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Ning Qu
Associate VP of Engineering at NIO, Global Head of Platform Software 

team (SkyOS). 

SkyOS is comprehensive suite of platform software (including hypervisor, 

operating systems, and middleware) for Software Defined Vehicles, first 

announced at NIO IN 2023. 

Prior to NIO, veteran in the autonomous driving industry

leading Waymo's ML Runtime team and Baidu Apollo OS team.

B.S. and Ph.D in compute science from Peking University, Post-doc 

researcher at Carnegie Mellon University.
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Automotive industry evolve into Smart EV + AI era

Mechnical
Era

Electric 
Era

Digital 
Era

Smart EV 
Era

AI
Era

No OS or Minimum OS
Component based OS ？



For functional vehicles
OS is primarily tailored for component suppliers

A type of ‘acceptance criteria’ that 
OEMs impose on component 
suppliers.

Adapt into OS for vehicle domain 
(e.g. digital cockpit)

OS is introduced to enhance the reusability of components



Software are developed for each ECU domain

Fragmented and Disconnected

Smart Digital CockpitADAS/AD Smart Vehicle Control

Chipset B

Software Stack B

Team B

Chipset A

Software Stack A

Team A

Chipset C

Software Stack C

Team C



Technical Level Org Level

Transition EE Arch from
Distributed Computing arch into 

Centralized Computing arch

Redesigned based on SOA:
Cross-domain scheduling 
Seamless cross-domain 

integration

High Reliablity
Low Latency 

and High Bandwidth

Chipset Support 
Toolchain 

Break ECU domain boundaries 
==

 Break departmental boundaries

Shift in supply chain cooperation model

What sets SkyOS apart as full domain vehicle OS



An unified vehicle OS that: 
consolidates and orchestrates computational resources 

while efficiently managing and integrating all subsystems

SOA Framework FOTA DCL Security & Safety Network（Protocol Stack、TSN……） AI Capability ...

SkyOS·R

Connected EV

Vehicle-Cloud Network Management

V2X Vehicle-Swap Station
…

Vehicle Control

Body Control Chasis Control

Motion Control Power Management
…

ADAS/AD

Perception

Planning

Localization

Control
…

Digital Cockpit

Voice Interaction

Map/Navigation

Multi-media

Driver Monitoring
…Apps

SkyOS 
Middleware

SkyOS 
Kernels

Drivers

HW

SkyOS 
Virtuilziation

SkyOS·MSkyOS·L

SkyOS·H Optimized for multiple scenarios, 
high performance, high reliability VMM

Design for Rich Scenarios,
Highly optimized for 

High performance and Reat-time OS

Based on micro-kernel arch
High Safety, High reliability, Real-time

Light-weight, High Reliability,
 Hard Reat-time OS

Deep Customized 
based on Android

HAL (Cameras, Radars,Lidars, Ethernet, Storage….)

Chipset (MCU, CPU, GPU, NPU...)

SkyOS·C

…



NT 1
NT 2

NT 3  (latest)

� A Subset of  Middleware

� From 2022, SkyOS-L/C/R, 
shipped with NIO NT2 
platform across 8 different 
vehicle models

� From Q3 2024, full suite of 
SkyOS roll out with NIO NT3 
platform, including 10+ 
vehicle models in the future

Production Timeline of SkyOS

Deployments：

-  Over 600K+ NIO vehicle deployed to date

-  Rapid expansion continues with both NIO and sub-brand ONVO
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ONVO L60 equipped with seL4 based OS

Mass production in Sep, 2024



How seL4 aligns into NIO’s long-term vision.

Vision of SkyOS-M: 

- Deliver a state-of-the-art safety vehicle OS with best-in-class performance and reliability.

- Support a wide feature spectrum for various application scenarios: vehicle body control, cockpit, 

edge AI, as well as autonomous driving.

Leveraging seL4’s proven strengths in safety-critical systems and formal verification.



Developing SkyOS-M based on seL4

2021-2022
2022-2024

Beyond 2024

 Kickoff

- Formed small taskforce: 
started with 2-3 ppls

- Build PoC on top of seL4

Production Efforts

- Grow team into ~40 ppls
- Designed full-fledged of 

SkyOS-M arch for NT3
- Deliver E2E on all NT3 

platform requirements

SUD and Beyond

- Expand  into additional safety 
scenarios/domains

- Strengthen reliability
- Enhance performance and 

usability
- ….

Timeline and milestones for the SkyOS-M development.



Challenges of developing SkyOS-M

Process Server

Memory 
management

Device Server

FS Server

Network Server

…

Develop essential
 core OS service
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Support necessary Posix interfaces

Challenges of developing SkyOS-M

Process Server

Memory 
management

Device Server

FS Server

Network Server

…

Process & 
Threads

FS

Signals

Sockets

IPC

…
Tooling & 

SDK Support

(sys monitoring, 
logging, etc)

Develop essential
 core OS service

Support a necessary 
subset of  Posix interfaces

A shortage of developers 
experienced with microkernel-based systems 

presents an ongoing challenge



Hierarchical safety design implemented from the ground up …

OS service

4 Tier Monitoring + 3 Tier of Recovery System

SafeHub

Micro-kernel

Chipset

Monitoring + Recovery

Monitoring + Recovery

Monitoring + Recovery

Monitoring



SkyOS-M Architecture
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This is just the beginning …

SkyOS’s long-term vision within the broader SDV landscape.

- Expansion of microkernel-based architectures in more automotive domains

- How seL4 and SkyOS will adapt to next-generation vehicle platforms.



Future considerations

- Extending SkyOS-M with seL4 beyond the current vehicle body control to additional domains

- Performance optimization and capability expansion 

- Safety certification for core services

CPUs

(RISC-V, Arm-V9)

Rust

AI Runtime

Real-time

Scheduling

AD Libs
Driver

(PCIe, SSD, USB,  …)

OS Server 

Recovery

PM: STR

Tooling

(GDB, MM leak …)



Opportunities for seL4 Community Collaboration

Looking ahead, excited to foster deeper technical collaborations with broader seL4 ecosystem.

Proud of our active contributions to the open-source seL4 community:

- Premium member of seL4 Foundation 

- Silver Sponsor for seL4 summit since 2023

- Sponsor of Lion OS initiative



Thank you!

http://www.youtube.com/watch?v=WEr_sNp7XLM


Q&A


