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Automatic Closed-Loop Control
Applied to TSN Scheduling

Time-Sensitive Networks (TSN)

IEEE 802.1Q, a set of standards for:
Deterministic communication (deadline, jitter).
Coexistence of time-critical and non-critical traffic.
Over interoperable Ethernet and wireless technologies.

bridges

end-stations

IEEE 802.1Qbv Time-Aware Shaper (TAS)

Ensures ultra-low jitter and bounded delays, assigning streams to queues and 
opening/closing gates through a Gate Control List (GCL).

A simplified TSN bridge

Problem Motivation

Offline-computed schedules tend to be rather
conservative, causing transmission windows to be
larger than the actual size of the frames.

Objective:
Reclaim the slack of windows from the
conservative scheduling for non-critical traffic.

intrinsic jitter

clock skew lost frame

Proposed Approach

A novel TAS implementation based on an automatic closed-loop controller:
Replaces the GCL.
Improves network utilization for non-critical traffic.

1. TSN model  
2. Model analysis
3. Control design

1. Timed Continuous Petri Nets (extension of [1]).
2. Assumed controllability and observability.
3. Backstepping control [2].

Case Study

An in-line network topology consisting of 2 bridges with 2 
end-stations each. Six critical streams are scheduled using 
the method in [3], considering a maximum clock skew and 
a processing time of frames in bridges of 2 μs.

The reference obtained is tracked correctly, so the system 
output is the expected one.

(a): updating windows and references generation processes for stream s6. 
(b): marking evolution of the TCPN representing the bridge BR2 output port 
to end-station ES4, traversed by stream s6.

Conclusions

satisfactorily tracks the error between the expected and
the actual critical traffic,
adjusts the schedule without stopping the TSN system to
deploy the new TAS GCLs,
makes the TAS resilient to parametric variations, and
improves network utilization by tightening the
conservative windows.

Our implementation:
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