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1   Introduction

TSN 802.1Qbv is an IEEE specification that allows to define transmission time slots for networking traffic
queues. It adds enhancements to traffic scheduling with the introduction of time-aware shaper.

This document demonstrates how TSN 802.1Qbv enhances traffic scheduling, using two NXP processors, i.MX
8M Plus and i.MX 8M Mini.

1.1  Acronyms
Table 1 lists the acronyms used in this document.

Acronym Description

FPS Frames per second

GCL Gate Control List

GUI Graphical user interface

HDMI High-Definition Multimedia Interface

IP Internet Protocol

Mbit/s Megabits per second

PTP Precision Time Protocol

TC Traffic control

TSN Time-sensitive networking

UDP User Datagram Protocol

USB Universal Serial Bus

Table 1. Acronyms

2   Enhancements to traffic scheduling — Time-aware shaper

TSN 802.1Qbv adds the following enhancements to networking traffic scheduling:

• It separates communication on the Ethernet network into a fixed length, repeating time cycles; therefore,
contributing to the delivery of time-critical traffic.

• Each traffic class has an open traffic window at a specified time for a particular talker to communicate with its
listener.

• The path across the network is cleared for any high-priority traffic at real time (T), ensuring that the traffic from
a talker is delivered reliably and with deterministic latency across the network.

3   Traffic used for demonstration

Table 2 describes the traffic used for demonstrating TSN 802.1Qbv.

Traffic type Server Client Default port

UDP iPerf i.MX 8M Mini i.MX 8M Plus 5001

Camera streaming via GStreamer i.MX 8M Plus i.MX 8M Mini 5000

Table 2. Traffic used for 802.1Qbv demo

AN13995 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Application note Rev. 1 — 28 June 2023
2 / 11



NXP Semiconductors AN13995
TSN 802.1Qbv Demonstration using i.MX 8M Plus

4   Setup diagram

Figure 1 shows the setup diagram of the TSN Qbv demo.
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Figure 1. TSN Qbv demo setup diagram

TSN Qbv is demonstrated with USB camera generating time-sensitive traffic and iPerf generating best-effort
traffic over Ethernet. These traffic types are passed in different queues at different priorities via the TSN port. On
applying the Qbv configuration, the traffic is prioritized and scheduled as desired. The iPerf bandwidth, camera
frame rate, and live camera streaming are displayed on the GUI of i.MX 8M Mini.

5   Software dependency

The TSN Qbv demo uses the following kernel modules:

• CONFIG_NET_ACT_SKBEDIT
• CONFIG_NET_CLS_U32
• CONFIG_NET_SCH_INGRESS
• CONFIG_NET_SCH_MULTIQ

The following application packages are needed:

• iPerf
• GStreamer
• OpenCV
• Python3-Matplotlib
• iproute2
• iproute2-tc
• Python3-packaging
• Python3-paramiko

The following programming languages are used:

• Shell script
• Python 3
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6   Demo-related files

Table 3 lists the files related to TSN Qbv demo.

File Description

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/IP_plus.sh

This script assigns IP addresses to the i.MX 8M Plus board
interfaces.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/IP_mini.sh

This script assigns IP addresses to the i.MX 8M Mini board
interfaces.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/start_demo.py

This script assigns IP address to the i.MX 8M Mini board and
executes the demo_qbv.py script.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/demo_qbv.py

This script opens demo login page where the user can select
the video source and run the demo. Before opening the login
page, the connections are checked at back-end.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/tsnqbv.py

This script establishes an SSH connection and executes the
Qbv configurations and iPerf and camera scripts, regarding
the i.MX 8M Plus and i.MX 8M Mini boards.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/tsn_config_graph.py

This script opens a graph window that allows the user
to select a particular configuration from the GUI. After
selection, it invokes the tsnqbv.py file with the chosen
configuration.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/start_qbv_priority.sh

This script maps and prioritizes the queue.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/stop_qbv_priority.sh

This script reverts the prioritization applied on the queues.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/no_qbv.sh

This script removes all the Qbv policies.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/qbv1.sh

This Qbv configuration file gives priority to video traffic.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/qbv2.sh

This Qbv configuration file gives priority to iPerf traffic.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/camera_server.py

This script runs in the i.MX 8M Plus board via SSH to run
server GStreamer command.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/camera_client.py

This script runs in the i.MX 8M Mini board to run client
GStreamer, which is attached to the OpenCV window.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/kill_server_process.sh

This script runs in the i.MX 8M Plus board to kill all the
processes and files, after closing the Qbv demo.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/kill_client_process.sh

This script runs in the i.MX 8M Mini board to kill all the
processes and files, after closing the Qbv demo.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/loading_window.py

This file shows “loading” window until new window opens.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/loading.gif

It is an animation for loading a window.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/TSN_Qbv_setup_diagram.png

This file contains setup diagram of the TSN Qbv demo.

Files created at run time

Table 3. Demo-related files
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File Description

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/video.txt

This file gets the video source selected by the user and
passes it to video1.txt.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/video1.txt

This file only contains the video source last selected by the
user.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/iperf.txt

This file gets the iPerf command output.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/iperf1.txt

This file only contains the last value of iPerf Mbit/s, which is
used for graph updates.

/home/root/.nxp-demo-experience/scripts/TSN/
qbv/FPS.txt

This file is created from camera_client.py. It has the
frames per second (FPS) value that is used for graph
updates.

Table 3. Demo-related files...continued

7   TSN Qbv demo back-end flow

This section is divided into the following subsections:

• Qbv traffic mapping, classification, and assignment
• Qbv1 — Video priority
• Qbv2 — iPerf priority
• No Qbv — No priority

7.1  Qbv traffic mapping, classification, and assignment
This section describes tc commands for traffic mapping, classification, and filtering and assignment.

tc command for traffic mapping

The tc command for traffic mapping is as follows:

tc qdisc replace dev eth1 parent root handle 100 taprio num_tc 5 map 0 1 2 3 4
 queues 1@0 1@1 1@2 1@3 1@4 base-time 0 sched-entry S 0x1f 1000000 flags 2

where:

• tc qdisc replace: Replace existing qdisc or create a qdisc if not created yet.
• parent root handle 100: As per the hierarchical ranking of queuing discipline, root is the topmost

priority.
• taprio num_tc 5 map 0 1 2 3 4 queues 1@0 1@1 1@2 1@3 1@4: Mapping of five traffic classes,

one class per hardware queue.
• base-time 0: base-time indicates the starting time of gate scheduling. It is the time with reference to

the current PTP hardware clock of the device that enables a Qbv schedule to be applied at some real time,
for example, in the future. It enables a Qbv schedule change to be applied at the same time across multiple
nodes in a TSN. For simplicity, base-time is set to zero in this demo, which means a schedule change is in
effect immediately after it is applied.

• sched-entry S 0x1f 1000000: 0x1f (11111) indicates a bitwise mask of the five traffic classes as
mapped to hardware queues in third list item above. Here, 1 indicates that the gate for the traffic class is
open, and 0 indicates that the gate is closed. Therefore, 0x1F indicates that all traffic class gates are open.
The number 1000000 is the time in nanoseconds (ns) occupied by this schedule entry, before moving to the
next entry.
This Qbv gate schedule is a trivial example as it involves only one entry.
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tc command for traffic classification

The tc command for traffic classification is as follows:

tc qdisc add dev eth1 clsact

The qdisc added in this command is the "clsact" qdisc, which stands for "Classification and Action". This qdisc
is a special type of qdisc that allows packets to be classified based on certain criteria, including source or
destination IP address, protocol, and port number. Based on its classification, an action is taken on a packet.

tc command for traffic filtering and assignment

The tc command for traffic filtering and assignment is as follows:

tc filter add dev eth1 egress prio 1 u32 match ip dport 5001 0xffff action
 skbedit priority 2

where:

• tc filter add dev eth1: Adds filter to eth1, which is the interface on which the traffic egresses the
device.

• egress prio 1 u32 match: Checks the match of the egress port as priority. 
• ip dport 5001 0xffff: Masks 32 bits of IP destination port, and selects only destination port 5001. Using

other ports, the traffic does not trigger this filter action.
• action skbedit priority 2: The filter action is to edit the metadata of this frame, causing it to be

passed to queue 2.

Behavior

On applying the above tc filter command, the iPerf traffic is mapped to queue 2, and other traffic, such as
the camera stream passes via queue 0.

7.2  Qbv1 — Video priority
The following command applies Qbv1 configuration:

tc qdisc replace dev eth1 parent root handle 100 taprio num_tc 5 map 0 1 2 3 4
 queues 1@0 1@1 1@2 1@3 1@4 base-time 0 sched-entry S 0x01 500000 sched-entry S
 0x05 500000 flags 2

This command is described below:

• It is a replacement of first command mentioned in Section 7.1 with a modified Qbv schedule: sched-entry
S 0x01 500000 sched-entry S 0x05 500000.

• 0x01 500000 indicates that queue 0 (0x01 = 00001) is open for 500000 ns, whereas the other queues are
closed during this time.

• 0x05 500000 indicates that queue 0 and queue 2 (0x05 = 00101) are open for 500000 ns, whereas the
other queues are closed during this time.

• Total time for cycle = (500000 + 500000) ns = 1000000 ns

Behavior

The camera traffic runs at the maximum rate that the camera supports, whereas the iPerf traffic is limited to half
the bandwidth.

Explanation
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• The first 500000 ns (500 μs) of the 1 ms gate schedule has only queue 0 open. This queue is used
exclusively for the camera traffic.

• The second 500 μs of the 1 ms gate schedule has only queue 0 and queue 2 open. Therefore, this period is
shared between any camera and iPerf traffic.

• Because camera traffic alone is mapped for specific time period; therefore, it is provided full bandwidth during
this time. On the other hand, iPerf traffic is only permitted to share line rate during the second half of the gate
schedule; therefore, it is in effect limited to half line rate.

7.3  Qbv2 — iPerf priority
The following command applies Qbv2 configuration:

tc qdisc replace dev eth1 parent root handle 100 taprio num_tc 5 map 0 1 2 3 4
 queues 1@0 1@1 1@2 1@3 1@4 base-time 0 sched-entry S 0x04 500000 sched-entry S
 0x05 40000 flags 2

This command is described below:

• The first Gate Control List (GCL) entry is replaced with an entry having queue 2 (iPerf traffic) open exclusively,
and the second GCL entry, where queue 0 and queue 2 are open, is much shortened.

• 0x04 500000 indicates that queue 2 (0x04 = 00100) is open for 500000 ns. 
• 0x05 40000 indicates that queue 0 and queue 2 (0x05 = 00101) are open for 40000 ns.
• Total time for cycle = (500000 + 40000) ns = 540000 ns

Behavior

The iPerf traffic runs in full line rate, whereas the camera traffic is limited to a much reduced bandwidth.

Explanation:

• Initially, the iPerf traffic mapped queue 2 is open for 500000 ns.
• The second GCL entry has the camera and iPerf queues open together for 40000 ns.
• Because the iPerf traffic alone is mapped for specific time period; therefore, it is provided full bandwidth. On

the other hand, the camera traffic is provided limited bandwidth.

7.4  No Qbv — No priority
The following commands revert all Qbv configurations:

tc qdisc del dev eth1 parent root handle 100 taprio num_tc 5 map 0 1 2 3 4
 queues 1@0 1@1 1@2 1@3 1@4 base-time 0 sched-entry S 0x01 500000 sched-entry S
 0x05 500000 flags 2
tc qdisc del dev eth1 parent root handle 100 taprio num_tc 5 map 0 1 2 3 4
 queues 1@0 1@1 1@2 1@3 1@4 base-time 0  sched-entry S 0x04 500000 sched-entry S
 0x05 40000 flags 2

These commands are described below:

• The above two commands remove the priorities assigned to all the queues used in the TSN Qbv demo.
• 0x01 indicates that queue 0 (0x01 = 00001) priority is deleted. 
• 0x04 indicates that queue 2 (0x04 = 00100) priority is deleted. 
• 0x05 indicates that queue 0 and queue 2 (0x05 = 00101) priorities are deleted.

Behavior

Both the iPerf traffic and camera traffic run in full line rate.
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8   TSN Qbv demo software workflow

Figure 2 explains the software workflow of TSN Qbv demo from GUI to back-end.

demo.json

loading_window.py

demo.qbv.py

loading_window.py

tsnqbv.py tsn_config_graph.py

Stop demo
NoConnections are

successful

Yes

1.  demo.json file is responsible for TSN 802.1 Qbv icon on the UI. 
2.    Clicking the TSN 802.1 Qbv icon executes the demo_qbv.py 

program, and a TSN Qbv login window appears with video 
drop-down and Start Demo button. After starting the demo, Stop 
Demo button gets enabled. Start Demo and Stop Demo buttons
perform their respective actions. 

3.    Clicking the Run Demo button initiates the script tsnqbv.py
to execute scripts related to both iPerf and video traffic. 

4.  tsnqbv.py executes camera_client.py, which showcases video 
streaming window and tsn_config_graph.py, which is responsible 
for the graph window. 

Figure 2. TSN Qbv demo software workflow

9   Limitations

Keep the following limitations in mind while working on the TSN Qbv demo:

• During verification, the TSN Qbv demo setup should not be disturbed.
• For a smooth demo experience, Ethernet cables and camera should not be disturbed.
• Mostly Logitech and Papalook cameras are used to verify the TSN Qbv demo.
• Camera frame rate (number of frames captured per second, FPS) depends on lighting conditions of the area

where camera is placed. For example, in a dark, low light, or moderate light area, camera frame rate is 10-15
FPS.

• For TSN Qbv demo, the recommended frame rate is 25-30 FPS. To achieve this frame rate, camera should be
placed in an area with bright light.

• The TSN Qbv demo windows open on the monitor in random order. The windows must be re-arranged
manually.

• During verification, the TSN Qbv demo windows should not be closed.
• Initially, the iPerf drops to 800 Mbit/s on selecting Qbv2 configuration and streams with full line rate. However,

this behavior is achieved in very rare cases.
• The TSN Qbv demo should be stopped before switching to any other demo.
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10   Revision history

Table 4 summarizes the revisions to this document.

Revision number Date Substantive changes

1 28 June 2023 Initial public release

Table 4. Revision history
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11   Legal information

11.1  Definitions
Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

11.2  Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.
In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.
Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to
make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.
Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.
NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default
in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless
this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.
In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles
to reduce the effect of these vulnerabilities on customer’s applications
and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.
NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. - NXP B.V. is not an operating company and it does not distribute
or sell products.

11.3  Trademarks
Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.
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