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License

TSDuck is released under the terms of the license which is commonly referred to as "BSD 2-Clause
License" or "Simplified BSD License" or "FreeBSD License". See http://opensource.org/licenses/BSD-2-
Clause.

Copyright (c) 2005-2021, Thierry Lelégard
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of
conditions and the following disclaimer in the documentation and/or other materials provided
with the distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Third-party libraries

TSDuck includes a few third-party libraries, either in source form, binary form or both. For more details
about the licenses of these third-party libraries, see the file named LICENSE.txt in the source code
repository or in the installed files.

DTAPL: On Linux and Windows, the TSDuck binary distributions contain the DTAPI library. This
software is available in binary form only (see [33]). Copyright © 2077 by Dektec Digital Video B.V.

LibTomCrypt: Some source code was directly copied and adapted from LibTomCrypt into TSDuck (see
[39)). LibTomCrypt is public domain. As should all quality software be. Tom St Denis.
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Acronyms and Abbreviations

AC-3
AES

AIT
ANSI
ARIB
ASI
ATIS
ATSC
ATR
AVC
BDA
BDT
BER
BPSK
CA
CAM
CAS
CAT
CMT
COFDM
CcpP

CRC
CSA
CwW
DKMS
DOCSIS
DRM
DSM-CC
DTH
DTS
DTTV
DTV
DVB
DVB-C
DVB-C2
DVB-CISSA
DVB-CSA
DVB-S
DVB-S2
DVB-T
DVB-T2
ECM
ECMG
EIS

EIT
EMM
EMMG
ES

ETSI

Audio Compression Standard 3 (Dolby)

Advanced Encryption Standard

Application Information Table

American National Standards Institute

Association of Radio Industries and Businesses
Asynchronous Serial Interface

Alliance for Telecommunications Industry Solutions
Advanced Television Systems Committee

Answer To Reset (smartcard)

Advanced Video Coding

Broadcast Device Architecture (Microsoft Windows)
Binary Data Table

Bit Error Ratio

Binary Phase Shift Keying

Conditional Access

Conditional Access Module

Conditional Access System

Conditional Access Table

CA Message Table

Coded Orthogonal Frequency Division Multiplexing
Crypto-Period

Cyclic Redundancy Check

Conseil Supérieur de I'Audiovisuel (French national regulator for TV)

Control Word

Dynamic Kernel Module Support (Linux)

Data Over Cable Service Interface Specification
Digital Rights Management

Digital Storage Media Command and Control
Direct To Home

Decoding Time Stamp

Digital Terrestrial Television

Digital Television

Digital Video Broadcasting

DVB Cable modulation

DVB Cable modulation, 2"¢ generation

DVB Common IPTV Software-oriented Scrambling Algorithm
DVB Common Scrambling Algorithm

DVB Satellite modulation

DVB Satellite modulation, 2" generation

DVB Terrestrial modulation

DVB Terrestrial modulation, 2"¢ generation
Entitlement Control Message

ECM Generator

Event Information Scheduler

Event Information Table

Entitlement Management Message

EMM Generator

Elementary Stream

European Telecommunications Standards Institute
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FEC
FIPS
FLUTE
FTA
GOP
HbbTV
HE-AAC
HLS
HTTP
HTTPS
IDSA
IEC
IEEE
IETF
IIF
INT
IP
IPTV
ISDB
ISO
ITU
v
LNB
MAC
MAC
MGT
MPE
MPEG
MUX
NIST
NIT
NTSC
OQPSK
oul
PAT
PCR
PES
PID
PLP
PMT
PSI
PSK
PTS
QPSK
QAM
RRT
RTP
RTT
SCS
SCTE
SDT
SFN
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Forward Error Correction

Federal Information Processing Standard

File Delivery over Unidirectional Transport (RFC 3926)
Free To Air

Group Of Pictures

Hybrid broadcast/broadband Television

High Efficiency Advanced Audio Coding
HTTP Live Streaming

Hyper-Text Transfer Protocol

Hyper-Text Transfer Protocol — Secure

IIF Default Scrambling Algorithm
International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
Internet Engineering Task Force

IP-TV Interoperability Forum

IP/MAC Notification Table

Internet Protocol

Internet Protocol Television

Integrated Services Digital Broadcasting
International Standardization Organization
International Telecommunication Union
Initialization Vector

Low-Noise Block down-converter

Media Access Control (networking)

Message Authentication Code (cryptography)
Master Guide Table (ATSC)

Multi-Protocol Encapsulation

Moving Picture Experts Group

Multiplexer

National Institute of Standards and Technology
Network Information Table

National Television Systems Committee
Offset Quadrature Phase Shift Keying
Organizationally Unique Identifier (IEEE assigned)
Program Association Table

Program Clock Reference

Packetized Elementary Stream

Packet Identifier

Physical Layer Pipe

Program Map Table

Program Specific Information

Phase Shift Keying

Presentation Time Stamp

Quadrature Phase Shift Keying

Quadrature Amplitude Modulation

Rating Region Table (ATSC)

Real-Time Protocol

Rating Text Tavle (ATSC)

SimulCrypt Synchronizer

Society of Cable Telecommunications Engineers
Service Description Table

Single Frequency Network
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SI
SMPTE
STB
STD
T2-MI
DT
TID
TNT
TOT
TPS
TS
TSDT
ubDP
UNT
URI
URL
UTC
UuID
VBI
VCT

Service Information

Society of Motion Picture and Television Engineers
Set-Top Box

System Target Decoder

DVB-T2 Modulator Interface

Time and Date Table

Table Identifier

Télévision Numérique Terrestre (French DTTV network)
Time Offset Table

Transmission Parameter Signalling

Transport Stream

Transport Stream Description Table

User Datagram Protocol

Update Notification Table

Uniform Resource Identifier

Uniform Resource Locator

Coordinated Universal Time

Universal Unique Identifier

Vertical Blanking Interval

Virtual Channel Table (ATSC)
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1 Transport Stream Toolkit Overview

1.1 Purpose

The transport stream toolkit contains a set of simple but flexible command-line utilities that run on
Linux, Windows and macOS. These commands are described in this document.

Through tsp, the transport stream processor, many types of analysis and transformation can be
applied on live or recorded transport streams. This utility can be extended through plugins. Existing
plugins can be enhanced and new plugins can be developed using a library of C++ classes.

Structure of this guide:

e The chapter 2 describes the data formats (transport stream, binary sections files, XML files).

e The chapter 3 describes all TSDuck utilities.

e The chapter 4 describes all tsp plugins.

e The chapter 5 provides some concrete examples of TSDuck usage.

e The chapter 7 describes the level of test and support for some hardware devices, mainly DVB
receivers and Dektec devices.

1.2 Operating system selection guidelines

Here is a brief summary of pros and cons of using TSDuck on the various operating systems.
e Linux pros:

= Availability of a powerful shell environment. TSDuck is a light-weight toolkit with elementary
tools and plugins which can be combined in an infinite number of ways. The user can obtain
even more flexibility when combining them with the bash shell and all standard UNIX utilities
(grep, sed, awk, etc.) See some complex examples in section 5.2.

e Linux cons:

= When used in a mobile environment, a laptop PC with Linux (or Linux/Windows dual boot) is
required.

= Some DVB tuners are not supported on Linux. Some supported tuners do not work well on
Linux. Make sure to get fully supported DVB hardware.

e Windows pros:

= Available on all “average user” laptop PC. Useful for transport stream capture and analysis in
the field.

e Windows cons:
= No or limited shell environment.

= Some limitations in the support of DVB receiver devices (see 7.1.2.2, page 389, for more
details). For instance, it is impossible to retrieve the actual tuning parameters of a transport
stream as detected by the tuner device.

e macOS pros:

= Availability of a powerful shell environment, just another UNIX system, just like Linux. Powerful
user-friendly system.

¢ macOS cons:

= Currently no support for hardware DVB tuners and Dektec devices. So, macOS is
recommended only when dealing with transport stream files and IP networking, not for any
hardware support.
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Summary: Use Linux if you can. Use Windows when you do not have Linux (typically a Windows
laptop in the field). Use macOS if you have a Mac and do not need DVB or Dektec hardware.

1.3 Developping applications using the TSDuck library

TSDuck is mainly a large C++ library for Digital TV applications. All TSDuck commands and plugins are
thin wrappers on top of C++ classes from this library.

This library can be used by third-party applications, outside the TSDuck tools and plugins. To do that,
you must install the “TSDuck development environment”.

Using the TSDuck library, you can develop independent Digital TV applications or TSDuck plugins. The
provided services includes low-level features such as manipulating TS packets, intermediate features
such as demuxing and packetizing tables and high-level features such as running TS processing
pipelines inside your application (which means something like including ¢sp in your application).

See [42] for more details on the TSDuck library. This is a set of doxygen-generated pages with tutorials
and reference documentation for all C++ classes in the library.

Some high-level features of the TSDuck library can also be used from Python or Java, typically running
TS processing pipelines or manipulating tables and sections inside Python or Java applications. The
TSDuck Python and Java bindings are also documented in [42].

The following figure illustrates the TSDuck software and how it can interact with third-party
applications.

3rd-party applications TSDuck commands

? nimm

Python Java

bindings § bindings TS processor

TS5Duck plugins 3rd-party plugins
T5Duck - r—
C++ libra pac Input &

Digital TV utilities C++ utilities 0S5 abstraction

DVE tuning framework Operating System

DirectShow .
= £33
@Tsnuck

Figure 1: TSDuck software architecture

1.4 Installing TSDuck

The TSDuck installers are available from the “Download” section of the TSDuck Web site (see [41]).
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The basic installation provides all TSDuck tools and plugins. The command-line tools are directly
accessible from the command prompt.

Windows
Binary executable installers are provided for Windows platforms, 32-bit and 64-bit versions.

The directory containing the command-line tools is automatically added to the Path. The TSDuck
development environment is included in the installer but it is not installed by default. You must select
it explicitly. The Java and Python bindings are required to run Java or Python applications. They are
also optional and must be selected when needed.

Note that TSDuck is supported for Windows 10 only. TSDuck may work on Windows 7 or older but
without guarantee.

For users without privilege, portable packages are provided for 32 and 64 bits platforms. A portable
package is simply a zip archive file which can be expanded anywhere. The TSDuck commands are
located in the bin subdirectory and can be executed from here without any additional setup. It is
probably a good idea to add this bin directory in the Path environment variable of the user.

Linux

Two flavors of packages are available: .rpm for Fedora systems and .deb for Ubuntu systems.
Currently, only 64-bit packages are available.

All tools are in /usr/bin. There is a separate package for the TSDuck development environment.
MacOS

On macOS, TSDuck is installed using the Homebrew packaging and delivery system (see [43]).
All tools are accessible from /usr/local/bin (standard installation structure for Homebrew).

The development environment is always installed with TSDuck using Homebrew.
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2 Data Formats

2.1 Transport stream

Transport streams shall conform to the MPEG-2 system layer format as defined in ISO 13818-1 [1].

2.1.1 Live transport streams
Live transport streams can be read by TSDuck from:

e Live sources using specialized hardware, cheap DVB tuners or Dektec ASI devices.

e UDP/IP using various encapsulations (the encapsulation of TS packets in UDP packets does
not matter since TSDuck automatically retrieves the TS packets inside UDP packets and simply
ignores everything in between).

e HTTP or HTTPS streams without encapsulation (ie. raw TS streams, but not manifest-based
formats such as DASH or HLS).

e HLS (HTTP Live Streaming) with transport stream segments (not fMP4).

See the documentation of the plugins dvb, dektec, ip, http, hls for more details on the reception of
live transport streams.

The same plugins can also transmit live streams on Dektec ASI and modulator devices and on UDP/IP
streams (multicast or unicast).

2.1.2 Stored transport streams
Transport streams can be read from and written to binary files, called 75 files.

A standard TS file must contain contiguous 188-byte TS packets without any encapsulation. All TS
packets shall start with the MPEG-defined synchronization byte 0x47. Any packet not starting with this
synchronization byte is considered invalid and rejected.

Unless specified otherwise, most TSDuck utilities and plugins can read or write several non-standard
TS formats. The supported formats are listed in the table below.

The command line option --format name can be be used to specify a precise file format.

On input, the file format is automatically detected for each file. But the auto-detection may fail in
some cases (for instance when the first time-stamp of an M2TS file starts with 0x47 in which case the
file would be incorrectly identified as TS). Using the option --format forces a specific format to avoid
ambiguities.

On output, the default format is a standard TS file.
The table below lists all possible format names as used with the option --format.

Table 1: Transport stream file formats

autodetect | Auto-detection of the file format. This is the default for input files and is usually
appropriate. This will always work with TS files but may fail in rare cases with M2TS
files.

TS Standard transport stream file containing contiguous 188-byte TS packets without
any encapsulation. This is the default for output files.
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R5204 Raw transport stream capture with Reed-Solomon outer FEC. Each standard 188-byte
TS packet is followed by a 16-byte Reed-Solomon FEC. On input, these 16 bytes are
ignored. On output, they are set to zero (place-holder for real FEC).

M2TS Blu-ray compatible format. Also found in recording files from some DVR devices.

This is the same as TS format, except that each 188-byte TS packet is preceded by a
4-byte time stamp. The 2 most significant bits are copy control indicators and are
ignored. The 30 least significant bits represent a time stamp in 27 MHz unit (same
unit as PCR values). Note that those time stamps wrap up every 39 seconds
approximately since they use only 30 bits while full PCR values use 42 bits.

duck This is a TSDuck proprietary format. It is similar to M2TS except that the header
before each TS packet uses 14 bytes and contains all packet metada. Since this is a
TSDuck proprietary format, it can be used only in pipes between instances of tsp. The
only advantage of this format is to transport complete original time stamps, packet
labels and other metadata between instances of tsp.

When dealing with non-conformant TS files coming from outside, the utility #sresync can be used to
extract the TS packets and recreate a pure 188-byte TS file. Here is a sample list of common non-
conformant TS files which can be processed by tsresync:

e Raw capture of TS packets with the 16-byte trailing Reed-Solomon correction code.

e Network capture files as produced by tools like Wireshark. Such files contain network packets,
containing IP packets, containing UDP packets, containing TS packets.

In all these cases, tsresync can extract all TS packets and recreate a “pure” TS file which can be
manipulated by the various utilities and plugins from the TSDuck suite.

2.2 PSI/SI signalization

TSDuck can manipulate PSI/SI sections and tables outside of transport streams. Sections and tables
can be extracted from a transport stream, saved and manipulated in various file formats and injected
in other transport streams.

There are two main file formats for PSI/SI: binary section files and XML text files.

These two formats are documented in the next sections. In the general case, tools which extract PSI/SI
sections and tables can save in any format and tools which use PSI/SI can read them from any format
as well. The utility tstabcomp, the table compiler, can translate between the two formats.

Some key differences between the two formats are:

e Binary section files contain collections of individual sections in any order, not necessarily
complete tables. XML files contain complete tables only.

e Binary section files contain the exact representation, byte by byte, of sections which were
extracted from a transport stream. XML files contain a higher-level representation.

e Binary section files are not easily modifiable. XML files contain text which can be manually
edited using any text editor or XML tool.

2.2.1 PSI/SI binary format

A PSI/SI binary file contains one or more sections in a simple binary format. Each section is directly
written in the file without any encapsulation or synchronization information. All sections are
contiguous in the file.
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A binary file must be read from the beginning. The header of each section contains the section length.
Using this length information, it is possible to locate the next section, starting right after the current
section, and so on down to the end of the file.

2.2.1.1 Creating PSI/SI binary files

PSI/SI binary files can be extracted from live streams or TS files using tstables or the plugin tables.
The extracted sections are identical, byte by byte, to the transported sections. By default, all sections
of a given table are contiguously saved in the binary file, in increasing order of section number. Thus,
a complete table can be easily rebuilt by reading sections one by one.

With the option --all-sections, tstables and the plugin tables save all individual sections in their
order of reception. In that case, the order and repetition of sections in the binary files are not defined.

PSI/SI binary files can also be created by tstabcomp, the table compiler. Tables are described in XML
format (see 2.2.2) and compiled into a binary file. Since tstabcomp processes complete tables, all
sections of a table are also contiguously saved in the binary file, in increasing order of section number,
just like tstables by default.

2.2.1.2 Using PSI/SI binary files

The content of binary section files can be viewed using tstabdump. This utility displays the content of
each individual section in a human-readable format, regardless of the order of sections in the file.

Binary section files can be used to packetize or inject sections in a stream (command tspacketize and
plugin inject). The sections are packetized or injected in their order of appearance in the file.

Finally, binary section files can also be decompiled by tstabcomp to recreate the corresponding XML
files from the binary tables. But note that XML files contain complete tables only. This means that
tables can be recreated only when their sections are contiguous and in increasing order of section
number in the binary file.

2.2.2 PSI/SI XML format

An XML file containing PSI/SI tables for TSDuck uses <tsduck> as root node. The root node contains
any number of tables.

Unlike binary files which may contain individual sections, XML files can only contain complete tables.
The XML format represents a higher level view of a table, regardless of the binary implementation in
one or more sections.

The following sample XML file contains the definition for simple (and incomplete) PAT and PMT.

<?xml version="1.0" encoding="UTF-8"?>
<tsduck>

<PAT version="8" transport_stream_id="0x0012" network_PID="0x0010">
<service service_id="0x0001" program_map_PID="0x1234"/>
<service service_id="0x0002" program_map_PID="0x0678"/>

</PAT>

<PMT version="4" service_id="0x0456" PCR_PID="0x1234">
<CA_descriptor CA_system_id="0x0777" CA_PID="0x0251"/>
<component elementary PID="0x0567" stream_type="0x12">
<CA_descriptor CA_system_id="0x4444" CA_PID="0x0252"/>
<ISO_639_language_descriptor>
<language code="fre" audio_type="0x45"/>
<language code="deu" audio_type="0x78"/>
</IS0_639 language_descriptor>
</component>
</PMT>
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</tsduck>

All XML files shall be encoded in UTF-8 format to allow international character sets in service names or
event descriptions for instance. The initial declaration line “<?xml version="1.0" encoding="UTF-
8"?>" is optional but recommended.

The complete definition of the XML model can be found in Appendix C, page 406.
2.3 Compatibility and conflicts between standards

2.3.1 Supported standards

The intrication of digital TV standards is complex and sometimes problematic for the user who wants
to analyze the structure of a transport stream. TSDuck tries to help, either using command line utilities
and plugins, and C++ classes for applications which are built on top of the TSDuck library.

The first layer of standard is MPEG [1]. It is the common root of all regional or international standards
in digital TV. The MPEG standard defines the transport stream format, PES, sections and descriptors,
the PSI (Program-Specific Information such as PAT, CAT, PMT) and a number of descriptors. The
allocated ranges of tables ids and descriptor tags for MPEG is reserved and never conflicts with other
standards’.

At the second layer, then come the regional standards: DVB (Europe), ATSC (USA), ISDB (Japan). Note
that these standards are also used in other parts of the world, in addition to their original regions.

The third layer is made of ANSI/SCTE standards. They are application-level standards such as
emergency alerts (SCTE 18), splice signalization for advertisement (SCTE 35) or encryption (SCTE 52),
These standards were originally designed to complement ATSC in the USA but they are sometimes
used in conjunction with DVB (especially SCTE 35). Parts of the SCTE 52 standard were also reused in
ATIS-defined standards for IP-TV encryption.

DVB and ATSC are independent and mutually exclusive standards. They are never used together in the
same transport stream. Most of their table ids and descriptor tags use distinct ranges. It is
consequently easy to “guess” the second-layer of standard of a transport stream, when one of their
specific sections or descriptors is used.

DVB adds a non-ambiguous concept of “private descriptors” where properly registered entities,
operators or industries may define their own privately defined descriptors.

ISDB is the troublemaker which makes things complicated and often requires manual setup using
TSDuck command line options or default configuration.

o ISDB was originally defined in Japan by ARIB in two flavors, ISDB-T and ISDB-S.

e ISDB was later adopted by other countries, starting with Brazil, for terrestrial TV. At this time,
the standards were redefined by ABNT (Brazil) under the name ISDB-Tb, to amend features
which were too Japanese-specific, creating two branches of ISDB. The two branches diverged
until a “harminzation committee” was created to limit the conflicts between the two.

e ISDB reuses some parts of DVB but not all. Each iteration of the standard incorporates more
DVB descriptors, making it hard to define a stable common subset between DVB and ISDB.

e While ISDB reuses sections and descriptors ids and syntax, it sometimes redefines the
semantics of some fields such as character sets or time reference.

' The DVB-defined “table-specific” descriptors are exceptions. These descriptors reuse MPEG-defined
descriptor tags but are used only in very specific DVB-defined sections where the MPEG-defined
descriptors with the same tags are normally not used.
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e The semantics of some DVB-defined fields even varies between the variants of ISDB. As an
example, time values are defined as UTC in DVB. In Japan, ARIB-defined ISDB redefines the
same fields as JST (Japan Standard Time). In South America, ABNT-defined ISDB-Tb redefines
it as UTC -3. In African countries, the field is loosely defined as local time, without more
details.

e ISDB even redefines tiny details of the syntax of some DVB descriptors it reuses. This is the
case for the satellite delivery system descriptor for instance.

As a consequence, an ISDB stream is sometimes hard to characterize. A transport stream first appears
as MPEG-defined when we get the PAT and PMT's. Then, it looks like DVB when tables such as SDT or
TDT are encountered. But later it can appear as ISDB when ISDB-specific tables such as a BIT or CDT
are found. The problem is that, as this time, all information such as dates and time in TDT which were
previously interpreted in the DVB semantics shall be retroactively reinterpreted in the ISDB semantics
(or the multiple possible ISDB semantics in the case of date and time).

TSDuck tries to dynamically guess the type of standard based on the sections and descriptors it
progressively discovers in the stream. The list of standards is consequently evolving along the packet
processing. It usually starts with “"MPEG" and may later evolve to "MPEG, DVB" or "MPEG, ATSC" or
"MPEG, DVB, SCTE" or "MPEG, DVB, ISDB".

Because of this progressive discovery of the standards, it is possible that data structures are incorrectly
interpreted in the initial phase, before a new standard becomes clear. This is especially critical in the
case of ISDB where a transport stream is often initially interpreted as a DVB one.

TSDuck defines a number of command line options which can be used to specify the right standards
from the beginning (see section 2.3.2). Some default options are also available in the user's TSDuck
configuration file (see Appendix A).

Also note that the Appendix C lists the XML format of all tables and descriptors, structured by original
standards.

2.3.2 TSDuck options for default standard selection

By default, TSDuck tries to guess the standards which are used in a transport stream. The following
options can be used to indicate from the beginning how tables and descriptors should be interpreted.
They are briefly repeated in the documentation of all commands to which they apply.

--abnt

Assume that the transport stream is an ISDB one with ABNT-defined variants. ISDB streams
are normally automatically detected from their signalization but there is no way to determine
if this is an original ARIB-defined ISDB or an ABNT-defined variant.

--atsc

Assume that the transport stream is an ATSC one.

ATSC streams are normally automatically detected from their signalization. This option is only
useful when ATSC-related stuff are found in the TS before the first ATSC-specific table. For
instance, when a PMT with ATSC-specific descriptors is found before the first ATSC MGT or
VCT.

--brazil
A synonym for '--isdb --abnt --time-reference UTC-3'.

This is a handy shortcut when working on South American ISDB-Tb transport streams.
--isdb

Assume that the transport stream is an ISDB one.

Version 3.25-2237 27 /471



TSDuck User's Guide

ISDB streams are normally automatically detected from their signalization. This option is only
useful when ISDB-related stuff are found in the TS before the first ISDB-specific table.

--japan

A synonym for --isdb --time-reference JST.

This is a handy shortcut when working on Japanese transport streams.

Beyond ISDB standard, in most applications this option also uses ARIB STD-B24 character sets,
uses Japan as default region name for UHF/VHF bands and activates some specificities for
Japan such as different semantics for component types.

--philippines

A synonym for --isdb --abnt --time-reference UTC+8.

This is a handy shortcut when working on Philippines transport streams.

--time-reference name
Use a non-standard (non-UTC) time reference in DVB-defined TDT/TOT.

This is typically used in ARIB-defined ISDB and ABNT-defined ISDB-Tb standards. These
standards reuses DVB-defined SI but change the semantics of the date and time fields, using
another time reference.

The specified name can be either UTC (the DVB-defined default), JST (Japan Standard Time)
or 'UTC+|-hh[:mm]'.

Examples: UTC+9 (same as JST, for ARIB-defined ISDB), UTC-3 (for ABNT-defined ISDB-Tb in
Brazil and South America) or UTC+2:30 (if such reference should be used).

--usa

A synonym for --atsc --hf-band-region usa.

This is a handy shortcut when working on North American transport streams.

2.4 Character sets

2.4.1 Standards and character sets

Each standard defines its own way of representing characters in tables and descriptors.

DVB:

ISDB (ARIB):

ISDB (ABNT):
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Each string is encoded using one single character set. The default character set is a
modified version of ISO-6937. For strings which cannot be encoded using ISO-6937,
another character set can be selected using a specific leading binary sequence. Since
DVB character sets include UTF-8 and UTF-16, all Unicode characters can be
eventually represented. See [5], ETSI EN 300 468, annex A.

Each string is encoded using ARIB STD-B24 (see [26] part 2, chapter 7). A string may
alternate between several character sets, typically Kanji, Hiragana, Katakana and
alpha-numerical characters. The switching between character sets is performed using
control binary sequences. While all Japanese characters can be encoded, many
European accented character cannot be represented. There is no way to encode
arbitrary Unicode character in ARIB STD-B24.

There is no standard ABNT-defined representation of strings. Each country which
adopted the ABNT-defined variant of ISDB uses its own representation. For instance,
Brazil and other South American countries use ISO-8859-15 while the Philippines use
UTF-8. To make things worse, although these character sets are included in the DVB
standard, these countries doe not use the DVB-defined leading binary sequences
which indicate the character set and do not allow switching to other character sets.
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ATSC: Simple strings are encoded in 7-bit ASCIL. But most strings are encoded using
"multiple string structures” where all Unicode characters can be represented.

XML: TSDuck-defined XML files use some predefined non-ambiguous character set as
indicated in the first directive. This is usually UTF-8. All XML strings are encoded in the
same character set. It is the responsibility of TSDuck to convert them in the
appropriate character set when serializing tables and descriptors.

With ATSC multiple string structures, there is no ambiguity. They are part of the ATCS tables and
descriptors definition and are always encoded using the same standard.

With DVB and ISDB, there are several types of ambiguities:

e The ISDB signalization reuses some DVB-defined tables and descriptors but texts are represented
with a non-DVB character encoding. When analyzing or creating such structures, the context (DVB
vs. ISDB) must be known in order to select the appropriate encoding method.

e Invalid DVB encoding: According to [5], the default DVB character set (without explicit character
table code) is I1SO-6937. However, some bogus signalization may assume that the default
character set is different, typically the usual local character table for the region of the operator.
The non-standard default character table must be specified using an option.

2.4.2 TSDuck options for character sets

TSDuck commands and plugins which manipulate tables and descriptors have specialized options to
indicate the character set to use.

By default, the standard DVB text encoding is used in DVB and ISDB structures.

The following options can be used to alter the behavior of TSDuck. They are briefly repeated in the
documentation of all commands to which they apply.

--brazil
A synonym for --default-charset RAW-ISO-8859-15.
All strings are interpreted and generated as ISO-8859-15 without explicit leading table code.
This is a handy shortcut when working on South American ISDB-Tb transport streams.
--default-charset name
Specifiy the default character set to use when interpreting strings from tables and descriptors.

By default, standard DVB encoding is used. See section 2.4.3 below for a list of available
names.

--europe
A synonym for --default-charset ISO-8859-15.

Using this option, all DVB strings without explicit leading table code are assumed to use ISO-
8859-15 instead of the standard ISO-6937 encoding.

This is a handy shortcut for commonly incorrect DVB signalization on some European
satellites. In that signalization, the default character encoding (without leading table code) is
ISO-8859-15, the most common encoding for Latin & Western Europe languages. When an
explicit leading table code is present, then the corresponding character set is used.

--japan
A synonym for --default-charset ARIB-STD-B24.

This is a handy shortcut when working on Japanese transport streams.
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Beyond character sets, in most applications, this option also declares ISDB as default standard,
use Japan as default region name for UHF/VHF bands and activates some specificities for
Japan such as the use of JST time instead of UTC or different semantics for component types.

--philippines

2.4.3

A synonym for --default-charset RAW-UTF-8.
All strings are interpreted and generated as UTF-8 without explicit leading table code.
This is a handy shortcut when working on Philippines transport streams.

Character set names

The available table names for option --default-charset are:

e DVB character sets. The name specifies a standard DVB encoding with a different default character

set.

Without leading table code, the specified character set is used. But if a leading table code is

present, the appropriate character set for that table code is used.

IS0-6937

DVB (synonym for ISO-6937)
ISO-8859-1

ISO-8859-2

ISO-8859-3

ISO-8859-4

ISO-8859-5

ISO-8859-6

ISO-8859-7

ISO-8859-8

ISO-8859-9
ISO-8859-10
ISO-8859-11
ISO-8859-13
ISO-8859-14
ISO-8859-15

UTF-8

UNICODE (in fact UTF-16)

e ARIB character sets (Japan):

ARIB-STD-B24
ARIB (synonym for ARIB-STD-B24)

e Raw DVB character sets. They use the same encoding as their non-raw counterpart but without

any

leading table code. No leading code is interpreted, the specified case is unconditionally used.

Using these character sets is not recommended for general usage.
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RAW-1ISO-6937
RAW-ISO-8859-1
RAW-ISO-8859-2
RAW-ISO-8859-3
RAW-ISO-8859-4
RAW-ISO-8859-5
RAW-ISO-8859-6
RAW-ISO-8859-7
RAW-ISO-8859-8
RAW-ISO-8859-9
RAW-ISO-8859-10
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RAW-ISO-8859-11

RAW-ISO-8859-13

RAW-ISO-8859-14

RAW-ISO-8859-15

RAW-UTF-8

RAW-UNICODE (in fact UTF-16)
e Debug character set.

DUMP

The DUMP character set can be used for debugging. This is not a real character set in the sense that it
does not return a Unicode string from a binary representation.

With this character set, decoding binary data returns a string containing a hexadecimal dump of the
binary data. It is typically used with tstables or tstabdump to display the exact binary content of
strings in tables and descriptors.

Similarly, encoding a string means translating the hexadecimal characters which are contained in that
string into binary data. The input string shall contain only hexadecimal digits and spaces. This
character set is typically used in XML files to force specific binary contents in text areas of tables and
descriptors.

2.5 XML files

2.5.1 Usage of XML files by TSDuck
XML files are used as configuration and data files. They are used as input and output by TSDuck.

For TSDuck users, XML files are mostly used to represent PSI/SI tables. This format can be used
anywhere tables are used, either on input or output. See section 2.2.2 and Appendix C, page 406.

XML files are also used as channel files containing lists of TV channels and the tuning characteristics of
their respective transport streams. Channel files can be created and updated using the command
tsscan. They can be used with the dvb input plugin as "tune to the transport stream of channel ABC,
wherever it is". The format of channel files is documented in Appendix B, page 403.

Finally, XML files are used as configuration files (read-only). They describe the characteristics of UHF
and VHF frequency bands by region (tsduck.hfbands.xml, see appendix A4) and the technical
specifications of various models of LNB's for satellite dishes (tsduck.lnbs.xml, see appendix A.3).
These configuration files are augmented when new information is available. Do not hesitate to request
enhancement of these files through the TSDuck issue tracker (see [44]).

2.5.2 Inline XML content

In most TSDuck commands, if the name of an input XML file starts with "<?xml", it is considered as
inline XML content, meaning that the string in the command line is directly the XML content and not a
file name.

A similar mechanism exists for output XML files. When an application such as ¢sp runs for a long time,
possibly forever, other applications may want to grab XML output files are soon as they are created. In
that case, it is possible to output the whole content of an output XML file as one single line through
the message logger (the standard error device by default). If another application filters the tsp
standard error, it will get each XML file as one single text line. To facilitate the filtering of actual XML
lines, it is possible to specify a marker prefix in the line, typically some easily recognizable pattern. See
the description of the option --log-xml-line in the command #stables and the plugin fables.
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The output of XML files as one single line is also extremely useful for third party applications which
use TSDuck as a library. The C++, Java or Python class named TSProcessor is the equivalent of tsp
inside an application. The log messages which are produced by this class can be processed by user-
defined classes. These user-defined classes can then filter and process XML outputs as soon as they
are produced. Java and Python examples of this features are provided with the TSDuck source code.

2.5.3 XML model files

For each type of XML file, TSDuck uses a mode/ file which describes the expected XML structure of the
corresponding data or configuration file. XML model files use extension .model.xml.

This XML model mechanism can be considered as a minimalist equivalent of XML-Schema, with less
features but much more light-weight.

The command tsxml can be used to test to conformance of XML files to a specific model.
All XML configuration and model files are located in the global TSDuck configuration directory:

e Linux: Jusr/share/tsduck
e macOS: /usr/local/share/tsduck
e  Windows : %TSDUCK%\bin

2.5.4 XML patch files

An XML patch file is a template for transformations to apply on XML files. It is typically used to apply
on-the-fly transformations on various PSI/SI tables by plugins such as pat, pmt, bat, cat, sdt, nit when
the requested transformations cannot be handled by other options.

This XML patching mechanism can be considered as a minimalist equivalent of XSLT, with less features
but much more light-weight.

The command tsxml can be used to test XML patch files on any arbitrary XML file.

2.5.4.1 Structure matching

A patch file is also an XML file. Its structure mimics the structure of XML input files. This is a template
which is compared with the input file. More precisely, each XML element in the patch file (including its
parent hierarchy) is compared with equivalent structures in the input file. To have a match, the node
name and all parent node names must be identical and all attributes which are specified in the node in
the patch file must be present and have the same value in the input file.

As an example, consider the following input XML file:

<tsduck>
<PAT transport_stream_id="1">
<service service_id="10" program_map_PID="300"/> <!-- [1] -->
</PAT>
<PAT transport_stream_id="2">
<service service_id="10" program_map_PID="400"/> <!-- [2] -->
<service service_id="20" program_map_PID="500"/> <!-- [3] -->
</PAT>
</tsduck>

Using the following patch file, the <service> entry matches [1], [2] and [3].

<tsduck>
<PAT>
<service>
</PAT>
</tsduck>

With this patch file, the <service> entry matches [1] and [2] because of the service id attribute:
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<tsduck>
<PAT>
<service service_id="10"/>
</PAT>
</tsduck>

And the next patch file matches only [2] because of the combination of a <PAT> with
transport_stream_id 2 and <service> with service_id 10.
<tsduck>
<PAT transport_stream_id="2">
<service service_id="10"/>
</PAT>
</tsduck>

2.5.4.2 Attribute patching

Once a match is found for a given XML element, it is possible to alter the value of the attributes of this
matching element using special attributes starting with "x-"

The name of these special attributes has the form “x-command-name”. The name part is the name of
an attribute to alter in the element. The possible special attributes are:

e x-add-name="value"
Add the attribute name with the specified value in the matching element. If the attribute
already existed, it is replaced.

¢ x-update-name="value"
Update the attribute name with the specified value in the matching element, only if the
attribute already existed.

e Xx-delete-name=""
Delete the attribute name in the matching element.

2.5.4.3 Element patching

Similarly, the special attribute x-nodeis used to add or delete an entire XML element.

e Xx-node="delete"
The matching node is completely removed.

e Xx-node="add"
In this case, the matching node is the parent one. The inner node with attribute x-node="add"
is added in the matching node (without the special attributes, of course).

2.5.4.4 Examples
Complete examples are available in section 5.1.8.

Smaller examples are shown in the patch file below:

<tsduck>
<PAT>
<service service_id="10" x-add-program_map_PID="1000"/> <l-- 117 -->
<service service_id="20" x-delete-program_map_PID=""/> <l--12] -->
<service service_id="30" x-node="delete"/> <l--13] -->
<service>
</PAT>
<PAT transport_stream_id="100">
<service service_id="80" program_map_PID="800" x-node="add"/> <!-- [4] -->
</PAT>
<PAT transport_stream_id="200" x-node="delete"/> <l-- [5] -->
</tsduck>

In [1], any service with id 10 in any PAT is updated with attribute program_map_PID="1000".
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In [2], in any service with id 20 in any PAT, the attribute program_map_PID is deleted (this results in
an invalid PAT but this is for the demonstation only).

In [3], any service with id 30 in any PAT is deleted.

In [4], in any PAT with transport_stream_id 100, a new service is added with service_id 80 and
program_map_PID 800.

In [5], any PAT with transport_stream_id 200 is deleted.

2.6 JSON and “normalized” report formats

TSDuck uses various text formats for report files. They are briefly described here.

2.6.1 “Normalized” reports

The name "normalized report’ refers to a predictable text format which can be easily parsed using
scripts to automate operations. This is an alternative output format for tools which otherwise produce
reports in a human-friendly readable format which is harder to parse and may change in future
versions.

Normalized reports are created by the commands tsanalyze, tscmp, tsdektec and the plugin analyze.
Each command documents its own normalized format. A normalized report is usually requested using
the option --normalized.

The original idea of normalized reports was a format which could be easily parsed using basic Unix
tools such as grep and sed. See sample usages in sections 5.2.8, 5.2.12, 5.2.13 or 5.2.14.

2.6.2 JSON files

While the previous normalized reports are easy to parse in scripts, they were created in a time where
no widely-used standard parser-friendly format existed. Nowadays, most standard parsable files use
the JSON format.

The open-source tool named jq (for JSON Query) is available on all operating systems as a standard
package and makes the use of JSON files in scripts even easier than grep and sed with normalized
report files.

All TSDuck tools and plugins which can produce normalized report can also produce JSON reports
using the option --json.

With the option --json-line, the JSON text is output as one single line through the message logger
(the standard error device by default). This feature is equivalent to the inline output XML format and
can be useful for third party applications. See section 2.5.2 for details and usage examples.

2.6.3 Automated XML-to-JSON conversion

With TSDuck, JSON is used for analysis reports while XML is used to store more complex configuration
or data structures such as PSI/SI tables.

An application which needs to analyze the PSI/SI tables which are extracted by some TSDuck
command or plugin can simply parse the extracted XML text. Although many tools and libraries exist
to parse XML, some developers may prefer to parse JSON rather than XML. In that case, TSDuck
provides an automated XML-to-JSON conversion.

2.6.3.1 Conversion rules

There is no standard way to convert XML to JSON. Several tools exist and each of them has its own
conversion rules. Because of the differences between XML and JSON, no conversion is perfect and the
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result is sometimes not what would have been specified if JSON had been used from the beginning.
However, the result is usually good enough for automatic parsing in an application.

The translation rules for the TSDuck automated XML-to-JSON conversion are described below. Note
that the default rules can be fine-tuned using an XML mode/ for the input document (see 2.5.3) and
specific command line options (see 2.6.3.2).

Each XML element is converted to a JSON object {...}.

The name of the XML element is an attribute "#name" inside the object.

All attributes of the XML element are directly mapped into attributes in the JSON object.

o By default, attribute values are converted to JSON strings.

o If the XML model has a value for this attribute and if this model value starts with "int"
or "uint" (not case sensitive) and the attribute value can be successfully converted to
an integer, then the value becomes a JSON number.

o Similarly, if the XML model value for this attribute starts with "bool" and the value can
be successfully converted to a boolean, then the value becomes a JSON literal True or
False.

e The children nodes inside an element are placed in a JSON array with name "#nodes".

e Each XML text node is converted to a JSON string. If the XML model has a value for this text
node and if this XML model value starts with "hexa" (not case sensitive), then all spaces are
collapsed inside the string.

o XML declarations, comments and unknown nodes are dropped.

The introduction of the two artificial attributes "#name" and "#nodes" was necessary because of the
differences between XML and JSON. It could have been tempting to use the XML element name as
JSON attribute name and the rest of the XML element (attributes and children nodes inside a JSON
object) as JSON attribute value. However, while an XML element may contain several children
elements with the same name, a JSON object cannot have several attributes with the same name.
Thus, the XML element name had to be pushed inside the JSON element, not as its name, outside of
the object.

Sample XML source:

<PAT version="12" current="true" transport_stream_id="0x0438" network_PID="0x0010">
<service service_id="0x2261" program_map_PID="0x0064"/>
<service service_id="0x2262" program_map_PID="0x00C8"/>

</PAT>

Converted JSON:
{

"#name": "PAT",
"current": true,
"network_pid": 16,
"transport_stream_id": 1080,
"version": 12,
"#nodes": [
{
"#name": "service",
"program_map_pid": 100,
"service_id": 8801
s
{

"#name": "service",
"program_map_pid": 200,
"service_id": 8802

}
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The command tsx/m/ can be used to test the JSON conversion of any arbitrary XML file.

2.6.3.2

TSDuck options for automated XML-to-JSON conversion

The following command line options are used in various TSDuck commands and plugins to fine-tune
the automated XML-to-JSON conversion.

--Xx2j-collapse-text

When converting all XML text nodes into JSON strings, remove leading and trailing spaces.
Also replace all other sequences of space characters (including line breaks) with one single
space.

By default, text nodes are collapsed only when there is an XML model which identifies the text
node as containing hexadecimal content.

--x2j-enforce-boolean

When an attribute in an element contains a boolean value (ie. the string “true” or “false”) but
there is no XML model file to tell if this is really a boolean, force the creation of a JSON literal
True or False.

By default, when there is no XML model, all element attributes are converted as JSON strings.

--x2j-enforce-integer

When an attribute in an element contains an integer value but there is no XML model file to
tell if this is really an integer, force the creation of a JSON number.

By default, when there is no XML model, all element attributes are converted as JSON strings.

--X2j-include-root

Keep the root of the XML document as a JSON object.

By default, the JSON document is made of a JSON array containing all JSON objects resulting
from the conversion of all XML elements under the root.

Usually, in an XML file, there is one root element without attributes. The root of all TSDuck
XML files is a simple <tsduck> element. This single root XML element is required by the XML
syntax but usully carries no useful information. This is why it is removed by default in the XML-
to-JSON conversion.

--x2j-trim-text
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When converting all XML text nodes into JSON strings, remove leading and trailing spaces.

By default, text nodes are trimmed only when there is an XML model which identifies the text
node as containing hexadecimal content.
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3 Transport Stream Utilities

The transport stream toolkit provides a number of command-line utilities. The main one is tsp, the
transport stream processor. The other utilities are small tools which work on transport stream files.

With a few exceptions, the transport stream files are continuous streams of 188-byte TS packets.
These files can also be pipes. With the help of the tsp and its input and output plugins, the TS packets
can be piped from and to various devices and protocols (files, DVB-ASI, DVB-S, DVB-C, DVB-T,
multicast IP, etc.)

The Table 2 lists all transport stream utilities:

Table 2: TSDuck utilities

tsanalyze Analyze a TS file and display various information about the transport stream and
each individual service and PID.

tsbitrate Evaluate the original bitrate of a TS based on the analysis of the PCR's and the
number of packets between them.

tscharset Test tool for DVB and ARIB character sets.

tscmp Compare the binary content of two TS files.

tsconfig Configuration options to build applications (developers only).

tsdate Display the date & time information (TDT & TOT) from a TS file.

tsdektec Control a Dektec device.

tsdump Dump the content of a TS file.

tsecmg DVB SimulCrypt-compliant ECMG stub for system integration and debug.

tsemmg DVB SimulCrypt-compliant EMMG stub for system integration and debug.

tsfixcc Fix continuity counters in a TS file.

tsftrunc Truncate a TS file, removing extraneous bytes (last incomplete TS packet) or
truncating after a specified TS packet.

tsgenecm Generate one ECM using any DVB SimulCrypt compliant ECMG.

tshides List HiDes modulator devices.

tslsdvb List DVB receiver devices.

tsp General-purpose TS processor: receive a TS from a user-specified input plugin, apply
MPEG packet processing through several user-specified packet processor plugins
and send the processed stream to a user-specified output plugin.

tspacketize |Packetize PSI/SI tables in a transport stream PID.

tspcontrol | Send control commands to a running tsp.

tspsi Display the PSI (PAT, CAT, NIT, PMT, SDT) from a TS file.

tsresync Resynchronize a captured TS file: locate start of first packet, resynchronize to next
packet after holes, convert to 188-byte packets (if captured with 204-byte packets).

tsscan Scan frequencies in a DVB network.

tssmartcard | List or reset smart-card reader devices.

tsstuff Add stuffing to a TS file to reach a target bitrate.
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tsswitch Transport stream input source switch using remote control.

tstabcomp PSI / SI table compiler from / to XML files.

tstabdump Dump binary table files, as previously saved by tstables.

tstables Collect specified PSI/SI tables from a TS file. Either display them or save them in
binary files.

tsterinfo Compute or retrieve various DVB-T (terrestrial) information.

tsversion Check version, download and upgrade TSDuck.

tsxml Test tool for TSDuck XML files manipulation.

3.1 Command line syntax

3.1.1 Command line options

All utilities are simple command-line tools. They accept options and parameters. The syntax of options
follows the GNU getopt_long(3) conventions. See the corresponding Linux manual page for details.

In short, this means that all options have a “long name” preceded by a double dash and optionally a
short name (one dash, one letter). Long options can be abbreviated if there is no ambiguity.

Although this syntax is inspired by Linux and the GNU utilities, the same syntax is used on Windows.

As an example, consider a utility which accepts the two options --verbose (short name -v) and --
version (no short name). Then, the verbose mode can be equally triggered by —v, --verbose, --verb
but not --ver since there is an ambiguity with --version.

3.1.2 Integer values in command line options

When an option or parameter is documented to require an integer value (PID, identifier, etc.), this
value can be uniformly specified in decimal or hexadecimal format (with the 0x prefix).

In decimal values, the commas which are used as separators for groups of thousands are ignored.
Since most commands display large values with separators in order to improve the readability, these
values can be simply copied / pasted in subsequent command lines.

Example: The following options are equivalent:

--count 3,100,456
--count 3100456

When the same option is allowed to be specified several times in one command, it is possible to use
ranges of integer values (two values, separated with a dash) instead of specifying all values
individually.
Example: The following sets of options are equivalent:
--pid © --pid Ox20 --pid Ox21 --pid Ox22 --pid Ox23 --pid Ox24 --pid Ox25 --pid 0Ox40
--pid @ --pid 0x20-0x25 --pid 0x40
3.1.3 Predefined common options
All commands accept the following common options:
--debug[=n]

Produce verbose debug output. Specify an optional debug level N. Do not use this option in
normal operation.
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Without this option, no debug output is produced. When the option is specified but not the
level N, the default debug level is 1, that is to say a reasonable amount of information. The
higher the debug level is, the more output is produced.

The amount of debug information depends on the command. Some commands do not
generate any debug information.

--help
The utility displays its syntax and exits.

If either the standard output or the standard error is a terminal, the help text is paged through
a system utility such as less or more, whichever is available. The environment variable PAGER
can be used to specify an alternate pager command with its parameters.

To redirect the help text to a file, you must redirect both the standard output and standard
error. Otherwise, since at least one of the two is a terminal, the pager will be used. Example:

tsp --help &>help.txt
--verbose

Display verbose information.

--version
The utility displays the TSDuck version and exits.

All tsp plugins accept the option--help which provides help on this specific plugin.

3.1.4 Using a pager command

Some commands which produce a very verbose output are automatically redirected to a "pager”
command such as less or more, whichever is available. The redirection is performed only when the
standard output is a terminal.

The environment variable PAGER can be used to specify an alternate pager command with its
parameters.

These commands always define a --no-pager option to disable the redirection even when the
standard output is a terminal.

3.1.5 Partial command line redirection from a file

In any command, it is possible to read some or all options and parameter from a file. The syntax is
"@filename” where filenameis a text file containing options and parameters.

In the text file, each line must contain exactly one item (option name, option value or parameter).

Sample command:

tsp -v @dvb.txt -P until --seconds 20 -P analyze -o out.txt -0 drop

The file dvb.txt contains a list of command line items, one per line. The content of the file dvb.txt
exactly replaces the expression "@dvb.txt".

Sample content of this file:

-1

dvb
--frequency
12,169,000,000
--symbol-rate
27,500,000
--fec-inner
3/4

--polarity
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horizontal
--delivery-system
DVB-S2
--modulation
8-PSK

Note that each line contains exactly one command line item. Spaces or special characters are not
filtered or interpreted. Using that kind of command can be useful in several situations:

e When a custom application generates long and complicated TSDuck commands.

e When the options or parameters contain special characters, spaces or any other sequence
which must be properly escaped with some shells, possibly differently between shells or
operating systems.

Command line parameter redirections can be nested. When one line of such a text file contains a
pattern “"@filename”, the second file is inserted here.

Finally, if a parameter really starts with a @ character (which can be possible in a service or device
name for instance), use a double @@ to indicate that this is a literal @ character and not a redirection.

Consider the following command:
tsp -v @dvb.txt -P zap @@home -0 drop

This command reads parameters from the file dvb.txt to find the tuning options and extracts the
service named “@home” (with one @). The double @ has been used to indicate that this is a literal @.

And since redirections can be nested, the initial @@ escape sequence can also be used inside text files
containing parameters.

3.1.6 Default options from the TSDuck configuration file

It is possible to specify default command line options or alternate options in a global configuration
file. This configuration file is specific per user. See Appendix A, page 399, for a complete reference of
the TSDuck configuration file.

The rest of this chapter documents all TSDuck utilities, in alphabetical order.
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tsanalyze

Transport stream analysis

This utility analyzes a transport stream. It reports either a full analysis of the transport stream, services
and PID's (either in human readable format or normalized format for automatic analysis) or selected
individual information.

The output can include full synthetic analysis (options --*-analysis), full normalized output (options --
normalized and --json) or a simple list of values on one line (options --*-list). The second and third
type of options are useful to write automated scripts.

If output control options are specified, only the selected outputs are produced. If no such option is
given, the default is:

--ts-analysis --service-analysis --pid-analysis --table-analysis
See also the analyze plugin for tsp for the equivalent tool in the context of tsp.
Usage

tsanalyze [options] [input-file]

Input file

MPEG transport stream, either a capture file or a pipe from a live stream. Must be a binary stream
of 188-byte packets. If omitted, standard input is used.

General purpose options

-b value
--bitrate vatue

Specifies the bitrate of the transport stream in bits/second (based on 188-byte packets). By
default, the bitrate is evaluated using the PCR in the transport stream. If no bitrate can be
determined (no user-specified value, no PCR), the analysis will not report the bitrates of the
individual services and PID'’s.

--format name
Specify the format of the input file. See section 2.1.2 for more details.
--no-pager

Do not send output through a pager process. By default, if the output device is a terminal, the
output is paged. See 3.1.4 for more details.

Analysis control options
--abnt

Assume that the transport stream is an ISDB one with ABNT-defined variants. See section 2.3.2
for more details.

--atsc
Assume that the transport stream is an ATSC one. See section 2.3.2 for more details.
--brazil

A synonym for --isdb --abnt --default-charset RAW-ISO-8859-15 --time-reference UTC-3.
See sections 2.3.2 and 2.4.2 for more details.

--default-charset name

Default character set to use when interpreting strings from tables and descriptors.
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By default, standard DVB encoding is used. See section 2.4 for more details.

--default-pds value

Default private data specifier (PDS). This option is meaningful only when the signalization is
incorrect, when private descriptors appear in tables without a preceding
private_data_specifier_descriptor. The specified value is used as private data specifier to
interpret private descriptors.

The PDS value can be an integer or one of (not case-sensitive): BskyB, CanalPlus, EACEM,

EICTA (same as EACEM) , Eutelsat, Logiways, Nagra, NorDig, OFCOM, TPS.
--europe

A synonym for --default-charset ISO-8859-15. See section 2.4 for more details.
--isdb

Assume that the transport stream is an ISDB one. See section 2.3.2 for more details.
--japan

A synonym for --isdb --time-reference JST --default-charset ARIB-STD-B24.

See sections 2.3.2 and 2.4.2 for more details.
--philippines

A synonym for --isdb --abnt --default-charset RAW-UTF-8 --time-reference UTC+8.

See sections 2.3.2 and 2.4.2 for more details.

--suspect-max-consecutive value

Specifies the maximum number of consecutive suspect packets. The default value is 1. If set to
zero, the suspect packet detection is disabled.

Suspect packets are TS packets which are technically correct but which may be suspected of
being incorrect, resulting in analysis errors. Typically, in the middle of a suite of packets with
un-correctable binary errors, one packet may appear to have no such error while it has some
errors in fact. To avoid adding this type of packets in the analysis, a packet is declared as
suspect (and consequently ignored in the analysis) when:

e its PID is unknown (no other packet was found in this PID)

e it immediately follows a certain amount of packet containing errors (see option --
suspect-min-error-count)

e it immediately follows no more than the specified number consecutive suspect packets.
--suspect-min-error-count value

Specifies the minimum number of consecutive packets with errors before starting "suspect”
packet detection. See also option --suspect-max-consecutive. The default value is 1. If set to
zero, the suspect packet detection is disabled.

--time-reference name

Use a non-standard time reference in DVB or ISDB-defined SI. See section 2.3.2 for more
details.

--usa
A synonym for --atsc. See section 2.3.2 for more details.
Output control options

--deterministic

Enforce a deterministic and reproduceable output. Do not output non-reproduceable
information such as system time (useful for automated tests).
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--error-analysis
Report analysis about detected errors.
--global-pid-list
Report the list of all global PID's, that is to say PID's which are not referenced by a specific

service but are standard DVB PSI/SI PID's or are referenced by them. This include, for instance,
PID's of the PAT, EMM's, EIT's, stuffing, etc.

--json
Complete report about the transport stream, services, PID's and tables in JSON output format.
This type of output is useful for automatic analysis in scripts. See an example in section 5.2.29.
--json-line[="prefix"]

Same as --json but report the JSON text as one single line in the message logger instead of
fully formatted output file.

The optional string parameter specifies a prefix to prepend on the log line before the JSON
text to facilitate the filtering of the appropriate line in the logs.

--normalized

Complete report about the transport stream, services, PID's and tables in a normalized output
format (see details below). This type of output is useful for automatic analysis in scripts.

--pes-pid-1list

Report the list of all PID's which are declared as carrying PES packets (audio, video, subtitles,
etc).

--pid-analysis

Report analysis for each PID.
--pid-list

Report the list of all PID's.
--prefix string

For one-line displays (options --*-list), prepend the specified string to all values. For instance,
options --global --prefix -p outputs something like '-p 0 -p 1 -p 16', which is an acceptable
option list for the tsp filter plugin.

--service-analysis

Report analysis for each service.
--service-list

Report the list of all service ids.
--service-pid-1list value

Report the list of all PID's which are referenced by the specified service id.
--table-analysis

Report analysis for each table.
--title string

Display the specified string as title header.
--ts-analysis

Report global transport stream analysis.
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--unreferenced-pid-list

Report the list of all unreferenced PID's, that is to say PID's which are neither referenced by a
service nor known as or referenced by the standard DVB PSI/SL.

-?wide-display
Use a wider grid display with more information on each line.
Generic common command options
The following options are implicitly defined in all commands.
--debug[=n]
Produce verbose debug output. Specify an optional debug level N (1 by default).
--help
Display command help text.
--verbose
Produce verbose messages.
--version
Display the version number.
Normalized output format
In normalized output, each line describes one object (service, PID, table, etc). The format of each line
is:
type:name[=value]:...
The type identifies the kind of object which is described by the line. The name identifies a

characteristics for the object with an optional va/ue. There is no space characters. All integer values are
in decimal format.

The normalized syntax can be used to search for specific objects with specific characteristics. It is
specially designed to extract values using standard UNIX tools such as sed and grep.

Example: The following sample command extracts the list of EMM PID’s for the SafeAccess CAS. The
object typeis pid (at beginning of line) and the two selected characteristics are emm (no value) and
cas with SafeAccess DVB-assigned CA_system_id value (0x4ADC, which is 19164 in decimal).

tsanalyze --normalize ... | \
grep '~pid:' | grep ':emm:' | grep ':cas=19164:' | \
sed -e 's/.*:pid=//' -e 's/:.*//'

Other more complex examples of automated scripts are available in chapter 5.

Obsolescence: Note that this format was designed in the early times of TSDuck. Nowadays, more
modern formats such as JSON are more appropriate. The option --json can be used instead of --
normalized to produce a JSON report. Such as output is easily manipulated and explored using the
open source tool jq.

Normalized object types

The list of #ype, at beginning of lines, is the following:
ts: Global transport stream description. There is always one single ts line.

global: Summary of global PID’s, ie. not attached to a specific service. There is always one
single global line.

unreferenced: Summary of unreferenced PID's, ie. neither global nor attached to a specific
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service. There is always one single unreferenced line.

service: Description of one service. There is one service line per service.

pid: Description of one PID. There is one pid line per PID.

table: Description of one table on one PID. There is one table line per unique table per
PID.

time: Time description, either from the TDT/TOT tables or from the running system.

Normalized transport stream characteristics

The characteristics in ts: lines are:

:id=1int:
:packets=1int:
:bytes=int:
:services=int:

:clearservices=int:

:scrambledservices=int:

:pids=int:
:clearpids=int:
:scrambledpids=int:
:pcrpids=int:
:unreferencedpids=int:
:invalidsyncs=1int:
:transporterrors=int
:suspectignored=int
:bitrate=int:
:bitrate204=int:

:userbitrate=int:

:userbitrate204=int:

:pcrbitrate=int:

:pcrbitrate204=1int:
:duration=int:

:country=name:

Optional. Transport stream id, when found.

Total number of TS packets.

Total number of bytes.

Number of services.

Number of clear (not scrambled) services.

Number of scrambled services.

Number of PID's.

Number of clear (not scrambled) PID's.

Number of scrambled PID's.

Number of PID’s with PCR's.

Number of unreferenced PID's.

Number of TS packets with invalid synchronization byte.
Number of TS packets with transport error indicator.
Number of suspect TS packets which were ignored in the analysis.
Best value for transport stream bitrate in b/s.

Same as previous, based on 204-byte packets.

User-specified value for transport stream bitrate in b/s. Zero if none.
When used within £sp plugin, the user-specified bitrate comes from
previous plugins in the chain.

Same as previous, based on 204-byte packets.

Estimated transport stream bitrate in b/s, based on PCR analysis. Zero
if unable to analyze PCR (no or not enough PCR, too many
discountinuities, etc.)

Same as previous, based on 204-byte packets.
Duration of transmission in seconds, based on TS bitrate.

Optional. First region name in TOT.

Normalized global and unreferenced PID’s summary characteristics

The characteristics in global: and unreferenced: lines are:

:pids=int:
:clearpids=int:
:scrambledpids=int:
:packets=1int:

:bitrate=int:
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Total number of global or unreferenced PID's.

Number of clear (not scrambled) global or unreferenced PID’s.
Number of scrambled global or unreferenced PID's.

Total number of TS packets in global or unreferenced PID's.

Total bitrate of global or unreferenced PID's.
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raccess=type:

:pidlist=int,int,...
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Same as previous, based on 204-byte packets.

Value is scrambled if there is at least one scrambled PID in the category
and clear otherwise.

List of global or unreferenced PID’s.

Normalized service characteristics

The characteristics in service: lines are:

:id=1int:
:tsid=int:
:orignetwid=int:
:servtype=int:

raccess=type:

:pids=int:

:clearpids=int:

:scrambledpids=int:

:packets=1int:
:bitrate=int:
:bitrate204=1int:
1ssu:

ct2mi:

:pmtpid=int:

:pcrpid=int:

:pidlist=int,int,...

:provider=name:

.name=name

Service id.
Transport stream id.
Original network id.
Service type.

Value is scrambled if there is at least one scrambled PID in the service
and clear otherwise.

Number of PID's in the service. Note that ECM PID’s are also included.
Number of clear (not scrambled) PID's in the service.

Number of scrambled PID'’s in the service.

Total number of TS packets in the service.

Total bitrate of the service in b/s.

Same as previous, based on 204-byte packets.

Optional. Indicate that the service carries a System Software Update PID.

Optional. Indicate that the service carries a T2-MI (DVB-T2 Modulator
Interface) PID.

Optional. PID of the service’s PMT.

Optional. PCR PID of the service, as declared in the PMT.
List of PID's in the service.

Service provider name.

Service name. Note that this is always the last item in the line. The value
is not terminated by a colon (':"). So, if a colon is present, it is part of the
service name.

Normalized PID characteristics

The characteristics in pid: lines are:

:pid=int:
:pmt:
recm:
remm:
:cas=int:

:operator=int:

raccess=type:

:cryptoperiod=int:
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PID number.

Optional. Indicate that this is a PMT PID.

Optional. Indicate that this is an ECM PID.

Optional. Indicate that this is an EMM PID.

Optional. Related CA_system_id for ECM or EMM PID's.

Optional. Related CA system operator id, when applicable, for ECM or
EMM PID's.

Value is scrambled if there is at least one scrambled packet in the
PID and clear otherwise.

Optional. Average crypto-period duration in seconds for scrambled
PID's, when it can be evaluated.
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:streamid=1int:

raudio:
:video:

:language=name:

:servcount=int:
:unreferenced:
:global:
:servlist=int,int,...:

:ssuoui=int,int,...:

:t2mi:
:plp=int,int,...:
:bitrate=int:
:bitrate204=1int:
:packets=int:
:clear=int:
:scrambled=int:
:af=int:

:pcr=int:
:discontinuities=int:

:duplicated=int:

:invalidscrambling=1int:

:pes=int:
:invalidpesprefix=int:

:unitstart=int:

:description=string

tsanalyze

Optional. PES stream_id in PES packet headers when the PID carries
PES packets and all PES packets have the same stream_id.

Optional. Indicate that this is an audio PID.
Optional. Indicate that this is a video PID.

Optional. Indicate the language for the PID. Can be found on audio or
subtitles PID's.

Number of services which reference this PID.
Optional. Indicate that this is an unreferenced PID.
Optional. Indicate that this is a global PID.
Optional. List of service id which reference this PID.

Optional. List of manufacturers OUI for System Software Update data
PID's.

Optional. Indicate that the PID carries a T2-MI stream.
Optional. List of T2-MI PLP (Physical Layer Pipe) id.
Bitrate for this PID in b/s.

Same as previous, based on 204-byte packets.

Total number of TS packets in this PID.

Number of clear (not scrambled) TS packets in this PID.
Number of scrambled TS packets in this PID.

Number of TS packets with adaptation field in this PID.
Number of TS packets with PCR in this PID.

Number of discontinuities in this PID.

Number of duplicated TS packets in this PID.

Number of TS packets in this PID with invalid scrambling control
value.

Optional. Number of PES packets, for PID's carrying PES.
Optional. Number of invalid PES prefix, for PID's carrying PES.

Optional. Number of PUSI (payload unit start indicator), for PID's not
carrying PES.

Human-readable description of this PID. Note that this is always the
last item in the line. The value is not terminated by a colon (':'). So, if
a colon is present, it is part of the description.

Normalized table and sections characteristics

The characteristics in table: lines are:

:pid=int:
:tid=1int:
:tidext=1int:
:tables=int:
:sections=int:

:repetitionms=int:
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PID number on which the table is found.

Table id.

Optional. Table id extension, for long sections only.
Total number of occurences of the table.

Total number of sections for this table.

Optional. Average repetition rate in milliseconds (can be computed
only if the transport stream bitrate is known).
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:minrepetitionms=1int:

:maxrepetitionms=1int:

:repetitionpkt=int:

:minrepetitionpkt=int:

:maxrepetitionpkt=int:

:firstversion=int:

:lastversion=int:

:versions=int,int,...:

tutc:
:local:
(tdt:
ctot:

:system:

cfirst:

:last:

:date=dd/mm/yyyy:
:time=hhhmmmsss:

:secondsince2000=1nt:

:country=name:
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Optional. Minimum repetition rate in milliseconds (can be computed
only if the transport stream bitrate is known).

Optional. Maximum repetition rate in milliseconds (can be computed
only if the transport stream bitrate is known).

Average repetition rate in TS packets interval.
Minimum repetition rate in TS packets interval.
Maximum repetition rate in TS packets interval.

Optional. Version number of first occurrence of the table. For long
sections only.

Optional. Version number of last occurrence of the table. For long
sections only.

Optional. List of all version numbers of the table. For long sections
only.

Normalized time characteristics

The characteristics in time: lines are:

Optional. The specified time is UTC.

Optional. The specified time is local time.

Optional. The specified time is extracted from a TDT.
Optional. The specified time is extracted from a TOT.

Optional. The specified time is an operating system time, not extracted
from the transport stream.

Optional. The specified time is the first one in its category (first TDT or
TOT, system time of first packet).

Optional. The specified time is the last one in its category (last TDT or
TOT, system time of last packet).

Date part of the time, example: “24/11/2008".
Hour, minute and second part of time, example: “14h12m45s”.

Number of seconds since 15t January 2000. Can be used to compute
duration, to compare time values, etc.

Optional. First region name in TOT, if the time comes from a TOT.
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tsbitrate

Bitrate evaluation from PCR

This utility evaluates the original bitrate of a transport stream based on an analysis of the PCR's
(Program Clock Reference timestamps) and the interval between them. This is especially useful for
captured files where the transmission bitrate information is lost.
Usage

tsbitrate [options] [input-file]
Input file

MPEG transport stream, either a capture file or a pipe from a live stream. Must be a binary stream
of 188-byte packets. If omitted, standard input is used.
Options
-a
--all

Analyze all packets in the input file. By default, stop analysis when enough PCR information
has been collected.

-d
--dts

Use DTS (Decoding Time Stamps) from video PID's instead of PCR (Program Clock Reference)
from the transport layer.

--format name

Specify the format of the input file. See section 2.1.2 for more details.
-f
--full

Full analysis. The file is entirely analyzed (as with --all) and the final report includes a complete
per PID bitrate analysis.

-1
--ignore-errors
Ignore transport stream errors such as discontinuities.

When errors are not ignored (the default), the bitrate of the original stream (before
corruptions) is evaluated. When errors are ignored, the bitrate of the received stream is
evaluated, missing packets being considered as non-existent.

--min-pcr value

Stop analysis when that number of PCR's are read from the required minimum number of
PID's (default: stop after 64 PCR's on 1 PID).

--min-pid value
Minimum number of PID to get PCR’s from (default: stop after 64 PCR's on 1 PID).

-v
--value-only

Display only the bitrate value, in bits/seconds, based on 188-byte packets. Useful to reuse the
value in command lines.
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Generic common command options
The following options are implicitly defined in all commands.
--debug[=n]
Produce verbose debug output. Specify an optional debug level N (1 by default).
--help
Display command help text.
--verbose
Produce verbose messages.
--version

Display the version number.
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tscharset

Test tool for DVB and ARIB character sets

This utility performs manual string encoding and decoding using various DVB and ARIB character sets.
It can be used to evaluate the validity of conversions.

By default, the converted data is displayed on one line. With the --verbose option, more details are
displayed such as the string in UTF-8 or UTF-16 format.
Usage
tscharset [options]
Options
--brazil
A synonym for --default-charset RAW-ISO-8859-15. See section 2.4.2 for more details.
-C
--c-style
Output binary data in C/C++ syntax, using 0x prefix.
The result can be easily copied into C/C++ source code.
-d hexa-digits
--decode hexa-digits
Decode the specified binary data according to the default character set.
The encoded data shall be represented as binary digits. Spaces are ignored.
--default-charset name
Specify the character set to use when encoding or decoding strings.
By default, standard DVB encoding is used. See section 2.4 for more details.
-e "string"
--encode "string"
Encode the specified string according to the default character set.
See also options --from-utf-8 and --from-utf-16.
--europe
A synonym for --default-charset ISO-8859-15. See section 2.4 for more details.

-6

--from-utf-16
With --encode, specify that the parameter value is a suite of binary digits representing the
string in UTF-16 format. There must be an even number of bytes.

-8

--from-utf-8
With --encode, specify that the parameter value is a suite of binary digits representing the
string in UTF-8 format.

--japan
A synonym for --default-charset ARIB-STD-B24. See section 2.4.2 for more details.

-1

--list-charsets

List all known character set names
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-0 file-name
--output file-name

Output file name. By default, use standard output.

--philippines
A synonym for --default-charset RAW-UTF-8. See section 2.4.2 for more details.
--to-utf-16
With --decode, display an hexadecimal representation of the decoded string in UTF-16
format.

With --verbose, this option is redundant because the string is already displayed in plain form
and in UTF-16 representation.

--to-utf-8
With --decode, display an hexadecimal representation of the decoded string in UTF-8 format.
With --verbose, use UTF-8 instead of UTF-16 for the alternate representation of the string.

Generic common command options

The following options are implicitly defined in all commands.

--debug[=n]
Produce verbose debug output. Specify an optional debug level N (1 by default).

--help

Display command help text.

--verbose

Produce verbose messages.

--version

Display the version number.
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tscmp

Transport stream files comparison

This utility compares the binary content of two transport stream files. Selected fields may be omitted
in the comparison to allow comparing files which went through different PID remapping or
resynchronization process.

Usage

tscmp [options] filename-1 filename-2
Input files
MPEG transport stream files to be compared.
Options
--buffered-packets value
Specifies the files input buffer size in TS packets. The default is 10,000 TS packets.

-b value
--byte-offset value

Start reading the files at the specified byte offset (default: zero).
--cc-ignore

Ignore continuity counters when comparing packets. Useful if one file has been
resynchronized.

-C
--continue
Continue the comparison up to the end of files. By default, stop after the first differing packet.
-d
--dump

Dump the content of all differing packets. Also separately dump the differing area within the
packets.

-f name
--format name

Specify the format of the input files. See section 2.1.2 for more details.
By default, the format of each input file is automatically detected and can be different from
one file to another. When the option --format is specified, the two input files must have the
same format.

-3

--json
Report in JSON output format (useful for automatic analysis).

--json-line[="prefix']
Same as --json but report the JSON text as one single line in the message logger instead of
fully formatted output file.

The optional string parameter specifies a prefix to prepend on the log line before the JSON
text to facilitate the filtering of the appropriate line in the logs.
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--normalized

Report in a normalized output format (useful for automatic analysis).

-p value
--packet-offset value

Start reading the files at the specified TS packet (default: zero).

--payload-only

Compare only the payload of the packets, ignore header and adaptation field.

--pcr-ignore

Ignore PCR and OPCR when comparing packets. Useful if one file has been resynchronized.

--pid-ignore

-q

Ignore PID value when comparing packets. Useful if one file has gone through a remapping
process.

--quiet

-S

Do not output any message. The process simply terminates with a success status if the files
are identical and a failure status if they differ.

--subset

Specifies that the second file is a subset of the first one. This means that the second file is
expected to be identical to the first one, except that some packets may be missing. When a
difference is found, the first file is read ahead until a matching packet is found. Without this
option, missing packets in the second file cause all the rest of the file to be considered as
different.

See also --threshold-diff.

-t value
--threshold-diff value

When used with --subset, this value specifies the maximum number of differing bytes in
packets to declare them equal. When two packets have more differing bytes than this
threshold, the packets are reported as different and the first file is read ahead. The default is
zero, which means that two packets must be strictly identical to declare them equal.

If you find this explanation unclear, try it with a second file which contains both missing and
corrupted packets...

Generic common command options

The following options are implicitly defined in all commands.

--debug[=n]

Produce verbose debug output. Specify an optional debug level N (1 by default).

--help

Display command help text.

--verbose

Produce verbose messages.

--version

54 /471

Display the version number.
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tsconfig

Configuration options to build applications (developers only)

This command is installed only with the TSDuck development environment on Unix systems (Linux and
macOS). It generates the various build options for the current operating system and is used by
developers to build their applications.

Without any option, tsconfig displays all configuration options. With one or more specific options, it
outputs command line options for the compiler, the linker or installation commands.
Usage
tsconfig [options]
Input files
MPEG transport stream files to be compared.
Options
--bin
Outputs the directory for TSDuck executables.
--cflags
Outputs the pre-processor and compiler flags.
In a makefile, this is used in CFLAGS and CXXFLAGS.
--config
Outputs the directory for TSDuck configuration files.
Extensions should store their .xml or .names files there.
--help
Display command help text.
--include
Outputs the include directory.
--1ib
Outputs the directory for TSDuck dynamic libraries (except plugins).
Extensions should store their tslibext_xxx.so libraries there.
--libs
Outputs the library linking flags.
In a makefile, this is used in LDLIBS.
--plugin
Outputs the directory for TSDuck plugins.
Extensions should store their tsplugin_xxx.so libraries there.
--prefix
Outputs the installation prefix.
--static-1libs
Outputs the static library linking flags.
In a makefile, this is used in LDLIBS.
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