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1 Ih&EM#E R FUNCTIONAL OVERVIEW

MMARSE (ZCMuNiu ) ARFERFEHRE SRR, RUETENEBBGFLERRTER.
%= @5 % AUTOSAR., OSEK FEFR#SE, HE T AUTOSAR ARTOP 2K EMHEEE TR,
REBIERSG OS ARM CORTEX R52+ = m2ERAFAE S NER AR LN BRIERS

(RTOS) . fF& AUTOSAR HISE i E X HYa] fR4g PSS (Scalability Classes, SC) PRERHIEHB
EE, UXIFARASILFLENARE REXFASIL-DFRNA.

ZC.MuNiu provides a comprehensive basic software platform solution for the development
of automotive electronic control units. This product refers to international standards such as
AUTOSAR and OSEK, and has configuration tool based on the AUTOSAR ARTOParchitecture.
ZC.MuNiu Operating System (OS) product is a embedded real-time operating system (RTOS)
suitable for automotive electronic control units. It conforms to the full set of functionalities
required by the Scalability Classes (SC) defined in the AUTOSAR specifications, and includes
functional safety features such as memory protection, timing protection, service protection, and
stack protection as defined in the SC4 functionality set. ZC.MuNiu Operating System (OS) can
also support the coexistence of applications with different ASIL levels, with the highest support

for ASIL-D level applications.

Non-trusted OS-Applications, with protection enabled
SW-Cs are allocated to OS-Applications (1 or more)

. jata
Basic Software - (buffer used by
RTE for IPC)

ECU-Hardware

(From {AUTOSAR_EXP_FunctionalSafetyMeasures.pdf) )
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2 [ f4%iE APPLICATION FIELD

REBRIERS OS ARM CORTEX R52+ = @] i FAFE R Fisslss = mA L. flan:
MuNiu Operating System OS ARM CORTEX R52+ product can be applied to the

development of automotive electronic control units. For example:

> FTREIRE EIEHIRR(VCU)
Vehicle Control Unit for new energy vehicles (VCU)
> BilEHEER(MCU)
Motor Control Unit (MCU)
> HEIE RS H R (BMS)
Battery Management System (BMS)
> BTN EEEHEREPS)
Electric Power Steering (EPS) Controller
> E5EH8(BCM)
Body Control Module (BCM)
> BEEBIN IR RR R e 5 (ADAS Safety Island)
Advanced Driver Assistance Systems (ADAS) Safety Island
> EHE M K I HIE% (Gateway)
Gateway Controller
> BREEMEBHIEGR
Intelligent Braking System Controller
> BTIHERS(EPB)
Electronic Parking Brake (EPB) System
> EoNEERL(EMS)
Engine Management System (EMS)
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3 BCEIFEE CONFIGURATION ENVIRONMENT

REBIER S OS MY ARM CORTEX R52+ R F S R R4 E |
The software configuration for the ARM CORTEX R52+ series chips in ZC.MuNiu Operating

System product is as follows:

ACEIFR
Configuration Environment

Hardware (Chip)

Compilers Supported

Evaluation Hardware

Debugger

Configuration Tools

Configuration Environment

Baengen )R E R Fan

ARM Cortex-R52+

Arm C Compiler 6

Based on ARM Cortex-R52+ EVB

Arm DS IDE 2023.1

Muniu_v5.1.0

Win7/Winl0 64bit
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4 FHXEH = DEVELOPMENT BACKGROUND

AREEER % OS ARM CORTEX R52+7= @5 A& AUTOSAR #1 OSEK (1SO17356-3) #RAE,
XFERAER TESR, XHBL Cluster ZRERLEN, LU TESLAVFARENSHAF
BTALIEAER, ARGELRMRHTREFRE. PR3 LAVEETR, IXARENEE
M, BNERREBRRBNNBSEER, KKERAFES FEHRT LR

ZC.MuNiu Operating System ARM CORTEX R52+ product complies with AUTOSAR and
OSEK (ISO17356-3) standards, supporting multi-cluster and multi-core architectures. ZC.MuNiu
Operating System ARM CORTEX R52+ product implements task preemptive scheduling, and
efficient interrupt processing framework, providing good assurance for system real-time
performance. ZC.MuNiu Operating System ARM CORTEX R52+ product includes configuration
tool that can achieve flexible configuration and tailoring, can automatically generate
configuration source code and application reference frameworks. It can significantly reduce the

development costs of automotive electronic control units.

ARM CORTEX R52+{A R LM X IFEL B LA Cluster, 4 Cluster AT B & ZMIEZL. K
HBEFR 5 OS ARM CORTEX R52+/= @ #F % Cluster 2R, BEMFNEMHEN M.
AREBRER G OS ARM CORTEX R52+ /= @ X 5§ ARM GIC V3.0 AR LM, LI T IEmEHIN
BRATHRHSEHSKE. PR MPMEaiE, ARRET ZREXNM. E5 ARM
CORTEX RE2+AFREMMPIF R, MEFBEE. REBEFXBEXHTMML, H—PRER
SR

The ARM CORTEX R52+ architecture supports the configuration of multiple clusters, with
each cluster containing multiple physical cores. ZC.MuNiu Operating System ARM CORTEX R52+
product supports multi-cluster and multi-core architectures and has excellent hardware
adaptability. ZC.MuNiu Operating System ARM CORTEX R52+ product supports the ARM GIC
V3.0 interrupt architecture, implementing static configuration of interrupt parameters, interrupt
installation, and interrupt routing mechanisms in non-virtual machine modes, effectively
ensuring system real-time performance. By the characteristics of the ARM CORTEX R52+
architecture, key algorithms such as task scheduling and inter-core communication are

optimized to improve system performance.

AREBRIERZ OS ARM CORTEX R52+7/ B & B EH A KR EN AT RIFMA B RIFE
R, TEIMLERZEFEANAFEEEZNFERE, BERZEFHYHAEIERNE T
A, NKHSERS, FRFASZMNEREFTRYARENE L. BERSERIPNE
HAENAXRSEONABEENEREREXNAN, BlENBETXAARTEHRAEMT
KAEFIT A BEELRPYE, SHHESMAERERERE# TINEN, BEES
S E T IR, #—PRERGT M.
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ZC.MuNiu Operating System ARM CORTEX R52+ product has an lightweight memory

protection and timing protection framework, which can effectively prevent low-safety-level
applications from accessing illegal memory areas and prevent unexpected timing behavior in
low-safety-level applications. Thereby achieving fault isolation and enabling the coexistence of
multiple functional safety level applications in the system. The service protection mechanism
determines whether the application's call complies with the rules defined in the standard,
preventing unexpected behavior caused by non-standard implementation. The stack protection
mechanism provides real-time monitoring of the stack usage of tasks and interrupts, preventing

stack overflow in tasks or interrupts, and further improving system safety.

REFEERG OS ARM CORTEX R52+ /= @ o] #H /R EGUH Mz HIae (MCU) IR EREE
o, HREBWIRHRAFERNLE S (Safety Island) HITHREEFIFMLA, BBEHITHEX
SN HRBERE R AN R,
ZC.MuNiu Operating System ARM CORTEX R52+ product can be deeply customized and
optimized for microcontrollers (MCU) in the automotive field, as well as for the safety islands
integrated in controllers. ZC.MuNiu Operating System (OS) product has characteristics of

execution efficiency and flexible code deployment.

AMMB RN E =R WEE T REETFESH. RERKFESSH &8
O M TER, AR EARGEMREXE SR NREN .

ZC actively invests in the adaptation of domestic chips, taking the lead in adapting to the
products of domestic chip manufacturers such as Flagchip and AutoChips Inc. ZC  will
continuously improving the compatibility and support of ZC.MuNiu basic software for domestic

chips.

HMMABEZEHR AUTOSAR EEMHMNA LN BiubEAR, REAMING IR, REW,
BER, PUARIR.

ZC has the core technology of the AUTOSAR basic software. Can provide on-site support
with high quality, fast speed, and low cost.

Baengen )R E R Fan Page5



g0 MR 5 HEM

&0 A Tl 1 Easy to know Easy to do
5 IheEH A FUNCTIONAL DESCRIPTION

5.1 =¥ = Product Feature

» ARTOP M FR#HBEET R, £F4 AUTOSAR 4.2.2/4.3.1/4.4.0 kA

ARTOP architecture upper computer configuration tool, compliant with AUTOSAR
4.2.2/43.1/44.0

> ¥ AUTOSAR SC1. SC2. SC3 FI SC4
Supports AUTOSAR scalability classes SC1, SC2, SC3, and SC4
> SRAYRBTARIRAESR, 3HF ARM GIC V3.0 A
Efficient interrupt processing framework, supporting ARM GIC V3.0 version
> XIFZE Cluster ZIXERE
Supports multi-cluster and multi-core architecture
> BREBARFRP AN ERPAESR
Lightweight memory protection and timing protection framework
> EXAT{E Os-Application 94 77 FI{RIF&E
Comprehensive protection capabilities for untrusted Os-Applications
> EXE[{E Os-Application BT E{R I BE
Optional protection capabilities for trusted Os-Applications
> EHMEIRS

Customized services
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o S | 8 =z | =
] 1] m [} [1]
o o O [ QO
Feature Q w | » | @@ Hardware requirements
OSEK OS (all 71 v v v v
conformance classes)
Counter Interface 8417 R EdE
SWFRT Interface 8418, v v | v Y
8419
Schedule Tables 7.3 v v | v Y
Stack Monitoring 75 v v v | v
ProtectionHook 7.8 R
Timing Protection 772 v v Timer(s) with high priority
interrupt
Global Time 7.4 v v Global time source
/Synchronization Support
Memory Protection 771, v MPU
774
OS-Applications 76,7.12 K
Service Protection 773 M
CallTrustedFunction 775 v (Non-)privileged Modes

AUTOSAR & M2
AUTOSAR SCALABILITY CLASSES

Baengen )R E R Fan Page7
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composite structure ZC Muniu Basic Software /)

Application

Adc DRV Base DRV

Fee DRV Fls DRV
Port DRV Pwm DRV

Can DRV

Crypto DRV Dio DRV Dma DRV
lcu DRV DRV Mecu DRV
Iwdg DRV Wwdg DRV Flash DRV

Microcontroller(MCU)

3 3

Gpt DRV

Spi DRV

FIMAA BRI MEA
ZC.MUNIU BASIC SOFTWARE ARCHITECTURE

composite structure ZC.MuNiu Operating System /

Application

RTE

‘ | Configuration Tool

Kernel Layer

Kernel Layer::Basic Service

Kernel Layer::Extend Service

Hardware Adaptation Layer

B | e [ I

HMARFRIER G OS = MmIRHFRM
ZC.MUNIU OPERATING SYSTEM SOFTWARE ARCHITECTURE

B eRaE I E B A
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iR

WHERE

Hardware
Adaptation Layer
(HWAP)

OSECE
OS Configuration

SEEA=

Kernel Layer
(KERNEL)

EHERE
Hardware

Adaptation Layer

OSECE

OS Configuration

T5EE

Task Management

R

ISR Management
(GIC V3.0)

Hook & I8

Hook Management

Event&IE

Event Management

Resource & 18

Resource

Management

AlarmE 12

Alarm Management

Counter&i2

Counter

Management

EHREEE

Task Scheduling

Management

AR

Stack Protect

= BRI

Memory Protect

i [E) fR 3P

Timing Protect

AR S5 1RF

Service Protect

Applications 18

Os-Application

Management

ZIERE

Muti-Core

Management

Baengen )R E R Fan

Description

HE AL TE 2R E BT

Processor adaptation

OS B2 &R AY

OS configuration code

KSRGS KRS, B 1h OSEKH
AUTOSART E X H# ORI &, =2
OSHYIZ 4 14

Implementing system services,
including the interfaces and
mechanisms defined in OSEK and
AUTOSAR
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[t o iter | | [rexroften ] ‘wg i o gL et v ‘
ol Models
v o0s
Tt os B3 Name [0sapplication ] -
> 8 0s0S8
© & owtlarm 01 OsTrusted o-
> & OshAppMode [1.:15] <TrustedApplication
« & Ostpplcation (0.1 irprotection 0
> © OsApplicationd
> |8 Oshpplicationl OshpplicationCoreRef [z M
> & OsCounter [0.1]
) & OsEvent [0.32] B OsAppAlarmRef [
v & Oslar [0.4]
> B Oslsrd
OsAppCounterRef Counter0
> 8 Oslsrl = o ‘
> OsResource [0.
4 11 [F3 OsApplsrRef [osisrt

(& OsScheduleTable [0.7]
> € OsTask [0.7]
5 & SysterTimer [0.1]

& OsTrace [0.1]

[® Basic Editor

[ properties 52 [
OsApplication1 [EcucContainerValue]
j—

An AUTOSAR OS must be capable of supporting a callection of S objects (tasks, interrupts, alarms, hooks

1 OsAppScheduleTableRef
{73 OsAppTaskRef

F1 OsRestartTask

O (R AUTOSAR Validation | Ta:

0 errors, 0 warnings, 0 infos

[0sTaska, osTasks

B Console % Navigator

=0

Configure Fiters,

etc) that form a cohesive functional unit. This collection of objects is termed an OS-Application. Description Object URI Resour
<« >
N
ARERETR OS 57|
[ Configuration Editors = 8 [% Basic Editor =8
[test to fiter. | [rexttofiker ] ‘ 0s b 2l N ‘
al Models -
v i 0,
M .’.SDS (] Name [osapplicationt |-
> 8 0508
> € OsAlarm [0.7] OsTrusted o~
5 & OsAppMode [1.15] .
« & oecaionto:] Orrusedippicaton o-
> © OshApplicationd
> [EiCppkesrog] OshpplicationCoreRef [ Mk
> €3 OsCounter [0.1]
> & OsEvent [0.32] [ OsAppAlarmRef ‘
v & Oslsr [0.7]
> @ own S — ==
» & OsResource 0] F1 osAppisrRef ‘Dslsrl

(5 OsScheduleTable [0.7]
> & OsTask [0.4]
> (3 SystemTimer [0.1]
& OsTrace [0.1]

[ Basic Editor

7 OsAppScheduleTableRef

[ OsAppTaskRef

MuNiu Studio Console

[OsTask2, OsTasks

£ AUTOSAR Validation ] Tasks [2] Problems & Console 2 |%: Navigator

1=

afBe#e-0--0

555 Generation started **
Validate module: Os passed. ..

Generating Os_Cfg.c:

[ Properties 2 EH»E? v= o
Property Value
v Info
derived false
editable true
last modified 202458138 £59:4313
linked false
location D:\MuNiu\workspace\runtime-studio.
name 0s Cigc
path /R52_0S canfig/src/Os_Cfg.c
size 35125 bvtes

K.
Generating Os_AppTemplate.c. ..

Generating Os_AppTemplate
Generating Os_TestMacros

Generating Os_TestMacros
Generating Os_Mp_Memiap.
Generating Os Mp Memiap.h: OK.

KREEET B4R OS ERERAD
MUNIU CONFIGURATION TOOL GENERATES OS CONFIGURATION CODE

Baengen )R E R Fan
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ATHEEFHNARMEF K, ReEEMRAFLSNT RBYE KREEMRGFEaIT
EMRRTEEN, FEALATEETIR. FRUREARTR, ARETR FTMEMR
HROEETE JERERERBXMH, BEMNEEXHENE TEFRNT,

To meet the requirements of customer and enhance the extensibility of the basic software
platform, ZC.MuNiu has implemented configurable modules and configuration tool. Customers
can use the configuration tool to configthe modules according to their specific needs, generate

configuration code files, and integrate these files into projects.

Module Module

Standard AUTOSAR Tools

ARTOP ARTEXT €T

Eclipse incl. Sphinx and EMF

ZC Software OEM Sni. Tiel Software AUTOSAR Eclipse Background

A4ERET AN
ZC.MUNIU CONFIGURATION TOOL ARCHITECTURE

AREREMBEHTEENEE TR ZRT Eclipse ¥ &, FHET ARTOP 2243, 3LI AUTOSAR
FREVFD ARXML B9FEAT. BR T AUTOSAR FREEEXRIIREEZ 4, £ #F OEM # Tiel | 2K
FLEECHER, BEETRE, TEREMERNEERTD.

ZC.MuNiu basic software platform configuration tool is based on the Eclipse platform
and is built on the ARTOP architecture, which implements the parsing of the AUTOSAR model
and ARXML. In addition to the modules defined by the AUTOSAR standard, it also supports OEM
and Tiel manufacturers to develop their own modules for secondary development. After the

configuration is completed, the configuration code for each module can be generated.

BasRasn N E BB e Pagel1
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FERE

Development Document Description

Process
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LR E S

Requirement

BRI

Requirement Document

Collection

REBRIT BB KIBERR

Software Software Requirement Traceability Matrix
Requirement B) @18 3k
Analysis Issue Communication Form

RO SR BB

Software Software Architecture Specification
Architecture BRI AIBER R
Design Software Architecture Traceability Matrix

B EIR TR B

Software Detailed Design Specification

Ly QLIBEX R En gk i
o BB T EiRi sy
Bigit . . .
Configuration Tool Design Document
Software ——
BAREMIRITE R

Detailed Design

Software Detailed Design Traceability Matrix
BRI RR

and Unit Design

Software Detailed Design Review Form

QAC ik &

QAC Analysis Report

RFRTTMR

_ Tessy MIXIR &
Software Unit

Tessy Test Report
B B ITIIE R

Software Unit Verification Strategy

Testing

KUK MER FEHRRE

iz, Integration Strategy
Software R

Integration and Integration Manual
Integration S RN SRR

Testing Integration Test Strategy

Baengen )R E R Fan
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B RGN
Software System

Testing

&l

Release

Baengen )R E R Fan

SRR E
Integration Test Report
RRDHTIRE

Resource Analysis Report
FEMNRRE
Compliance Test Report
RGN IR &

System Test Report
MM R &
Performance Test Report
RGN RS =
System Test Report Review
RIS

Release Documentation
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