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智能网联汽车测试挑战和测试方案
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Rohde & Schwarz

罗德与施瓦茨公司基本情况

Net Revenue Success

A leading supplier in 
all business fields

Employees

12,300 worldwide

Global PresenceType of EnterpriseHistory

Established 1933 in 
Munich, Germany

In > 70 countries, 
more than 60 
subsidiaries

EUR 2.58 billion

(FY 19/20)

Independent family-
owned company
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Rohde & Schwarz3

TCU / OBU

► Cellular V2X, 4G / 5G

► eCall

► GNSS

► Wi-Fi, BLE

Corner radar

Powertrain domain controller

Vehicle access 

► UWB

► RKE

Gateway

Corner radar

Lidar

Chassis or ADAS/AD 

domain controller

Infotainment domain controller

Body domain controller

Ethernet

Camera Sensor

Front radar 

OEM Back-end

► Traffic information

► Parking information

Digital map server 

e.g. HERE

Further digital services

e.g. from TIER1

RSU

► Cellular V2X

► 4G / 5G

毫米波雷达

C-V2X, 4G, 5G 

传感器

汽车的眼睛和耳朵

Lidar, Camera

汽车智能网联化的新赛道
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Rohde & Schwarz

中国车联网研发和应用领先世界
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China First 

C-V2X Plugfest

2018 2019 20212020 2022 20242023 2025

C-V2X starting to

equipped in new 

vehicles
China C-V2X 

key milestone

C-NCAP Adding C-V2X For Active Safety Function In 2023

R&S Being Asked C-V2X Test Solution for C-NCAP Now

More than 40 OEMs Joined 2020 “Cross-Industry” 

C-V2X Plugfest In Shanghai

V2X Spectrum 

Launched

China-NCAP

Planning to add C-V2X
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Rohde & Schwarz

中国构建了自己的C-V2X标准体系

Application (By：C-SAE) – ref to SAE 团标

► 合作式智能运输系统车用通信系统应用层及应用数据

交互标准

► 合作式智能运输系统车用通信系统应用层及应用数据

交互标准第二阶段

Message Layer (By：CCSA)  

► 基于LTE 的车联网无线通信技术消息层技术要求

► 基于LTE 的车联网无线通信技术消息层测试方法

Network layer(By：CCSA) 

► 基于LTE 的车联网无线通信技术网络层技术要求

► 基于LTE 的车联网无线通信技术网络层测试方法

Security (By：CCSA)  

► 基于LTE 的车联网通信安全技术要求

► 基于LTE 的车联网无线通信技术安全认证技术要求

► 基于LTE 的车联网无线通信技术安全认证测试方法

Automotive requirement (标准组织：NTCAS) GB/T

► 基于LTE-V2X 直连通信的车载信息交互系统技术要求

1. 车载射频测试

2. 通信安全测试

3. 可靠性测试，电气性能测试，EMC测试

4. 天线测试

5. 定时定位测试

6. 数据一致性测试

Access (By：CCSA)

► 基于LTE 网络的车联网无线通信系统总体技术要求

► 基于LTE 的车联网无线通信技术空中接口技术要求

► 基于LTE的车联网无线通信技术支持直连通信的车载

终端设备技术要求

Automotive Use Case (标准组织：NTCAS)

► 基于网联技术的汽车安全预警类应用场景标准化研究

报告
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Rohde & Schwarz

车联网落地的实际挑战

车联网 C-V2Ｘ，４/５Ｇ

1. 车联网示范区需要完善的无线性能评估方法—C-V2X无线信号覆盖评价

2. C-V2X车联网外场无线环境无法重复，交通场景数量少，测试时间长和效率低等问题

3. 解决汽车T-Box 4/5G外场上网问题，定位问题需要的时间长，涉及人员多

4. OTA（远程下载）网络安全问题
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Rohde & Schwarz

扫频助力车联网示范区C-V2X无线性能评价

7

每个V2X信号发送源列为一行
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Rohde & Schwarz

C-V2X 硬件在环复杂交通场景测试
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GPS 
Simulation 
(SMBV100B)

C-V2X

OBU/RSU

PC5

Waypoint

Vehicle Simulation 
(CMW500)

Traffic scenarios 
simulation

Stack

GNSS

BSM-ICW

(Network/Message stack, CA etc)

(OBU log) 
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Rohde & Schwarz

外场4/5G网络转实验室测试加快问题解决

数据分析，导出，脚本重建

User on NUC PC

ROMES

QualiPoc

CMX msglog

Qualcomm

外场信息采集

NEMO/TEMS

Test Scripts /

Network Config

实验室回放，测试迭代

User on CMX

CMX F2L Device verification Test cases
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Rohde & Schwarz

OTA 网络安全测试方案

Access to Cloud/TSP

• m2m.de
• Munich, Germany
• MQTT
• TLS1.3 ✓ • iot.com

• Barcelona, Spain
• COAP
• TLS1.0!!

Tbox 4G/5G 
connection

4/5G Mobile Network 
Emulation

Traffic analysis

针对标准选择

WP.29

国家标准

测试类型选择

功能性能

信息安全
WEB端

账号密码登录
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Rohde & Schwarz

智能驾驶落地的实际挑战

汽车毫米波雷达和电磁兼容

1. 4D雷达测试是新课题，雷达硬件在环测试搭建多目标和复杂场景困难大

2. 射频干扰导致的雷达性能下降问题评估

3. 雷达，摄像头，导航和C-V2X等多传感器融合下智能网联汽车的性能测试和认证方案缺乏

4. 如何克服和测试道路上复杂电磁干扰

Obj. 1
Obj. 2

Obj. n
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Rohde & Schwarz

多目标复杂交通场景的4D雷达在环测试和仿真

► 能够满足多目标复杂场景的雷达模拟器是构建雷达在环测试的重要设备

− Instantaneous measurement of Range, Doppler, Azimuth and Elevation(4D)

− Lidar like 3D image resolution 

− 4th dimension of time: Instantaneous hi-resolution velocity information for every reflection

► Virtual aperture by evaluation of transmitted radar signal
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Rohde & Schwarz

雷达干扰场景模拟和测试

13

▪ Connect any analog or vector signal generator up to 6 GHz to the AREG I/F input port 

▪ Impose interferes onto the wanted echoes and share the AREG frontend for up conversion for both signals

▪ Cost optimized and simple solution for simulation of wanted echoes together with interferers

▪ Use SMW200A vector signal generator and R&S Pulse Sequencer Software for advanced interfering scenario e.g. 

from multiple fast chirp sequences
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基于传感器融合的整车在环测试方案“DRIVINGCUBE”-
RADAR/CAMERA/GNSS/C-V2X/ULTRATRONICS
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Rohde & Schwarz

复杂电磁环境下汽车辅助驾驶功能的测试

测试流程

Test vehicle

- 50km/h

- Normal driving

AREG setting

- 15m & 4m

- 10 to -3km/hr

- 10 dBsm

- Activate AEB-CCRb function Passed

- Reduced car speed from 50 

to 38 km/hr

Passed

- Turn ON Brake light Passed

- Display warning on 

dashboard

Passed
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领先的汽车解决方案

Automotive Connectivity Test

R&S®CMX500/CMW500/SMBV100B 

Automotive Domain Controller and

Ethernet

R&S®RTO/RTP/ZNB

Electric Vehicle Test

R&S NGM/NGP power supply

Automotive EMC and Full Vehicle 

Antenna Test

R&S®EMC/OTA Test System

Automotive Infotainment

R&S®BTC/VTE

Automotive ECU ICT/FCT Test

R&S®TSVP

Automotive Radar Test
R&S®FSW/AREG/ATS1500
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