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What is the Gateway
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What is the Gateway
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Performs AI inference at the edge;

Same as IoT, but often cameras, 

microphones for AI inference.

Protocol: V4L2, ALSA

Application: "Smart" edge computing

AIOT Gateway

Connects OT (Operational Tech) 

with IT (Information Tech) systems. 

Connect PLCs, SCADAs, CNCs, legacy 

industrial equipment.

Protocol: Modbus, OPC-UA

Application: Factory

Industrial Gateway

Connects end devices/sensors to the Internet

Connects Various sensors, wearables.

Protocol: BLE, MQTT, Zigbee

Application: Basic edge computing

IOT Gateway

Acts as a single entry point for cloud services; 

manages & authenticates connections.

Receives data from IoT/AIoT gateways or directly 

from devices.

Application: International data transferring

Cloud Gateway



Make an Ubuntu rootfs with 
lightweight desktop
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Platforms

● WAFER-IMX8MP
○ NXP IMX8MP

○ CPU: Cortex-A53 + Cortex-M7

○ GPU: Vivante GC7000UL

○ NPU: VeriSilicon VIPNano-SI+.8002 (2.3TOPS)

● FRDM-IMX93
○ NXP IMX93

○ CPU: Cortex-A55 + Cortex-M33

○ GPU: N/A

○ NPU: ARM Ethos-U65 microNPU (0.5TOPS)

● RZ/T2H EVK
○ Renesas RZ/T2H

○ CPU: Cortex-A55 + Cortex-R8

○ GPU: N/A

○ NPU: N/A
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Debootstrap

● Definition: A command-line tool used to 

install a minimal but fully functional Debian, 

Ubuntu, or derivative base system into a 

specified directory.

● Ex: ARM64 Ubuntu 24.04 minimal rootfs

$ sudo apt update

$ sudo apt install debootstrap 

$ sudo apt install qemu-system-arm qemu-user-static

$ sudo debootstrap --arch=arm64 --

keyring=/usr/share/keyrings/ubuntu-archive-

keyring.gpg --verbose --foreign noble rootfs

$ sudo cp /usr/bin/qemu-aarch64-

static rootfs/usr/bin

$ sudo LANG=C chroot rootfs 

/debootstrap/debootstrap --second-stage

tarball the rootfs.tgz from rootfs folder
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Live-Build

● Bootstrap： This is the initial phase of 

populating the chroot directory with packages 
to make a barebones Debian system

● Chroot： completes the construction of 

chroot directory, populating it with all of the 
packages listed in the configuration, along 
with any other materials. Most customization 
of content occurs in this stage

● Binary： builds a bootable image, using the 
contents of the chroot directory to construct 
the root filesystem for the Live system, and 

including the installer and any other additional 
material on the target medium outside of the 
Live system’s filesystem

● Ex: ARM64 Ubuntu 24.04 minimal rootfs

$ sudo apt update

$ sudo apt install live-build

$ sudo apt install qemu-utils qemu-system qemu-user
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ARM32 V.S. ARM64

● On WAFER-IMX8MP platforms, the 

performance of the ARM64 rootfs is about 

30% better than that of the ARM32 rootfs.
○ ARM64 inference FPS using TF-Lite: 24FPS

○ ARM32 inference FPS using TF-Lite: 16FPS

● Raspberry PI face this problem before

● Why we need ARM32 rootfs?

For some special case such as.....
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# from reddit

# from Phoronix

https://www.phoronix.com/review/raspberrypi-32bit-64bit


LXQt Desktop

● Necessary packages in qemu environment
○ $ apt -y install lxqt (1.4.0)

○ $ apt -y install slim

● Auto login configuration (in qemu as well)
○ $ sed -i 's/#auto_login\s\+no/auto_login yes/' /etc/slim.conf

○ $ sed -I 's/#default_user\s\+simone/default_user ubuntu/' /etc/slim.conf
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AIoT with NPU accelerations
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Backport upstream IMX8MP NPU driver

● Special thanks...
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Tomeu Vizoso

NPU driver Engineer

Maintainer for RK3588, IMX8MP NPU upstream driver

IMX8MP etnaviv driver

Upstream Kernel 6.10 backport to

Vendor Kernel 6.6.23

drivers/gpu/drm/etnaviv/etnaviv_gpu.c



Library porting - IMX8MP NPU

● MESA 3D – TensorFlow-Lite Delegate
○ Meson build (1.3.2)

○ TensorFlow Lite 2.13

○ python 3.10 
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ARM32 rootfs need tweak the source code

https://docs.mesa3d.org/teflon.html#do-some-inference-with-mobilenetv1


TensorFlow-Lite demo

● https://github.com/tomeuv/TensorFlow-Lite-Object-Detection-on-Android-and-Raspberry-Pi/tree/teflon-demo

● Command:

$ export CAMERA_NUM=3

$ python3 TFLite_detection_webcam.py --modeldir=./ --edgetpu

(adopts coco_ssd_mobilenet_v1_1.0_quant model)
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https://github.com/tomeuv/TensorFlow-Lite-Object-Detection-on-Android-and-Raspberry-Pi/tree/teflon-demo


Library porting - IMX93 NPU

● Not an upstream driver, it's propietary driver

● Necessary repos (Kernel 6.6.36)

○ Vela 3.12.0

○ TensorFlow Lite 2.16

○ Python 3.12

○ ethosu_delegate 3.16

○ ethos-u-firmware

17



TensorFlow-Lite demo
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Single software stack for IMX8MP and IMX93

● Ubuntu 24.04

○ Default is python 3.12

○ Manual install python 3.10 in qemu environment

# add-apt-repository -y ppa:deadsnakes/ppa

# apt -y install python3.10 python3.10-dev python3-pip 

○ Install specific packages using pip3 tool

# python3.10 -m pip install --break-system-packages 

<target package==version>

# python3.12 -m pip install --break-system-packages 

<target package==version>
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MCU develop environment
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An e-paper example for IMX93

● Cortex M33 MCU belongs to ARM32
○ Toolchain

■ Development on host PC
arm-gnu-toolchain-12.2.mpacbti-rel1-

x86_64-arm-none-eabi.tar.xz

■ Development on FRDM-IMX93
arm-gnu-toolchain-12.2.mpacbti-rel1-

aarch64-arm-none-eabi.tar.xz

○ Prepare FreeRTOS source code

■ Write example code and Makefile

$ export ARMGCC_DIR=/opt/m33/toolchain

$ cd <source directory>

$ ./build_release.sh

output file: e-paper.elf
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https://github.com/open-EPD/frdm-imx93_m33


Demo

Assign elf load path and filename

$ echo -n /home/ubuntu/ > /sys/module/firmware_class/parameters/path

$ echo -n e-paper.elf > /sys/class/remoteproc/remoteproc0/firmware

Running / Stop the elf program

$ echo -n start > /sys/class/remoteproc/remoteproc0/state

$ echo -n stop > /sys/class/remoteproc/remoteproc0/state
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Conclusion and future work

23



Conclusion

● Generate Ubuntu/Debian rootfs methods

○ Debootstrap: Easy, but need write the build architecture

○ Live-Build: Difficult, but more flexible for large architecture

● ARM64 platform

○ The performance of ARM64 rootfs is better than ARM32 rootfs

○ LXDE, XFCE, and LXQt comparison:

LXQt is the best compatibility and stability.

● NPU

○ TOPS is not the sole indicator of performance, the optimization of NPU 

drivers and libraries also plays a critical role.

▪ IMX8MP (2.3 TOPS): peak 24 FPS => But the good news is.....

▪ IMX93 (0.5 TOPS): peak 40 FPS
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Our Ubuntu BSP

● Download link
○ https://github.com/QNAP-android-internal/ubuntu-classic-imx.git

● Compile command
○ WAFER-IMX8MP: make rootfs PLATFORM="wafer-imx8mp"

○ FRDM-IMX93: make rootfs PLATFORM="frdm-imx93"

○ RZ/T2H EVK: WIP
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Ubuntu 22.04
Ubuntu 24.04

LXQt
XFCE4
Weston

armhf
arm64

https://github.com/QNAP-android-internal/ubuntu-classic-imx.git


Future work

● Keep improving Ubuntu BSP

○ Build rootfs tarball Build runtime image

○ Dynamically switch between mainline and vendor kernel

○ IMX8MP: Keep backport the mainline driver

○ IMX93: Observing the mainline driver => Good news from 7/23

● More platform support

○ RZ/T2H EVK

○ Other low cost platforms
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https://lore.kernel.org/dri-devel/20250722-ethos-v1-0-cc1c5a0cbbfb@kernel.org/T/#me459a9016314f288b97310541b238681ce1073fb


Thank you!!!
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