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What is all about?

• Series of hands-on exercises and courses to learn Linux kernel development
• Hardware platform: NXP i.MX93 FRDM board
• Schedule
oDay 1: Introduction to the Linux kernel
oDay 2: Character devices, GPIOs and IRQs
oDay 3: SPI bus and ST7789 display
oDay 4: I2C bus and BMP280 sensor
oDay 5: HACKATHON
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• With a focus on embedded systems

Day 1: Introduction to 
the Linux kernel*
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• SoC: NXP i.MX93 FRDM board
oCPUs: 2× ARM Cortex-A55 @1.7Ghz
oCPUs: 1 x ARM Cortex-M33 @250M
oMemory: Up to 2G LPPDR4
oStorage: 32G eMMC
• I/O: USB, UART, GPIO, I2C, SPI, CAN, 

Ethernet, MIPI-CSI
oAudio: MQS

Notes and sources section

Hardware support - NXP i.MX93 FRDM board
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Embedded Linux vs Desktop Linux

• Purpose and Use cases
oGeneral purpose vs Specialized
oUbuntu, Fedora, Debian vs Yocto, buildroot, openwrt

• Hardware requirements
oPower consumption, memory footprint

• Operating system design
o Full fledged OS vs stripped down version of Linux

• System on a Chip vs Discrete Component System

Notes and sources section
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Embedded Linux usage

• Consumer electronics
oSmart TVs and Set-Top boxes
oSmartphones and Tables

• Wearables
oSmartwatches and fitness trackers

oAutomotive Systems
o In-Vehicle Infotainment (IVI)
oAdvanced Driver Assistance Systems (ADAS)

oInternat of Things (IoT)
oSmarthome devices

oIndustrial Automation, Medical Devices, Energy and Utilities
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Linux kernel

• Started by Linus Torvalds, in 1991
• Split into sub-subsystems handled by maintainers
• https://kernel.org/
• Development
oCurrent mainline version: 7.2
oReleases every 9-10 weeks
o Long Term Support

• Stats:
oVersion 7.1 has around 42M lines of code
o Every release they are around 2000 contributors

Notes and sources section

https://kernel.org/
https://kernel.org/
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Linux kernel contributors
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Linux kernel roles (1)

• Linux kernel is the core component of a Linux operating system
• Resource management
oProcesses, files, memory, scheduling, networking

• Hardware management
oDevice drivers
oAllows user space apps to use the hardware

• Security
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Linux kernel roles (2)

• Applications rely on kernel for services
o functionalities are implemented via libraries

• User – kernel communications
ovia System Calls

• Linux kernel is monolithic
o Everything happens in a single executable Image
o ..but it has loadable modules!
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Linux kernel tree

• git clone git://git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git
• Linux kernel is written in C
• Compiled with GCC or Clang/LLVM
• There is also some assembly code
• Rust support
• Development happens on email
ogit send-email

• Distributed git repo
o Each maintainer with its own tree
o Linus Torvalds does the release

http://git/git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git


|  NXP  |  Public12

Exploring the source code

• vim
• Visual Studio Code
• https://elixir.bootlin.com/linux/latest/source

https://elixir.bootlin.com/linux/latest/source
https://elixir.bootlin.com/linux/latest/source
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Minimal binaries required to boot Linux

• U-boot
oUsed to load kernel Image and device tree

• Linux kernel image
• Device Tree Blob (dtb)
o imx93-11x11-frdm.dtb
oUsed to describe the hardware on the board

• Rootfs (root file system)
oContains minimal userspace (/init, /bin, /lib)
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Linux kernel development environment (1)

• See: https://nxp-research.github.io/lkss-main/infrastructure/main.html
• Cross-compiler et all

• Raw setup
oManually clone, install and configure necessary components

• Use LKSS script
o lkss-main/scripts/lkss.py
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Linux kernel development environment (2)

• git clone https://github.com/NXP-Research/lkss-main.git
• Initialize the environment
• Manually:
o copy rootfs, uuu, flash.bin
oManually clone the linux kernel

• Use LKKS scripts

o ./scripts/lkss.py init --runner native –f
- Clones the linux kernel

- Downloads rootfs, uboot (flash.bin) and uuu tool
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Linux kernel development environment (3) - kernel config

• Linux kernel is huge!
• We need to be able to select parts of the code to be compiled in
• Configuration symbols (e.g CONFIG_NET)
• Default configuration
oarch/x86/configs
oarch/arm64/configs

• Configuration symbols
oY, code is compiled inside the Linux kernel image
oM, code is compiled as a separate Linux kernel module
oN, code is not considered for compilation
oARCH=arm64 CROSS_COMPILE=aarch64-linux-gnu- make imx93frdm_lkss_defconfig
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Create your own configuration

• Manually: ARCH=arm64 CROSS_COMPILE=aarch64-linux-gnu- make menuconfig
• ./scripts/lkss.py menuconfig
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Compiling the Linux kernel source code

• Manually
oARCH=arm64 CROSS_COMPILE=aarch64-linux-gnu-
o INSTALL_MOD_PATH=/path/to/modules make modules_install

• LKSS script
o ./scripts/lkss.py compile --install-modules
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Booting the kernel

• Manually:
• LKSS script
o ./scripts/lkss.py boot

• … and now lets have a look at the code
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Simple "Hello World" kernel module
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Linux kernel logging

• Mechanism
oprintk, similar to printf but outputs to kernel buffer

• Log access tools
odmesg
o journalctl

• Log levels
o0 (emerg) to 7 (debug)
oprintk(KERN_INFO "Hello World");
opr_info("Hello World")

• Serial console
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Build / Load the Linux kernel module

• Build (on your laptop)
• ./scripts/lkss.py menuconfig (select your module)
• ./scripts/lkss.py compile --install-modules

• On the target board
• modprobe / insmod
• rmmod
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Kernel errors: Oops vs Panic

• Oops
oA non-fatal error detected in kernel space
oSystem may continue running
oPrints diagnostic info: stack trace, registers

• Panic
oA fatal error detected in kernel space
oSystem will halt
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Kernel API: Timers

• allows scheduling activities in the future
• Jiffies, stores the number of timer ticks
• Timer API
ostruct timer_list
o timer_setup
omod_timer
odel_timer_sync
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Device tree

oDevice tree
- A data structure used to describe hardware
- Used at boot to inform the kernel about the HW hierarchy
- Kernel matches compatible string with platform driver

• Platform drivers
oUsed for non-discoverable hardware
oHandle platform devices described in device tree
oKey API
- Probe
- Remove
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Platform driver
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