Periodic Control Traffic Support in a Wireless
Time-Sensitive Network

Pablo Avila-Campos*, Jetmir Haxhibeqiri*, Xianjun Jiao*, Muhammad Aslam*, Gilson Miranda Je.t,
Ingrid Moerman*, Jeroen Hoebeke*
*IDLab, Ghent University — imec
fIDLab, University of Antwerp — imec
{pabloesteban.avilacampos, jetmir.haxhibeqiri, xianjun.jiao, muhammad.aslam, ingrid.moerman, jeroen.hoebeke } @ugent.be
gilson.miranda@uantwerpen.be

Abstract—Time Sensitive Networking (TSN) is being utilized
for industrial deterministic applications. Machine control is an
example of such applications, which requires high reliability, low
and deterministic latency. Currently, such requirements can only
be met by wired networks that do not offer the wireless flexibility.
For supporting TSN in end-to-end wired-wireless networks, TSN
features need to be presented in the wireless network domain
as well. In this demo we show the ability of wireless TSN (W-
TSN) to support periodic machine control traffic with low latency
under other background traffic in the network. We demonstrate
time synchronization and scheduling mechanisms in a wireless
setting by employing a control loop (a system to balance a ball
in a canal) scenario where the time-critical traffic maintains the
required latency under scheduled case. This will be demonstrated
in a setup composed of imec’s W-TSN evaluation kit built on top
of the openwifi SDR platform.

Index Terms—wireless time-sensitive networking, time syn-
chronization, scheduling, openwifi, IEEE802.11.

I. INTRODUCTION

Time Sensitive Networking (TSN) [1] is a set of standards
defining mechanisms for deterministic data transmission over
Ethernet based networks. In many industrial use case scenar-
ios, portability and mobility is a must (AGV communication,
robot communication, mobile machine control communica-
tions etc). As such, wired TSN can only support a subset of
the aforementioned use cases as it comes with cabling costs,
lack of mobility support and flexibility. However, in many use
cases, a combination of wireless flexibility as well as wired
TSN determinism is needed to fulfill the use case needs. As
such, bringing communication determinism to the wireless
network domain is of utmost importance to support end-to-
end low-latency deterministic communication in collaboration
with wired TSN.

In order to support determinism, any network needs to
employ at least two features: accurate time synchronization
throughout the network [2] and means to schedule [3] and
differentiate traffic flows. In [4] we have presented the accurate
time synchronization over wireless links by utilizing the PTP
and accurate timestamping of openwifi [S5]. Next to us level
time synchronization, traffic scheduling is supported in the W-
TSN enabled openwifi boards by means of a gated mechanism
that gives channel access to specific queues periodically. As
such, deterministic communication for periodic control loop

applications can be supported by W-TSN. In [6] authors
give key parameters of different industrial traffic types and
how communication technology can be chosen based on the
traffic type. Periodic control loop traffic type does not require
high throughput, however, typically it requires low latency
communication with periodicity that ranges from some ms up
to several 10s of ms [6].

In [7] authors show how time-aware scheduling in wireless
links can offer possibility to support robotic arm communi-
cation over wireless. Similarly, we will show the support for
periodic control traffic in the W-TSN by employing accurate
time synchronization, traffic scheduling and differentiation, as
well as real-time monitoring for performance validation.

This demo paper is structured as follows. Section II will
describe the design and implementation of building blocks
for the demo, section III will describe the demo setup while
section IV will give an overview of the demo procedure and
expected results. Section V will conclude this paper.

II. DESIGN AND IMPLEMENTATION

In this section we will show the design and implementation
needed for the demo. We will describe the data generation,
data forwarding and monitoring aspects of the solution.

A. Data Generation

In this demo machine control traffic is generated by means
of a proportional—integral-derivative (PID) control loop feed-
back. The PID control aim is to balance a ball in the middle of
a canal using an infrared distance sensor and a stepper motor as
actuator. A PID control is defined by three parts: the controller,
the sensor, and the process. In this demo, the sensor and the
controller are placed in two different Raspberry Pi-s (RPIs).
The first RPI is in charge of sampling measurements from
the sensor every 10ms, which gives information about the ball
position. Then, this information is included in a UDP packet
and transmitted to the second RPI through the W-TSN as
shown in Figure 2. The second RPI receives the ball position,
calculates the error, and applies a PID correction to the canal
angle using a stepper motor.

Furthermore, a second traffic flow is produced between both
RPI-s to account for other background traffic in the network.
This dummy traffic is also UDP traffic, generated using iper f,
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Figure 1. Schedule applied during demonstration

whose function is to show the time multiplexing capabilities
of the demo.

B. Data Forwarding

To support deterministic communication we have imple-
mented the accurate time synchronization over wireless [4],
achieving down to 1 pus accuracy. In addition to the time syn-
chronization, traffic scheduling is achieved by implementing
a gated mechanism in each node that will give timely access
to each hardware queue of the node [8]. As such, dedicated
channel access can be given to certain queues of a certain
node in a given time to account for the required latency and
reliability of the traffic flow.

Time sensitive networks are originally layer 2 networks
where data is forwarded at layer 2. We kept the same concept
for the W-TSN, by offering the data forwarding on layer 2
between different wireless nodes. As such, the W-TSN will
behave as layer 2 bridge between the two RPI-s.

Each wireless node has an schedule for each queue. The
schedule consist of a cycle length of 8.192 ms, with 16 time
slots of 512 us each. The distribution of the time slots inside
the cycle for each queue in each node is shown in Figure 1. All
PTP and wireless control traffic is assigned to queue 0. Time
critical traffic (PID traffic) is assigned to queue 1, background
traffic (iper f traffic) is assigned to queue 2 while queue 3 is
used for publishing the monitored information from the end
nodes to the central controller (CNC). The PID control traffic
is sourced at client 1 with destination client 2. Thus, the time
slots of queue 2 on each node (client 1, AP, client 2) follow
each other to give the shortest latency for the traffic. By giving
the dedicate time slots for time critical traffic we expect to
have the best latency performance for the time critical traffic.
In the second case, time slots of the time critical traffic and
best effort traffic are shared, to show the performance in a
normal shared WiFi channel.

C. Telemetry

Network performance monitoring is done using In-band
Network Telemetry (INT) for wireless networks [9]. INT
employs monitoring on a per flow basis, on per-hop and end-
to-end fashion. Different wireless parameters are monitored on
each hope, such as: RSSI, SNR, channel used, data retransmis-
sion, data rate(DR) and Modulation and Coding Scheme(MCS)
index. Most importantly, on each network hop the packet is
timestamped enabling the calculation of accurate latency on
each hop and end-to-end.
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Figure 3. Demo setup picture

III. DEMO SETUP

The described demo is implemented on top of imec W-
TSN evaluation kit (EK). imec W-TSN EK uses FPGA-
based Software Defined Radio (SDR) platform, openwifi
[10] running on Xilinx ZC706 board and Xilinx ZedBoard
for the access point (AP) and wireless clients, respectively.
Figure 2 presents the demo setup architecture. Each RPI
holds part of the PID control loop as described in Section
II, while the openwifi clients serve as end nodes of the
W-TSN, receiving and transmitting application packets. Ad-
ditionally, AP forwards packets between the clients and the
network. Finally, the Central Network Controller (CNC) is
an essential element of a TSN whose function is to provide
configuration data, such as the schedule, to TSN nodes in
response to application requirements. In this demo, the CNC
also receives, monitors and presents the network telemetry data
using Gra fana dashboard. Finally, the complete demo picture
is shown in Figure 3.



Figure 4. Grafana showing the machine-control and iperf traffic end-to-end
latency with dedicated time slot

IV. MEASURING PROCEDURE AND RESULTS

To demonstrate the capabilities of W-TSN, two experiments
are designed. The intention of such experiments is to display
the potential of a W-TSN compared to normal Wi-Fi to support
time-sensitive traffic, specifically, PID control traffic. Demo
visitors can interact by starting/stopping each traffic flow in
the network and by managing the network schedule from an
user interface from CNC.

A. Dedicated time slot

The first experiment uses the schedule shown in Figure 1.
As described in Section II, queue 1 (Q;) is used by PID
control traffic and queue 2 (Q2) for iperf traffic. With this
schedule, both traffic flows have a transmission opportunity
every 8192 us, meeting the time-sensitive application latency
requirements. Furthermore, management and telemetry traffic
are scheduled in queues 0 and 3 respectively, leaving guard
bands to avoid disturbing time-sensitive traffic. Figure 4 de-
picts the end-to-end latency of machine control traffic (red),
and iper f traffic (blue). As seen, both latencies keep under ~
10 ms. This will be visible also by the stability of the ball in
the middle of the canal.

B. Shared time slot

In a non-W-TSN case using CSMA/CA as IEEE802.11, all
nodes compete for the channel before transmitting. When high
traffic or high node density is present, best-effort networks do
not offer latency guarantees. To represent this scenario, both
machine control, and iperf traffic are set to share Q1. The
result is shown in Figure 5. As both traffic flows compete
for the same time resource, latency is unpredictable any more
(rising up to 1.5 s). The effect will also be visible in the
balance of the ball. As control traffic is highly time-sensitive,
packet delay makes it impossible to keep the ball balanced.

V. CONCLUSION

In this work we demonstrated how a W-TSN overcomes
a best-effort network when supporting time critical periodic
control traffic. By implementing basic TSN features such as
time synchronization and scheduling, the network determin-
ism is improved. Together with determinism, TSN provides
low latency and high reliability, key requirements of future
industrial networks. On top of openwifi, and using a PID
control application, this demo shows how our W-TSN can
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Figure 5. Grafana showing the machine-control and iperf traffic end-to-end
latency with shared time slot

handle multiple traffic flows by using a time-based gating
system.
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