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Current challenges:

1. Occlusion

2. Motion prediction
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Current challenges:

1. Occlusion

2. Motion prediction

Solution:

Smart Infrastructure



Key Facts
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Total Volume: 11.11 million € Funding: 9.67 million € (BMVI) Duration: January 2020 – March 2022

Corridor for New Mobility AaChen - Düsseldorf
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Overall Objective of the Project

North Rhine-Westphalia

Aachen

Düsseldorf

Corridor

Highly accurate digital
traffic detection

Connected traffic
light systems

Virtual traffic control

Testing of connected and
automated driving functions

How to Build a Highly Accurate Digital Twin – Intelligent Infrastructure in the Corridor for New Mobility – ACCorD 6

Implementation of
digital twins

Aldenhoven

Düsseldorf

Aachen



Overall Objective of the Project
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Collection of traffic data, 
trajectories, scenarios, ...

Investigation of new driving functions and 
infrastructure measures in the simulation

Simulation and testing of selected 
scenarios on the test track

Rolling out the functions 
and measures into the field



Test Fields for Automated and Connected Mobility

Urban Rural Highway
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Test Fields for Automated and Connected Mobility

Urban
Campus Melaten, Aachen

2.4 km, 46 Road Side Units

Rural
B 56, Aldenhoven

1 km, 11 Road Side Units

Highway
A 44, Jackerath

1 km, 11 Road Side Units
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Traffic Detection Concept

Corridor for new Mobility Aachen – Düsseldorf – Test Field Setup for the Development and Testing of Automated Mobility 10

Client

Databases

Central
server

4G/5G

C-V2X

4G/5G

ITS-G5

ITS-G5

Cellular network



Stationary Smart Roadside Infrastructure Sensors
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2 LiDAR sensors
(128 vertical layers)

2 Camera sensors
(4K resolution)

Sensor data processing unit

V2X road side unit
(ITS-G5/802.11p)

Multiband antenna
(GNSS/Wi-Fi/4G/5G)



Sensors’ Fields of View for Each RSU
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Side view Top view*

*Scales shown are not true to reality!

Camera 1 Camera 2LiDAR 1 LiDAR 2



Global Sensor Fusion
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Source: Bing Maps



Global Sensor Fusion
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Source: Bing Maps



Global Sensor Fusion
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Source: Bing Maps



Global Sensor Fusion
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Source: Bing Maps



Global Fused LiDARs’ Fields of View
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Global Fused LiDARs’ Fields of View
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Data Processing Pipeline for Each Road Side Unit
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2D/3D object detection

Sensor pose estimation

Data stream decoding Data stream decoding

Sensor pose estimation

Point cloud fusion

3D object detection

Data stream decoding Data stream decoding

Sensor pose estimation Sensor pose estimation

2D/3D object detection

Stream to central
computing server

Raw data
Object data

LiDAR 1 LiDAR 2 Camera 1 Camera 2



LiDAR Point Cloud Fusion for Each Road Side Unit
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Data Processing Pipeline for Each Road Side Unit
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3D object detection

Data stream decoding Data stream decoding

Sensor pose estimation Sensor pose estimation

2D/3D object detection
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Camera Sensor Pose Estimation
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Data Processing Pipeline for Each Road Side Unit
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2D/3D object detection

Sensor pose estimation

Data stream decoding Data stream decoding

Sensor pose estimation

Point cloud fusion

3D object detection

Data stream decoding Data stream decoding

Sensor pose estimation Sensor pose estimation

2D/3D object detection

Stream to central
computing server

Raw data
Object data

LiDAR 1 LiDAR 2 Camera 1 Camera 2



Object Data Format

𝑶 = 𝑶1 𝑶2 … 𝑶𝑁
𝑇 (object list)

𝑶𝑖 = ෝ𝒙 𝑷 𝒅 𝒅𝜎2 𝑝 ∃𝒙 𝒄 𝑇 (complete object)
ෝ𝒙 = 𝑥 𝑦 𝑧 𝑣𝑥 𝑣𝑦 𝑣𝑧 𝑎𝑥 𝑎𝑦 𝑎𝑧 𝜙 ሶ𝜙

𝑇 (estimated state)

with
𝑷 = 𝑐𝑜𝑣(ෝ𝒙𝑒𝑟𝑟, ෝ𝒙𝑒𝑟𝑟) (uncertainty of state; as an estimate 

of its error covariance matrix)
𝑥, 𝑦, 𝑧 (position)
𝑣𝑥, 𝑣𝑦 , 𝑣𝑧 (velocity)
𝑎𝑥, 𝑎𝑦 , 𝑎𝑧 (acceleration)
𝜙, ሶ𝜙 (heading or yaw angle and its rate)
𝒅 = 𝑙, 𝑤, ℎ 𝑇 (dimensions / sizes)
𝒅𝜎2 = 𝑣𝑎𝑟(𝒅) (variances of dimension)
𝑝 ∃𝒙 (existence probability scalar)
𝒄 (classification vector: car, truck, …)
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𝑥

𝑦

(𝑥, 𝑦, 𝑧)

𝑣𝑥, 𝑎𝑥

𝑣𝑦 , 𝑎𝑦

Static global coordinate system

𝑧

𝑣𝑧, 𝑎𝑧



Traffic Detection Concept
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Data Management Concept
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Perception

MiNiFi

Perception

MiNiFi

Fusion
test field 1

Fusion
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Trajectories

Scenario
extraction 1

…

Jupyter notebook

Python kernel

Static 
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Fusion input Scenario inputReceiving node

Fusion output Scenario output

Admin tools

Distribution…

CV2X interface / 
live visualization

Scenarios
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…
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RSU 1 (Test field 1) RSU x (Test field n)RSU 2 (Test field 1)

NiFi

Legend

Live data
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Externally triggered



Data Processing Pipeline of Fusion Function
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Data Processing Pipeline of Fusion Function
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Data Processing Pipeline of Fusion Function
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Data Processing Pipeline of Fusion Function

Corridor for new Mobility Aachen – Düsseldorf – Test Field Setup for the Development and Testing of Automated Mobility 30

Fused object publisher

Live
fused 

objects
Predict object states

Detect finished objects
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Trajectory publisher

Finalize finished 
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European Telecommunications Standards Institute (ETSI) 
Collective Perception Message (CPM)
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container
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Data Processing Pipeline of Fusion Function
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Digital Twin
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Digital Twin Campus Melaten Aachen

Video digital Twin Campus

How to Build a Highly Accurate Digital Twin – Intelligent Infrastructure in the Corridor for New Mobility – ACCorD 34



Address RWTH Aachen University
Institute for Automotive Engineering (ika)
Steinbachstrasse 7
D – 52074 Aachen

Contact Laurent Kloeker, M.Sc.
laurent.kloeker@ika.rwth-aachen.de 
+49 241 80 26713

www.accord-testfeld.de
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