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Kakip's Transformer:
“ Dynamic 40-Pin @xak,
Header Magic!

OSC-Nagoya 2025. Wig Cheng




About Me

Wig Cheng

One of Kakip Community maintainers

Android BSP and Enterprise

e LinuxQOS
e Ubuntu/Debian
e Yocto

Open Source contribution
e Linux Kernel upstream
e Google AOSP upstream
e Robotic arm community
e E-paper community
Github: wigcheng



Other kak

Jason

o

ip contributors |
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arm64: dts: renesas: overlays: add device overlay for pwm0
Jjason9816 committed last month

arm64: dts: renesas: overlays: implement device overlay for pwmO0
jason9816 committed last month

arm64: dts: renesas: kakip-es1: add pwm0 definition
jason9816 committed last month

Commits on Feb 8, 2025

drivers: pwm: pwm-gpio.c: backport driver from mainline v6.13, fix compile error &
jason9816 committed on Feb 8

Commits on Feb 5, 2025

pwm: Add GPIO PWM driver =2

vwax authored and jason9816 committed on Feb 5

arm64: dts: renesas: overlays: add device overlay for spi0
lc-wang committed on Feb 5

arm64: dts: renesas: overlays: implement device overlay for spi0
lc-wang committed on Feb 5



Outline

« GENEIRC 40-PIN Header Definition
* Device Tree Overlay

« Implementing on Kakip-Al SBC

« Yocto Scarthgap traveling

* Future work

Note: | set this session as beginner-level, so there won't be too much
driver coding in today’s session. The focus will be more on the overall
architecture.
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GENEIRC 40-PIN Header
Definition

The History of the 40-PIN



N -101- 101010
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First 40-PIN Born SRR

2014/07 for Raspberry PI Model B+

Function Number 2 Al T 2o

(© Raspharry Pi 2017

5Volt 2

3.3Volt 2

GND 8

12C 1=>2x GPIO

UART 1=>2x GPIO

SPI 1=>4x GPIO

PWM 2 =>2x GPIO

PCM 1 =>4x GPIO ey Lo

GPIO 13 Raspberry Pi 1 Model B+




GPIO mode
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Binary sensor (motion, etc.)

4

switch, button

-
-

Clock generator

LED light



40-PIN Multi-function on Linux

static change (simplified boot flow)

boot ROM

Questions:

1. Enablingi2c, spi and uart at the same time?
bootloader 2. How to implement a dynamic change function?

rpi-model-b.dtb

rpi-model-b-i2c.dtb
rpi-model-b-spi.dtb bootargs
rpi-model-b-pcm.dtb
rpi-model-b-pwm.dtb

. load dtb lboot kernel'
choose one as default dtb

3. Compare the implementing complexity

T
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Device Tree Overlay

A Journey Through DTBO's History



Device-Tree Overlay

First DTBO on Linux Kernel upstream

Date: 2014/07 submitted, 2015/5 merged
Supported platform: BeagleBone Black (ARM32 Tl AM3358)
patches: 201¢910



https://web.git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git/commit/?id=201c910bd6898d81d4ac6685d0f421b7e10f3c5d

Device-Tree Overlay

dynamic change (simplified boot flow)

[boot ROM ]
v

rpi2-i2c.dtbo
rpi2-spi.dtbo

(bootloqda (linux rootfsJ r‘piZ-pcm.dtbo
¢ T rpi2-pwm.dtbo
[ bootargs ] [boot ker‘nel1 r‘pj'z_l'“mﬂt'dtbo

) .
[load kernelJ (apply to dtb] .
§ / multiple dtbo can be loaded!

[ load dtb ]——s»(:ioad dtbo ]




Device-Tree Overlay

Implementing complexity comparison

With dtbo Without dtbo
Prepare dts number n —
functions = n n(n 1)+Zk (fornz2,anda; = 1)
Dynamic change YES Partially
Development level Medium? Easy
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Implementing on Kakip-Al SBC

The Implementation Section Officially Begins



Kakip-ai

ARMG64 Renesas RZ/V2H
» Features
v" Powerful NPU (Up to 80TOPS)
v" Raspberry-Pl compatible 40-PIN header
v' 4x MIPI-CSI connector
v' 2x CAN-bus interface
» OS support
v" CIP Kernel 5.10 (6.1 will be released soon)
v' Ubuntu 24.04 LTS
» Applications
v Edge Al & robotics




Support libgpiod

Feature

Year Introduced
Interface Type

Multi-line Operations
Interrupt / Event
Performance

Race Condition Handling

Kernel Support Since

Deprecation Status

CLI Tools

sysfs GPIO
~2009

Filesystem (/sys/class/gpio/)

¥ Not supported
&K Not user-friendly
/\ Relatively slow
K Prone to issues
Before Linux 4.8

Deprecated since Linux 5.10

echo and cat the sysfs nodes

libgpiod (Character Device)
2017

Character device (/dev/gpiochipX)

Supported
poll/select/epoll supported
Fast and efficient
Handled via kernel APIs

Linux 4.8 and newer

Recommended for new development

gpioinfo, gpiodetect, gpioset, gpioget




Support libgpiod (cont.

Major changed: 5a33a30 20a5c759 22baace
Vendor's original architecture base on sysfs way

33V10  33VI0
Target: qQ
.
R57 R58 CcNe
18K 1.8K TSW-120.07-G.D
1 33v pwr 5
3 B R
= GPIO2/SDA
5 GPIO/SCL o
o
7 R GPios GPIO14/TXD
9 = = 10
= GND GPIO15/RXD
1 kGpio17 GPIO18/PCM_CLK 32
13 = Gpioz7 oD A4
15 b GPIO22 GPIO23 =16
17 = o 18
33V_PWR GPIO24
c
19 B Gpiotomosi GhD a2
LI nux O S @ 21 = GpIog/MISO GPI025 222
2= GPIO11/SCK GPios/cE0 -2
25 fGND GpPio7/cE1 =28 |
27 s CED
GPIOO/ID_SD GPIO1/ID_SC
:
29 B GPios oD a2
31k Gpios GPIO12/PWMO o2
33 = GPIO13PWMY oD 344
35 b GPIO19/PCM_FS GPIo16 =28
a7 m o 38
GPIO26 GPIO20/PCM_DiN =22
39 =GND GPI021/PCM_OUT a2
Assssssssssssssnnnnn”
177 77

GND GND

=

gpioinfo

line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line
line

66:
67:
68:
69:
7o:
71:
72:
73:
74:
75:
761
77:
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
So:
91:
92:
93:
94:
95:

Pr—— I
rGPIO16" E kernel
fopro17” = kernel

GPIOO" 3 kernel
="GPIOL" § kernel
2unnamed a kernel
Sunnamed = kernel
tep1O10"” E kernel
H GPIO9™ 3 kernel

PIO11" 3 kernel

GPTO8" & kernel
1"GPTO7" & kernel
26P1018" E unused
foproro”= unused
EGPIOZl": unused
=unnamed 3"SDHI@ VccQ”

2unnamed ="sde_pur_en"
.

sunnamed s"SDHI1 VccQ”
.

:unnamed:'sdl_pwr_en"

EGPIOlz": unused
¥6P1013" 3 kernel
"GPT1020" & unused
GPIOG" = unused
SGPI022" E unused
fop1o24” = unused
EGPIOZS":'cameipwrien
¥GPI026™ § unused
®GPI027" & unused
SePIO23" 2 unused
Eunnamed: unused

=unnamed 3 unused
»
aEEEmEny

input
input
input
input
input
input
input
input
input
input
input
input
input
input
output
output
output
output
input
input
input
input
input
input
output
input
input
input
input
input

active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high
active-high

L-===1

[used]
[used]
[used]
[used]
[used]
[used]
[used]
[used]
[used]
[used]
[used]

[used]
[used]
[used]
[used]

[used]

active-high [used]

active-high
active-high
active-high
active-high
active-high



pinmux driver

[device tree (dts)] [ pinctrl-rzg2l.c J

‘;:[ gpiolib.c ]{

V

User Space

T priority up ! priority down



libgpiod Example

e Ubuntu 24.04 (Kakip official way)

Install libgpiod utilities (v1.7)
5” $ sudo apt install libgpiod

Install libgpiod for development (C code)
$ sudo apt install libgpiod-dev

e Yocto Dunfell (3.1) => doesn’t support
e Yocto Scarghgap (5.0)

Tum_on o Add libgpiod package to distro conf of meta-layer
f_gp'O?fet gpiochip0 79=1 conf/distro/<distro>.conf
urn o

# aoi iochip0 79=0
gpioset gpiochip IMAGE_INSTALL:append =

libgpiod libgpiod-tools




Implementin

Current configuration

v 1x12C
v 1x UART
v 2x PWM
v 1x SPI

multi-function

33V-0  33Vd0 2
R57 R58 CcNG
1.8K 1.8K TSW-120-07-G-D
] sav.ewR. 5V_PWR |2
s 3 1 lspi02/sDA | 5v_PWR |
5 6
~—{¢RiosrscL | - R,
GPIO4 PIO14/TXD]
S { GnD PIO15/RXD] 2
11 —— | 1)
GPIO17 GPIO18/PCM CLK
13 ] GPio27 GND 4
151 GPIo22 GPI023 |18
71 33v_PWR GPI024 18
19 {fepio10MosT GNp 22
21 lpiogmiso I - =SRI2% 22
22 {GPIO11ISCK y ( GPIOBICEO 24
25 |\ 26
GND I GPIOT/CE1y
27 1 GPIOO/AD_SD “GPIOTID. SC |28
2 GPI05 e 2
= PIO12/PWMO |22
RICHITERN
33 '(-5PI01 3/PWM1‘ GND -4
35 | riotaPem FS GPIO16 |28
37 1 GPioze GPI020/PCM_DIN |22
39 | Gnp GPI021/PCM_oUT |42
77 77
GND GND



Multi-function - UART

Add pinmux and SCI node to dts
loop-back testing

o TX4mRX
Baudrate testing

o 9600bps
o 115200bps

o 2Mbps
Device communication




Multi-function - SPI

Add pinmux and SPI node to dts
loop-back testing

o MOSI <-> MISO (spidev_test)
(kernel/tools/spi/spidev_test.c)
Speed testing

o 5MHz
Device communication

e-paper

12106 Kl

Sun Mon Tue Wed Thu Fri Sat.




e R R . 2 R R R RRBRRRRERRBBRPBRBEBBEEESEZE©ESSS
root@localhost:/home/ubuntu#

root@localhost: /home/ubuntu# 1s

jd79661-epd-image-kakip.c jd79661 test flash jd79661 test flash old AP >O—=F F¥TL=F FRI72b97 FFaxryh

root@localhost: /home/ubuntu# D

ETd EJFy 2a=3v9

1>
=

Live Demo!!!

2.13" E-Paper with SPI




Multi-function - PWM

e Add pinmux and PWM node to dts
e Renesas does not support PWM driver

o backport gpio-pwm driver

Frequency/duty cycle testing

o 1500us (667H2z)

o 0% ~ 100% duty cycle
Device communication

LED light



chip address: 0x50

EEPROM
AT25x

SCL

Multi-function - 12C

e Add pinmux and 12C node to dts

e Port simple I12C driver by Renesas
5d99348 d799f0f b94da68

e Access testing using i2c-tool

o i2cdetect
o i2cdump
o i2cset
o i2cget

e Device communication


https://github.com/YDS-Kakip-Team/kakip_linux/commit/5d99348220d0f4359787a3152e2500790fb0f69f
https://github.com/YDS-Kakip-Team/kakip_linux/commit/d799f0fe50b24614ae6b7f78c23ea4f62f9697ad
https://github.com/YDS-Kakip-Team/kakip_linux/commit/b94da68b70f7907f1face7198d38cfa318ea8f11

Implementing DTBO




Observing Raspberry PI

pi@gps-pie ~

File Edit Tabs Help

P1 Camera Enable/Disable connection to the
P2 SSH Enable/Disable remote command lin
P3 VNC Enable/Disable graphical remote a
P4 SPI Enable/Disable automatic loading
P5 Izc Enable/l)lsable automatlc loadmg

P7 1W1re Enable/Dlsable one- ulrelnterface

P8 Remote GPIO Enable/Disable remote access to G
<Select> <Back>

| ry Pi Software Configuration Tool (raspi-config) !

_ a

Running on First boot, or in the rootfs manually

PI config
6UT

restore

config.txt

=~ bootloader

- = = = — -

r

load
uart.dtbo

boot up with
uart enabling




Design an architecture for Kakip

set

get

function

! load dtbo |

bootargs )
environmentJ

kernel 1\

dtbo list\4
pwm.dtbo

spi.dtbo

Ubuntu/Yocto
rootfs

libubootenv

v

A

fw_printenv

fw_setenv

\

Steps

U-boot
o Add dtbo loading function

o Change the bootargs environment
Kernel

o Implement all dtbo files
Rootfs (Ubuntu/Yocto)

o Install libubootenv package

o Setting the config file



U-boot change

e Add dtbo loading function

1. Modify path: include/configs => kakip header file
2. defconfig: CONFIG_OF_LIBFDT_OVERLAY=y

I Normal boot ]

boot_fdt_overlay

[Load kakip dtb addressJ

increase 8KB size

[resize store space in memory
[ load dtbos address ]

for loop \ /

[apply the dtbo to dtb address}————-"

e Change the bootargs environment

bootargs
environment

N

o)

uSD card
SEEE—

“CONFIGENVEISZINCZSPI-FEASH

U-boot

boot
partition

rootfs

\ Pa rtition

{ uSD card \

)
U-boot

boot
partition

rootfs

\ Partition )

AN é{ QSPI—FLASH‘
boot S

e ronment

QSPI-FLASH

CONFIG_ENV_SIZE=0x4000
CONFIG_ENV_OFFSET=0x400000
CONFIG_ENV_IS_IN_MMC



U-boot demo

place dtbo files in /boot directory in rootfs
boot into u-boot prompt
enabling device tree overlay function
=> setenv boot_fdt_overlay yes
4. assigning overlay files what you want to loaded
for example: overlay spi0
=> setenv fdt overlay files kakip-es1-spi0
for example: overlay pwmO and pwm1
=> setenv fdt_overlay files kakip-es1-pwmO kakip-es1-pwm1
for example: overlay i2c10, pwm0, pwm 1
=> setenv fdt_overlay files kakip-es1-i2c10 kakip-es1-pwmO kakip-es1-pwm1
5. Issue command to boot into rootfs after assigned
=> boot

wh ~

Note that it has memory retention, so you don’t need to apply the same
settings every time you boot.



Kernel change

e Add dtbo loading function

o commits: 15b88d6 44a18a0 c9caabb 9d4c10c 3fc9d2e
e Implementing dtbo files

kakip-esl-pwm@.dtbo
kakip-esl-pwml.dtbo
kakip-esl-pwm@.dtbo
kakip-esl-sci5-to-gpio.dtbo
kakip-esl-spi@.dtbo
kakip-esl-imx462.dtbo
kakip-esl-imx219.dtbo
kakip-esl-i2c¢10.dtbo



https://github.com/YDS-Kakip-Team/kakip_linux/commit/15b88d65a0deed4bf7135ff96764c7f5f1710cae
https://github.com/YDS-Kakip-Team/kakip_linux/commit/44a18a02659579d03fb9cad87476f8538d3856b1
https://github.com/YDS-Kakip-Team/kakip_linux/commit/c9caa6b95bf4d5e39ff003e3608363d46e1ca8d3
https://github.com/YDS-Kakip-Team/kakip_linux/commit/9d4c10cbd63689460210080275a698d206afa9cd
https://github.com/YDS-Kakip-Team/kakip_linux/commit/3fc9d2e275f8408784926a5c64acadf044f8898a

rootfs change

e Add libubootenv package
e Add environment access config file

Ubuntu

$ sudo apt install libubootenv-tool
$ sudo vim etc/fw_env.config
/dev/mmcblk0 0x400000 0x4000

Yocto

Add a new recipe

DEPENDS = “u-boot-fw-utils”
SRC_URI = file://fw_env.config

fw_env.config content
/dev/mmcblk0 0x400000 0x4000

e U-boot overlay

(@)

Pros:
can use in u-boot prompt directly

Cons:
Need a debug console

e libubootenv overlay

©)

Pros:

Easy to use without debug console
such as ssh, GUI terminal with
keyboard, etc.

Cons:
Need tweak rootfs



libubootenv demo

1. boot into Ubuntu or Yocto operating system and login.
2. Issue command to checking the bootargs status
$ sudo fw_printenv
... ignore ...
boot fdt overlay=no
... ignore....
fdt overlay files=kakip-es1-spi0
... ignore ...
3. enable overlay function
$ sudo fw_setenv boot fdt overlay yes
4. change the overlay files
for example, enabling SPI function
$ sudo fw_setenv fdt_overlay files kakip-es1-spi0
for example, enabling spi0, pwmO and pwm1
$ sudo fw_setenv fdt_overlay files ‘kakip-es1-spi0 kakip-es1-pwmO0 kakip-es1-pwm1’
5. lIssue the reboot command, then overlay function will be auto stored
$ sudo reboot
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Yocto Scarthgap traveling

From Origin to Today



Yocto Overview

e A build system for creating custom embedded Linux distributions
e Based on Open-Embedded, using BitBake as the core task
e Focused on reproducibility, modularity (layers), and flexibility

-~
' Application < Weston Desktop, custom user applications
J

4
User-Space | « glibc, busybox, systemd, libraries, etc.

BSP « Customizable U-boot / Linux kernel

. L \
H265 Video {

toolchain « Cross compiler (poky-gcc, binutils, libc)

recipes « .bb / .bbappend build instructions

meta-layer | < Layers: meta, poky, meta-oe, meta-vendor.,...

N L Y | G 1\

Y TN

Running Yocto Dunfell on Kakip

bitbake J « Task execution and dependency manager




Yocto 3.1 (Dunfell) vs 5.0 (Scarthgap)

Dunfell Scarthgap
Release Date Apr. 2020 Apr. 2024
LTS Support Apr. 2024 (EOL) Apr. 2028
GCC Version 9.3 13.2
Kernel Reference 5.10 and above 6.1 and above
YES NO,

| implemented a Kakip
meta-layer using the
community version.

Vendor Support

GPU/VPU/NPU support YES NO

libgpiod, glmark, libubootenv NO YES




Setup Yocto Dunfell

Download the source code

$ git clone https://bitbucket.org/mqgit/mq-kakip-yocto-bsp-manifest.git -b renesas-linux-
dunfell
$ cd mq-kakip-yocto-bsp-manifest

Add meta-layers and source the environment

Read the README.md in the repo

Compile the core image (Weston Desktop version)
$ MACHINE=rzv2h-evk-ver1 bitbake core-image-weston

Output image path:
$ <source folder>/build/tmp/deploy/images/images/rzv2h-evk-ver1/core-image-weston-
rzv2h-evk-ver1-20250410102412.rootfs.wic.gz




Make Dunfell image for Kakip

Download kakip's compile compile
u-boot/kernel kernel GPU/VPU modules

[ Zompile ] ( Dunfell \L
u-boot oge 7 rootfs )
¢ éf///f replace kernel image
flash u-boot replace kernel modules
image to Image replace dtb

\Eepluce dtbo 7




Setup Yocto Scarthgap

Download the source code

$ repo init -u https://bitbucket.org/mqgit/mq-kakip-yocto-bsp-manifest.git -b renesas-linux-
scarthgap-community -m rz-5.10.145-1.0.0.xml

$ repo sync

Compile the image
$ MACHINE=kakip-rzv2h DISTRO=kakip-wayland source kakip-rz-setup-release.sh

Compile the minimal image (Terminal version)

$ bitbake renesas-image-minimal

Compile the minimal image (Weston Desktop version)
$ bitbake renesas-image-demo

rootfs path:
$ <source folder>/build/tmp/deploy/images/kakip-rzv2h/renesas-image-demo-kakip-
rzv2h.tar.gz




Make Scarthgap image for Kakip

Download kakip's
Ubuntu Image Scarthgap
¢ rootfs.tar.gz
[ ok jM}mpressing ‘%

rootfs partition

_
weston version on Kakip

Terminal version on Kakip
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Future Work

DTBO Can Actually Be Improved Further



Overlay improvement

e Current kernel

o Kernel 5.10 [Classic device tree over'lo)j 2015

fragments method
o dtbo type: Fragments method

J;rom kernel 3.19

e Future work
[ NEW device tree overlay ] 2018

o Upgrade to Renesas CIP kernel 6.1 device tree method

. from kernel 4.8
o dtbo type: change to device tree method J/

o Backport dtso commits for overlay function
[ to dtso

Rename overlay source file
/ ] 2022

from kernel 6.2



O

Welcome to try it
U-boot: https.//github.com/YDS-Kakip-Team/kakip_u-boot
Kernel: https://github.com/YDS-Kakip-Team/kakip_linux

Thank You!



https://github.com/YDS-Kakip-Team/kakip_u-boot
https://github.com/YDS-Kakip-Team/kakip_linux
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