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Prerequisites for „Intelligence“

Criteria for Intelligence (according to Russel, Norvig: Artificial Intelligence, A Modern Approach, Chapter 2)

• Detection and interpretation of the situation
• Judgement and pondering upon different action alternatives
• Adaption to changing environments and new situations
• Goal-oriented procedures

 „Intelligent Systems“: 
ALL those criteria are in place
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Traffic Node Control

Digital Twin
Intersection Model

Traffic Node

Traffic Sensors

Floating Car Data

Intentions of TP

ODD/Capabilities of TP

Scenario‐Management

Identify/predict situation

Choose strategy

Choose Control

Real World
Intersection
Traffic Node

Traffic Node Control Traffic Node Control

Control Action

Our Concept for the 
Intelligent intersection
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(Monte Carlo) Variations of
• actions and 
• vehicle characteristics
• behaviours 

(driver/traffic)
• streets & environment
• traffic conditions
• traffic control
• communication

Scenario Management / Scenario-Based Development
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Var. Labellings

Artificial Intelligence

Big Data Analytics

Robustness Mngt

Complexity Mngt

Effectiveness Rating

Reference Systems

System-of-Systems

Conflict Analysis

Cond. Probabilistics

Parametrized ODD

…

Evaluation of KPIs
• Criticality
• Reserves
• …

Prooving Ground 
Tests

Scenario Management - Intelligent Intersection

Pondering between possible actions
AI, Machine Learning

Situation recognition
AI, Machine Learning

Goals definition
AI, Machine Learning

Anomaly detection,
adaption

AI, Machine Learning
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Identification and Clustering of the Relevant Traffic Situations

10

Map data © Google

Automated evaluation of floating 
car data and various traffic 
sensors with machine learning
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Collision Avoidance with Virtual Sensors (Machine Learning)

• Motion prediction by machine learning models
• Estimation of collision risks with virtual sensors
• Self-learning system, steady improvement with new data
• Digital Twin for trustworthy information exchange 11
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• Model-predictive control (MPC) of 
ego vehicle considers
motion predictions of other vehicles:

• avoids obstacles
(mixed-integer QP)

• plans a safe, efficient 
trajectory, including
lane-changes & gap tracking

Outlook: Utilize Multi-Agent Information in
Automated, Distributed, Safe Vehicle Control

Co-simulation-based validation of OA-MPC
with CARLA Simulator

Safe, collision-free vehicle control achieved through
obstacle-avoidance mixed-integer MPC solution
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Summary
 Traffic control at intersections involves balancing conflicting optimization goals: 

intelligent solutions are necessary

 We propose such an intelligent solution by combining:
 The VERONET architecture for distributed intelligence in the traffic automation 
 The Digital Twin architecture as cooperation platform

 The solution is also valid for intralogistics hubs or traffic control of AGVs, resulting in  
swarm intelligence.

This solution is intelligent:
• Detection and interpretation of the situation✅
• Judgement and pondering upon different action alternatives✅
• Adaption to changing environments and new situations✅
• Goal-oriented procedures ✅




