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仿真自动驾驶
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使用MATLAB, Simulink, RoadRunner开发自动驾驶

分析记录的数据 设计虚拟环境 设计功能和算法 设计软件

验证 & 确认

集成外部工具和软件

C/C++

GPU, ROS

AUTOSAR
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设计3D道路环境
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RoadRunner 平台

使用RoadRunner建立仿真自动驾驶的3D环境

第三方仿真器
• CARLA 

• Unreal Engine®

• Unity®

• LGSVL

• VIRES Virtual Test Drive

• Metamoto

• IPG Carmaker

• Cognata

• Baidu Apollo

• Tesis Dynaware

• TaSS PreScan

• NVIDIA DRIVE Sim

地理信息系统 (GIS) 数据
• 点云
• 正射影像
• 矢量图
• 高程图

HERE高精度地图
TomTom高精度地图
Apollo高精度地图
自定义地图格式

RoadRunner Scene Builder

RoadRunner 

RoadRunner Asset Library

OpenDRIVE

FBX
OpenDRIVE

OpenStreetMap

OpenCRG

Zenrin 地图

自定义素材
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使用RoadRunner交互式设计道路环境

▪ 创建写实的道路和交
叉路口

▪ 导入/导出
OpenDRIVE

▪ 导入 HD 地图

▪ 导入地理信息系统
(GIS) 文件

▪ 导出到常用的驾驶仿
真环境

RoadRunner, RoadRunner Asset Library, RoadRunner Scene Builder

Updated
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RoadRunner的新功能

设计交通岛 OpenDRIVE 1.7

Traffic Island Tool
RoadRunner

Import & Export ASAM OpenDRIVE

Files
RoadRunner

设计振荡标线

Road CRG Tool
RoadRunner

https://www.mathworks.com/help/roadrunner/ref/trafficislandtool.html
https://www.mathworks.com/help/releases/R2022b/roadrunner/ug/importing-opendrive-files.html
https://www.mathworks.com/help/releases/R2022b/roadrunner/ug/importing-opendrive-files.html
https://www.mathworks.com/help/roadrunner/ref/roadcrgtool.html
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RoadRunner的新功能

RoadRunner API 控制台模式

RoadRunner API
RoadRunner, Automated Driving Toolbox

Control RoadRunner 

Programmatically Using Terminal
RoadRunner

场景合并

Merge Multiple Scenes
RoadRunner

Updated

https://www.mathworks.com/help/roadrunner/matlab-functions-for-scenes.html
https://www.mathworks.com/help/roadrunner/ug/control-roadrunner-using-terminal.html
https://www.mathworks.com/help/roadrunner/ug/control-roadrunner-using-terminal.html
https://www.mathworks.com/help/roadrunner/ug/merge-multiple-scenes.html
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使用RoadRunner HD Map格式，从MATLAB定义3D场景

Build Pikes Peak RoadRunner 3D Scene

Automated Driving Toolbox, Mapping Toolbox

▪ 将道路和地形数据导入到MATLAB

▪ 数据上采样和生成RoadRunner HD Map

▪ 将派克峰赛道导出到RoadRunner

Import roads
Add lane 

markings

HD 

Scene

Set 

geographic 

boundaries 

and reference

Map 

data

Import terrain

Project 

coordinates & 

upsample data

USGS

Data

Export 

RRHD Map

https://www.mathworks.com/help/driving/ug/pikes-peak.html
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设计3D道路环境

设计交通参与者
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使用RoadRunner Scenario建立仿真自动驾驶的动态场景

导出场景逻辑
• OpenSCENARIO 1.x

• OpenSCENARIO 2.0

RoadRunner Scenario 

导入路径
• CSV 

• OpenSCENARIO 1.x

自动化任务
(导入, 导出, 调参, …)

• MATLAB*

• C/C++

• Python

• 支持 gRPC 的所有语言

*  需要 Automated Driving Toolbox

仿真交通参与者行为

• MATLAB*

• Simulink*

• CARLA

RoadRunner
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使用RoadRunner Scenario交互式设计交通场景

Scenario Edit Tool

RoadRunner Scenario

▪ 添加多种车辆

▪ 创建车辆轨迹

▪ 定义动作和逻辑

▪ 参数化调整变量

Updated

https://www.mathworks.com/help/roadrunner-scenario/ref/scenarioedittool.html
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RoadRunner Scenario的新功能

组合交通参与者 反向运动

Truck & Trailer Scenario
RoadRunner Scenario

Reverse Motion Along Lane
RoadRunner Scenario

添加行人

Character Assets
RoadRunner Scenario

http://www.mathworks.com/help/roadrunner-scenario/ug/design-vehicle-with-trailer-scenario.html
https://www.mathworks.com/help/roadrunner-scenario/ug/built-in-behavior-for-vehicles.html#mw_b7254b08-e499-4e70-9a12-7408a29f87e1
http://www.mathworks.com/help/roadrunner-scenario/ref/characterassets.html
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使用预定义的场景样本

Open and Explore Sample Scenarios

RoadRunner Scenario

前车撞停

前车夹塞并制动 保持与前车距离

用户扩展
自由行驶

https://www.mathworks.com/help/roadrunner-scenario/ug/open-and-explore-sample-scenarios.html
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OpenSCENARIO

V2.0

OpenSCENARIO

V1.x

Export to ASAM OpenSCENARIO

RoadRunner Scenario

导出场景到 OpenSCENARIO V1.x 和 V2.0

MathWorks是ASAM会员，
正积极参与

OpenSCENARIO 2.0 

执行论坛

https://github.com/esmini/esmini  

https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html
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从外部定义交通参与者行为，与RoadRunner Scenario联合仿真

Built-in 

Actors

Simulate Actors with MATLAB and Simulink

▪ 编写MATLAB代码或Simulink模型，定义
交通参与者行为

▪ 调整在MATLAB或Simulink中定义的参数

▪ (可选) 打包发布自定义的交通参与者

Cosimulate Actors with CARLA

▪ 关联在CARLA中定义的车辆行为

▪ 导出场景并在CARLA中显示

▪ 运行与CARLA的联合仿真

https://www.mathworks.com/help/roadrunner-scenario/integrate-scenarios-with-matlab-and-simulink.html
https://www.mathworks.com/help/roadrunner-scenario/cosimulate-actors-with-carla.html
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从保存的文件回放仿真过程

Replay Simulation from Saved File

RoadRunner Scenario, Automated Driving Toolbox

▪ 保存仿真日志文件

▪ 不需要运行联合仿真的客户端，
即可直接回放仿真过程

https://www.mathworks.com/help/driving/ref/simulink.scenariosimulation.html
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设计3D道路环境

设计交通参与者

仿真驾驶功能

自动变道

紧急制动

编队行驶
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可以作为设计和测试工作参考的功能示例

功能示例

车道变换

编队行驶 自动泊车 智能网联

前向避障 车道跟随
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联合RoadRunner Scenario仿真AEB功能

Car-to-Car Front Turn-

Across-Path 50% 

(CCFTAP-50) 

Controller

RoadRunner Scenario interfaces

Decision 

Logic DynamicsTrackerSensors

Autonomous Emergency Braking with RoadRunner Scenario

Automated Driving Toolbox, RoadRunner Scenario, Simulink

▪ 建立与RoadRunner Scenario的仿真接口，联合仿真AEB功能

▪ 建立视觉和毫米波雷达传感器目标列表的模拟，测试传感器融合

▪ 包含不同车速 Vehicle Under Test (VUT) 和 Global Vehicle Target 

(GVT) 的参数化测试用例

https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-roadrunner-scenario.html
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集成Simulink, RoadRunner Scenario, 以及Unreal Engine

Autonomous Emergency Braking with High-Fidelity Vehicle Dynamics

Automated Driving Toolbox, RoadRunner Scenario, Simulink, Vehicle Dynamics Blockset

Controller

RoadRunner Scenario interfaces

Decision 

Logic

14DOF

DynamicsTracker

Sensors

&

Actors

▪ 用Simulink设计AEB功能，与RoadRunner Scenario

联合仿真

▪ 使用14自由度车辆动力学模型

▪ 用UE进行3D渲染，读取地面信息，实现地形跟随

▪ 基于UE的视觉和毫米波雷达传感器模型

https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-high-fidelity-vehicle-dynamics.html
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开发含V2V通信的编队驾驶控制

V2V

Transmitter

/Receiver

Vehicle

Dynamics

Truck Platooning with RoadRunner Scenario

Automated Driving Toolbox, Simulink, Vehicle Dynamics Blockset

Longitudinal/Lateral 

Controller

RoadRunner Scenario interfaces
▪ 在RoadRunner Scenario中定义Leader

的行驶过程

▪ 在Simulink中对Follower建模

▪ 建立BSM (Basic Safety Message) 消息
格式，模拟车辆间通信

▪ 实现Follower的横纵向控制
– 滑模控制（纵向）

– 模型预测控制（横向）

https://www.mathworks.com/help/driving/ug/truck-platooning-with-roadrunner-scenario.html


2121

设计3D道路环境

设计交通参与者

仿真驾驶功能

从记录的数据重建场景

Scenario Builder for

重建车道信息

重建车辆定位

重建目标信息
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从记录的传感器数据生成RoadRunner Scenario场景

• 原始图像
• 激光雷达点云
• GPS

• IMU

• 地图信息

Automated Driving Toolbox

Scenario Builder Support Package

• OpenSCENARIO v1.x

• CSV 轨迹信息

RoadRunner 

Scene Builder

RoadRunner

Scenario

Scenario Builder (Support Package)

Automated Driving Toolbox

Navigation 

Toolbox

Lidar 

Toolbox

Computer Vision 

Toolbox

Sensor Fusion & 

Tracking Toolbox

Deep Learning

Toolbox

https://www.mathworks.com/matlabcentral/fileexchange/117450
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从记录的传感器数据生成RoadRunner Scenario场景

Generate RoadRunner Scenario from Recorded Sensor Data

Scenario Builder for Automated Driving Toolbox, RoadRunner Scenario

▪ 从GPS数据中抽取出自车轨迹

▪ 从相机或激光雷达数据中抽取出其他车辆轨迹

▪ 生成RoadRunner Scenario场景用于仿真

Updated

Extract 

non-ego actor 

trajectories

Extract ego 

trajectory

Scenario

Export to 

CSV

GPS

Actor

Tracklist

Generated 

Scene

https://www.mathworks.com/help/driving/ug/generate-roadrunner-scenario-from-recorded-sensor-data.html
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从记录的传感器数据生成RoadRunner Scenario场景

重建目标车轨迹

Fuse Recorded Lidar and Camera 

Data to Generate Vehicle Track List
Scenario Builder for Automated Driving 

Toolbox, Sensor Fusion and Tracking Toolbox

重建自车轨迹

Ego Localization Using Lane 

Detections and HD Map
Scenario Builder for Automated Driving 

Toolbox, Navigation Toolbox

重建车道信息

Generate Road Scene Using Lanes 

from Labeled Recorded Data
Scenario Builder for Automated Driving Toolbox, 

Lidar Toolbox, Computer Vision Toolbox

https://www.mathworks.com/help/driving/ug/fuse-recorded-lidar-camera-to-generate-tracklist.html
https://www.mathworks.com/help/driving/ug/fuse-recorded-lidar-camera-to-generate-tracklist.html
https://www.mathworks.com/help/driving/ug/ego-localization-using-lane-detections-and-hd-map-for-scenario-generation.html
https://www.mathworks.com/help/driving/ug/ego-localization-using-lane-detections-and-hd-map-for-scenario-generation.html
https://www.mathworks.com/help/driving/ug/generate-road-scene-with-lanes-from-labeled-recorded-data.html
https://www.mathworks.com/help/driving/ug/generate-road-scene-with-lanes-from-labeled-recorded-data.html
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优化开发自动驾驶的工作流程

Ford：
自动化创建测试场景

Bosch：
开发激光雷达分类算法

Denso：
实现ADAS软件的持续集成

Converting Spreadsheet-Based 

Scenario Definitions to 

OpenSCENARIO Files
MathWorks Automotive Conference 

2022

Designing a Lidar Sensor Classifier 

Using a MATLAB Framework
MATLAB EXPO 2022

ADAS Control Unit Development and 

Continuous Integration Practice
MATLAB EXPO 2022 - China

https://www.mathworks.com/videos/converting-spreadsheet-based-scenario-definitions-to-open-scenario-files-1654079552177.html
https://www.mathworks.com/videos/converting-spreadsheet-based-scenario-definitions-to-open-scenario-files-1654079552177.html
https://www.mathworks.com/videos/designing-a-lidar-sensor-classifier-using-a-matlab-framework-1653597909623.html
https://www.mathworks.com/videos/designing-a-lidar-sensor-classifier-using-a-matlab-framework-1653597909623.html
https://www.mathworks.com/videos/denso-static-object-perception-results-based-control-algorithm-development-and-continuous-integration-1655726412779.html
https://www.mathworks.com/videos/denso-static-object-perception-results-based-control-algorithm-development-and-continuous-integration-1655726412779.html
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Aptiv：场景发掘（Scenario Harvesting）

▪ 建立了一个工作流程，从记录的传感器数
据和高精度地图创建仿真场景
– GPS, IMU, Camera, Radar, Lidar

▪ 用RoadRunner Scenario重建场景，并导
出为OpenSCENARIO

▪ 导出的场景用于测试 ADAS/AD 软件

Recorded sensor data from test drive

ADAS/AD Software validation

Scenario Harvesting

OpenSCENARIO

https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html
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GPS

IMU

RoadRunner
GPS

GPS & IMU 融合

车道线 车道线跟踪

基于车道信息
和道路地图的定位

车载传感器
目标车路径

@ 车辆坐标系

HD map

Scene Builder
RoadRunner

HDMap

getMap

目标检测 目标跟踪

自车路径

@ 世界坐标系

OpenSCENARIO

ego

non-ego

Aptiv：场景发掘（Scenario Harvesting）
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Aptiv：场景发掘（Scenario Harvesting）

Scenario Harvesting Using Automated Driving

Toolbox and RoadRunner Scenario

MathWorks Automotive Conference 2023

https://www.mathworks.com/company/events/conferences/automotive-conference-michigan/2023.html
https://www.mathworks.com/company/events/conferences/automotive-conference-michigan/2023.html
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automated-driving@mathworks.com

Scenario Builder for

设计3D道路环境

设计交通参与者

仿真驾驶功能

从记录的数据重建场景
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