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Chinese operating systems start to work hard

Automotive Operating System Market Dynamics in China, 2023 (Partial)

Chinese Operating Type Adapted Dynamics in 2023
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Xiaomi HyperOS

Xiaomi HyperOS Architecture

For example, Xiaomi, NIO, etc. have
launched vehicle operating systems,
and providers such as iSOFT and ZTE
have strengthened real-time, security
and other functions of operating system
microkernel.

In October 2023, Xiaomi launched its
self-developed HyperOS, with the
underlying layer uses fusion of Linux
and Vela kernels, middleware access to
Al subsystem, setting priorities in
multitasking process, and adopts level
scheduling to improve operating system
processing efficiency.

In terms of ecosystem, Xiaomi has
created the CarloT ecosystem, which
connects Internet loT and automobile
field, realizing concept of "full
ecosystem of people, vehicle and
home".
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iISOFT EasyAda microkernel

In middleware, AUTOSAR is still one of choices of most
OEMs for vehicle control and autonomous driving. But it is
not fully adapted to domestic chips, and feedback time of on-
site communication processing is longer, which can't fully
meet requirements of auto companies, resulting in partial
providers and OEMs researching their own microkernel and

iISOFT's EasyAda Microkernel Architecture

middleware. In May 2023, China Association of Automobile
Manufacturers (CAAM) formally released the first microkernel
open-source project of China Automotive Operating System
Open Source Plan, which plans to realize independent
automotive OS based on open source microkernel and
gradually replace QNX in 2025. Among them, iSOFT
provided open source microkernel using the Mulan Public
License (version 2); SemiDrive Technology provided G9X
chip.

EasyAda microkernel provided by iSOFT can provide secure

kernels for various chip platforms and application scenarios.
For automotive field, iSOFT has implemented corresponding
real-time improvement mechanisms for microkernel. For
example, priority-based preemption mechanism for large-
scale calculations of autonomous driving, preemption
scheduling strategy of microkernel, as well as integrated
algorithm, interrupt, delay mechanism and other technical
means can improve microkernel to break through real-time
and performance requirements.
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OEMs: three methods to realize vehicle operating systems

Automotive OS Evolution Route
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Three methods to implement vehicle operating system

As EE architecture evolves towards a centralized computing architecture, software systems begin to move
towards an SOA architecture, where operating systems begin to progress from domain-type to vehicle-level.

SOA-based vehicle operating system integrates functions of cockpit OS, intelligent driving OS, and safety vehicle
control OS via central computing platform to provide vehicle-level platform with a set of programming interfaces.
Characterized by layered decoupling and unified architecture, it improves development efficiency of auto
companies via providing unified interfaces. Vehicle operating system realizes functions scheduling and integration
in various domains of the vehicle by centrally scheduling hardware resources and computing power.

According to ResearchInChina, there are three methods to implement vehicle operating system:

Three Methods of Vehicle Operating System Realization

Method Vehicle OS Type OEM Representative
1 Vehicle OS5 and chips are self-developed AITO (Huawei), Tesla
2 = Vehicle OS5 is self-developed; NIO, Xiaomi, Li Auto, Xpeng
= Chips provided by vendors. Motor, Leap Motor, etc.
3 = Chip, underlying OS5, middleware Other OEMs

(partial) provided by vendors;
= Middleware (partial), upper layer
application self-developed.

Source: ResearchinChina
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Method 1, Huawei: Huawei IDVP Solution

In April 2023, Huawei launched iDVP Intelligent
Digital Vehicle Platform (i.e., vehicle operating
system), which is a digital base designed based

on SOA architecture, integrating functions of Cloud

Huawei's various domain operating systems service APP

(AOS, HOS, and VOS), and realizing

decoupling of software and hardware through Application

atomic service layer, thus realizing rapid

adaptation for cross-model development_ Cockpit application  Intelligent driving application Mative application (HUAWE xMation)

Basic Software Platform
S0OA service Basic management framework  VOS/AOS

In 2023, representative model were AITO M9
and Luxeed S7, whose Toulin chassis is
developed based on IDVP and realizes e B o e I R e o TSI ERIEe
centralized and collaborative control of vehicle
driving, braking, steering, and suspension
through native applications such as HUAWEI Controller / Actuator
xMotion configured with iDVP. In 2024, iDVP
platform is scheduled to launch seven vehicles.

Communication and Computing Platform
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NIO SkyOS

Method 2, NIO:

In September 2023, NIO released vehicle operating system "SkyOS", using self-developed microkernel and
Hypervisor to replace QNX kernel service. SkyOS is divided into four modules, of which SkyOS-M module is based
on a self-developed microkernel and has strong real-time performance and security. Its microkernel architecture is
equipped with Hypervisor system for cockpit-driving integration, which is installed on NIO NT 3.0 platform; SkyOS-L
module uses a self-developed middleware platform to replace AUTOSAR solution.

During OS development, NIO has released a number of technologies, including those for realizing task scheduling
on multi-core processing system and improving task scheduling efficiency. Among them, multi-layer scheduling
model is adopted for scheduling target tasks on multi-core processing system. equipped with fair round robin
algorithm/most idle priority algorithm, etc., the vehicle operating system is able to coordinate hardware resources
(computing power, sensors) under different working conditions by means of perception function groups.

Processes for Scheduling Target Tasks on Multi-core Processing System
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Comparison of Multitask Scheduling Methods in Linux, Harmony, and SkyOS

Linux, Harmony, SkyOS and other operating systems use different scheduling methods for multitasking, and
evolved from initial unified scheduling to multi-layer scheduling, which improves processing efficiency, as well as
security performance.

Comparison of Multitask Scheduling Methods in Linux, Harmony, and SkyOS

Unified scheduling No priority
}.o - Adopt dynamic
monitoring + intelligent
HarmonyOS | Level scheduiing R

Sky OS-Fix I RN

Source: ResearchlnChina
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Volkswagen VW.OS

Method 3, Volkswagen:

Volkswagen VW.OS consists of SDK
(Software Development Kit), reference
applications, software components and
configuration  tools for embedded
software and cloud connectivity. By
working in conjunction with VW.AC and
BigLoop, it forms a vehicle software
development platform that realizes
conversion of distributed to centralized
processing methods and achieves a core
architecture reduction to three in-vehicle
central processors.

As of February 2023, some Porsche and
Audi models already carry partial
components of VW.OS 1.2 (including
software updates, cloud-based data
transfer, diagnosis, and data
accumulation), and Volkswagen plans to
roll out the full software platform as
version 2.0 in 2025, with partners
including BlackBerry and Microsoft.

VW.0S Architecture
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Cooperation

Providers: building an OS ecosystem

OS large-scale application requires the support of a strong ecosystem. In 2023, while actively implementing vehicle operating systems,
automotive OS providers will also increase expansion of OS ecosystem, including adapting to more domestic chips and establishing
more upstream and downstream partners.

Upstream/downstream cooperation:

ThunderSoft: worked closely with its subsidiary DISHUI Zhixing and Lingang section of Shanghai Pilot Free Trade Zone to set up a
vehicle R&D base; in addition, ThunderSoft and Cariad, a subsidiary of Volkswagen, established Carthunder as a joint venture to
cooperate in the fields of intelligent connectivity, intelligent cockpit, and operating system.

ArcherMind Technology: established a strategic partnership with EB in AUTOSAR.
Chip:

ThunderSoft: ThunderSoft is deeply bound to Qualcomm chips. For example, it has achieved stable operation of the LLaMA-2 13 billion
parameter model on edge devices equipped with Qualcomm 8 series chip platforms, and improved competitiveness of vehicle platform
products through Al large models.

ArcherMind Technology: In 2023, ArcherMind Technology built a Hesper OS software platform solution for J5 and J6 based on Horizon
TogetherROS.Auto platform. This solution adds SOA functions based on FusionDrive functions. In addition, ArcherMind Technology
signed a cooperation agreement with NVIDIA to become its ecosystem software partner, providing intelligent driving vision solutions
based on Orin and Xavier chips to intelligent driving-related companies.

Build a developer ecosystem: Huawei, for example, launched HarmonyOS NEXT and provides middleware and tool chains for
developers.

n.s..ruilncil.. www.researchinchina.com report@researchinchina.com 11
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Development History of ThunderSoft Vehicle OS
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