conf

VERSION
CONTROL!

Source: nRF Kconfig (Extension])
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r..I'IIJ FILE / CAN
COMMIT

CHANGES
TO prj.conf

ADD build
DIRECTORY TO
.gitignore
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Devicetree

* Borrowed from Linux

» Used to configure hardware
* Pinmux

- Pinout A |
« Board peripherals »A

<
+ Part of the build process Ze p hyr

« Start with “top-level” device tree file (provided by vendor)
» Contains references to other device tree files
» Pinout configuration
« Can customize devicetree using “overlays”
» Custom hardware
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Devicetree Overlay

* For custom hardware
» Change peripheral pinout

* Enable subsystem
« Sometimes enablement is done via devicetree (instead of KConfig)
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Devicetree Overlay

+ Example: Enabling ADC and SPI-SD card support

sdhce: sdhcge

I—'—‘Frpdt.j.tljl;' =
status =

u
»

spl-max-trequency = <2408000a>;
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Devicetree Overlay

« Example: Changing default pins

&pinctrl {
&spil { mab _spi: mab_spi
status = - groupl
pinctrl-8 = <&mab_spi>; psels
pinctrl-1 = <&mab spi>; ‘
pinctrl-names = "

&arduino i2c {

pinctrl-8 = <&mab_i2c>;

pinctrl-1 = <&mab_iZc>;

pinctrl-names =
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What's Next?

Typical RTOS data structures and paradigms

Threads/tasks

Thread/task synchronization
* Mutex
« Semaphore

Thread/task communication
» Workqueue
 FIFO

S
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Intermediate Topics

» Connectivity

* BLE
* Custom advertised name
» Standard services/characteristics
- Battery
» Custom services/characteristics

+ WiFi

AP mode
« Station mode
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Advanced Topics

West Manfiest

NRF Connect for Desktop uses Nordic’s own West manifest under the hood

Maybe beneficial to bring West manifest in-house
» Ensure that all source code is from a particular version
* Unknown updates may break functionality
 Helpful for client projects

Blog post
» Getting Started With Zephyr: West Manifest Customization
* https://www.embeddedrelated.com/showarticle/1505.php
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Thank You!

June 20-22, 2023 | San Clara, CA
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