Apollo Enterprise

Valet Parking with RTI DDS

Dounan Weli, Commercialization Manager
Baidu Intelligent Vehicle Business Unit
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Apollo is Accelerating Innovation for Autonomous Driving
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Apollo Robotaxi in Changsha City

Passenger Control in the Seat 45 Robotaxi with License

\

Nearx Detection
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Last mile
delivery:
Neolix

With Apollo the Possibllities are Limitless

“The only thing that limits Apollo is a developer’s creativity”
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Apollo 5.0 Architecture

| . V2X
Cloud Service , , BEVE! , Volume Production :
Blatform HD Map  Simulation pp 40 Security OTA DuerOS Service Components R;:rczl?:ie
Map Engine  Localization Perception Planning Control End-to-End HMI
Open V2X
Software Apollo Cyber RT Framework Adapter
Platform
RTOS
Hardware _ .
Development  COMPUling  cog iy Camera LIDAR  Radar Uirasonic  HMI - Black g,  axy V2X OBU
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Open Vehicle
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Platform

Major Upaates in Apollo



The Most Powerful, Open and Vibrant Autonomous Driving Ecology
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Apollo Closely Cooperates with the Government , OEM , TAAS etc.
to Build the New Ecology
of Intelligent Driving and Transportation

\ === ((ommunication Service

/ Sensors /Computing Unit
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Apollo Enterprise

Provides OEMSs, Tiers and Taas™ with
mass-produced, customized and safe solutions
of autonomous driving and internet of vehicles
to accelerate the autonomous, connected and shared trends.

----
.....
.....
e - - -
oooooo

-
.....

- - a - .



@ Apollo Enterprise DuerOS for Apollo
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Apollo Enterprise Highway Autonomous Driving
Apollo Enterprise Autonomous Valet Parking
Apollo Enterprise Autonomous Driving Minibus

N FEEBHNRZE. &5, sFEHIE~
\\EJJ E’E%ﬁxﬁ%fix
~ N Apollo Enterprise Intelligent Map

@ =T Z2REFEES. ISEMISBETER
5. ﬁ/\i—mﬂﬂ% ADASHEFIS BT E

Apollo Enterprise T

Partners

[ ‘ \

\ HYUNDAI “
\/J/




Apollo Autonomous Valet Parking
Complete the last mile driving




Apollo Enterprise for Autonomous Valet Parking

Fleet Management: Dispatch / Auto-Charging Auto Summon / Return

Parking Spot A - Dispatch - Parking Spot B
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Autonomous Valet Parking Architecture

Operation Cloud --.-.

ber Security? Vehicle Orders

‘ * Management Management
Vehicle Vehicle
Dispatch Status

Remote Control Center

Remote Control

Insurance
Claims

Functions

Park in/ Park out Lane Keeping/Cross intersection/ Stop&go/ Obstacle avoidance....

System Safety XM

Software Safety Driver Intention Safety Wamings
Status Monitorning
Control

Redundant
Design Planning & Decision

Global Routing VP-DPS Safety-check
Hardware Safety
Sensors

Perception

Automotive Vehic Parking | - |
Map I I

Cvyber Securi

)

Data Platform

Simulation
Platform

I EDR

Event Data HD Map

Customer

| Pickup | | Drop off |

I Vehicle Status Display I

Hardware Platform: ACU

Learning Platform

Data Model
Processing Generalization

L L L PP T = LY

Garage Platform

Garage Markers




Valet Parking Domain Controller — Apollo Computing Unit

The first computing unit dedicated to Valet Parking (compatible APA or L2 ADAS)

v Designed with Xilinx ZU5 ( FPGA ) , Al capability reaches 1.5TOPS, safer, lower cost,
lower power consumption

v'  Leverage and support Paddle framework (First opensource Al deep learning framework)

v' Support 8 cameras, 6 mmWave radars, 16 ultrasonic radars, even Lidars

v' Temperature between -40°C~85°C, leading other Autonomous driving solutions

v' Meet ASIL-D functional safety , special hardware safety island design

v' Based on IATF16949 design and flow requirement, 100% auto grade devices, pass
comprehensive auto environment

v' Integrated Autosar software, operating system(QNX) from top vendors

v Based on PPAP supply chain and production management



Block Diagram - Apollo Computing Unit

Power Supply Tree Front-end Power supply
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Basic Software Architecture - Apollo Computing Unit

Autosar Environment Linux Based Environment

Car Control & Safety Valet Parking Strategy
Y N y N

MCU - Infineon TC297 Processor — Xilinx ZU5
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First Step of DDS in Apollo Computing Unit

Application Application

Real Time Environment Perception Localization Control Sensing HD Map

SYs____ M DAG  EMEM [
DCM £ A | 3 . DIOHWAB :
- e Communication Service e i Interface Layer

Algorothm Process Parameter

PUB/SUB A Interface Definition Server

OS Service AMD

Middleware Layer

......

DL Communication Protocol

Serialization/ Calculation Network Scheduling

DI deserialization Module Topology Mechanism

Basic library

Thread

MCU Driver Ext Devices Scheduling

TCP/IP Shared Memory Service Detection

Microcontroller Processor

MQTT Disadvantages: DDS Advantages:

1. Only use TCP, not meet restrict real time requirement, Nagle causes certain delay 1. TCP+UDP guarantee the utilization of bandwidth
and Jitter 2. Multi QoS strategies

2. Not meet QoS(at most once, at least once, exactly once) combined with Hardware 3. Distribute dispatch

3. Risk of Single point failure from centralized solution 4. Safety and Stabile with RTI DDS



First Step of DDS in Apollo Computing Unit

e — E CU - 1 B ———— SOC Internal Communication DDS

SOC MCU s \|CU Internal Communication AutoSAR

APP1 APP1

Middle Ware RTE 5
OS & DRIVER AutoSAR SOC and MCU Communication
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DDS has potential in Autonomous driving

E/E Architecture Evolution

B Vehicle E/E Architecture

» Centralized Domain Controller

» Ethernet Based connections

» Auto BUS from CAN to TSN

» Data transfer require higher Speed

Sensors Evolution

Sensor technology roadmap and autonomous functions associated

Functionalities

ACC: Active Cruise Control

LDWS: Lane Departure Warning System
LKA: Lane Keep Assist

PA: Park Assist

AEB: Automatic Emergency Braking
DM: Driver Monitorin £

AP: Automatic Pilot

: pa DAERY DM

| Assisted Full

driving TIA automation
ACC LDWS

B Sensors in Autonomous Driving
» Multi types and quantity of sensors
» Ethernet Connections, Camera

» Smart Sensors with SoC intergration

Software Evolution
Camer 0
) - -
T e

e

HD Map —
Cameras
IMU
Radar

Lidar

Adaptive Autosar Adaptive Autosar

_ - Hypervisor
Aurix Rensas Nvidia
Etherenet Switch

B Software iIn Autonomous Driving
»> Applications with multi functions
» Adaptive Autosar becomes new trend

» Unigue protocol over operating systems

Data distribution will be a serious topic to discuss



DDS vs Other Protocols

DDS with 22+ QoS , Real time, With TCP/UDP

Abstraction Pub/Sub Reqg/Rep

Architecture Global Data Space Client-Server

Q0S 22+ NONE

Interoperability

Hard Real-time

Transports TCP/UDP

Dynamic Discovery

Pub/Sub

Client-Server

NONE

Pub/Sub

P2P/Brokered

Pub/Sub

Brokered

Partial

Reqg/Rep

Client-Server




Why RTI DDS

R * UDP+Qo05
~ « Distributed Design to Avoid Single Point Failure

Real me @ ~ * RTIDDS can be well integrated with TSN to meet

the features of next generation automobile

communication technology
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e >1400 successful customer

projects, Including mission and - i
safety critical applications QQality Safety Assurance
Experience System

arehiteciliestforalioomels T T s |

e >15 years designing

e Best-in-Industry developer tools e.g. recorder,

SYSEIE E
R Safety Q ~ replay, logger, monitor, etc.
Secu"'lj‘ty L « Safety Certification: path to ISO 26262 ASIL-D

e Security; Standards based, fine-grained security
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