Robust Communication for Networked Control Systems
ITG FG 5.2.4 Workshop "Vehicular Communication" , Aachen
Daniel Pléger, Hamburg University of Technology

27.03.2018 TUHH 1



/ \g e n d a Institute of Communication Networks

1. Introduction to Networked  Control Systems
2.  Cooperative Adaptive Cruise Control Research for Platooning at TUHH

3.  Platoon string stability and vehicle collision analysis

27.03.2018




Nets
C O n t ro I Syste m S Institute of Communication Networks

Desired
— Output —»] Controller |— C;c_mtrol —»|  Process Output __
N ignal e
€=180 °
A
Measuring
Element

Control System

Inverted pendulum: How stable is the system with the control design of

choice? -~
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Good performance is achieved if the pendulum stays in a balanced / 5 —
equilibrium.
F
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t Classic problem in dynamics and control theory.

Bill Messner, DawnTilbury, Control Tutorials University ofMichigan,
http:// ctms.engin.umich.edu Pnline; accesse®1-February2018]
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Networked Control Systems (NCS) omivets
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Inverted pendulum: How stable is the system with the control design of

choice? -~
I
Good performance is achieved if the pendulum stays in a balanced / 5 —
equilibrium.
F
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t Classic problem in dynamics and control theory.

What happens if the feedback information
. . . . Bill Messner, DawnTilbury, Control Tutorials University ofMichigan,
IS transmitted via an unreliable channel? http:// ctms.engin.umich.edu Pnline; accessed®1-February2018]
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Cooperative Adaptive Cruise omNets
Control (CACC) ool kgl
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Autonomous platooning has a more complex U What is the worst acceptable radio channel in
performance analysis: terms of delay , collisions , burst errors ?

Is communication required to be synchronized ?
How often are status updates needed?

What is the minimum  required distance ?

How aggressive must the controller act?

A Prevent vehicle collision

A Prevent amplification of errors R along the
platoon

R
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CACC Research at TUHH Nets

Requirements are analyzed by
simulation and real world experiments

Subject of research: universal performance targets.
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Performance Metrics : omNets
String Stability
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Performance Metrics : omNets
Vehicle Collisions

Maximum Distance Errors and 95%-Confidence-Intervals of Vehicles 2 to 5

PD=1, 40ms Network Sampling, 0.50 Error Rate,
0.70 Burst Probability, 0.7s Time Headway, 1200s Runtime, 100 Runs
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Both definitions ensure  declining distance 81 T
errors when propagating along the vehicles,
but do they prevent vehicle collisions ? = T )
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Excursion : Spacing Policy oot comcat et

Maximum Distance Errors and 95%-Confidence-Intervals of Vehicles 2 to 5
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Controller uses a time headway spacing policy :
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