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1. Introduction to Networked Control Systems

2. Cooperative Adaptive Cruise Control Research for Platooning at TUHH

3. Platoon string stability and vehicle collision analysis

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

choice?

Good performance is achieved if the pendulum stays in a balanced 

equilibrium.

ü Classic problem in dynamics and control theory.

Bill Messner, Dawn Tilbury. Control Tutorials. University of Michigan, 

http:// ctms.engin.umich.edu [Online; accessed 21-February-2018]
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Inverted pendulum: How stable is the system with the control design of 

choice?

Good performance is achieved if the pendulum stays in a balanced 

equilibrium.

ü Classic problem in dynamics and control theory.

Bill Messner, Dawn Tilbury. Control Tutorials. University of Michigan, 

http:// ctms.engin.umich.edu [Online; accessed 21-February-2018]

What happens if the feedback information 

is transmitted via an unreliable channel?

Networked (NCS)
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Previous Car Acceleration ◊░

Cooperative Adaptive Cruise 

Control (CACC)

Autonomous platooning has a more complex 

performance analysis:

Å Prevent vehicle collision

Å Prevent amplification of errors ʀalong the 

platoon

ü What is the worst acceptable radio channel in 

terms of delay , collisions , burst errors ?

ü Is communication required to be synchronized ?

ü How often are status updates needed?

ü What is the minimum required distance ?

ü How aggressive must the controller act?
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CACC Research at TUHH

Requirements are analyzed by

simulation and real world experiments .

Subject of research: universal performance targets.

Not subject of research: specific protocols or 

systems such as 5G, IEEE 802.11p
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Performance Metrics :

String Stability

Platoon string stability :

‐ ‐ , ‐= distance error of the Ὥth vehicle.

Validity of definition depends on the p-norm used 

on the errors along the time vector Ὕ:

1. String stability in a strong sense: 

Å ʀÉЊ ÍÁØ
ρ Ê 4

ʀÉȟÊ.

2. String stability in a weak sense:

Å ‐ В ‐ȟ .

ü String stability is given if the vehicle distance 

error attenuates along the platoon.
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Performance Metrics :

Vehicle Collisions

Both definitions ensure declining distance 

errors when propagating along the vehicles, 

but do they prevent vehicle collisions ?

The maximum error states that the risk of 

collision of succeeding platoon members 

decreases.

What is its statement about the risk of 

collision of the first vehicle?
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Excursion : Spacing Policy

Controller uses a time headway spacing policy

Å The desired distance Ὠȟὸof vehicle Ὥis 

dependent on a constant distance ὶ, a time 

headway Ὤand the vehicle velocity ὺὸ.

Å Ὠȟὸ ὶ Ὤὺὸȟ ς Ὥ ά.

Å Letõs assume ὶ πto analyze the                 

risk of collision within the platoon.


