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1 Home

1.1 Welcome to the HARCToolbox project!

2011-01-10 Initial version. Creation of domain
www.harctoolbox.org.

2012-05-01 Incorporated IrpMaster and IrMaster as sub
projects, just as lirc2xml (moved from my personal
home site) and the LIRC CCF patch (published
for the first time). General reconstruction of site.
Release of version 0.1.2 of IrpMaster, version
0.1.2 of IrMaster, version 0.7.0 of Harctoolbox
(unfinished...), aswell asthe version 0.1.2 of

lirc2xml.

2012-06-07 Updated for the release of version 0.2.0 of IrMaster
and IrpMaster. The document on transforming
XML new.

2012-08-19 Updated for the release of version 0.3.0 of IrMaster
and release 0.2.1 of IrpMaster.

2012-11-18 Updated for the release of version 0.3.1 of IrMaster
and release 0.2.2 of IrpMaster.

2014-02-02 Reorganized, for version 1.0.0 of IrScrutinizer, etc.

2014-06-12 Updated for the new releases: version 1.1.0 of

IrScrutinizer, version 1.0.1 of IrpMaster, IrMaster,
and Girr, version 0.3.0 of Jirc, version 0.9.1 of
HarcHardware, version 0.2.1 of GuiComponents.

2014-09-27 Updated for the new releases: version 1.1.1 of
IrScrutinizer, version 1.0.2 of IrpMaster, IrMaster,
and Girr, version 0.9.2 of HarcHardware, version
0.2.2 of GuiComponents.

2015-04-16 Updated for the new releases: version 1.1.2 of
IrScrutinizer, version 1.0.3 of IrpMaster, IrMaster,
and Girr, version 0.9.3 of HarcHardware.

2015-09-10 Updated for the new releases: version 1.1.3 of
IrScrutinizer.

2016-01-08 Arduino hardware new pages. Glossary extended
and improved.

2016-04-20 Updated for the new releases: version 1.1.3 of
IrScrutinizer. New page IR resources. Glossary
extended.
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2016-05-04 New page Infrared2Arduino and its API docul.
2016-08-30 New version 1.3 of IrScrutinizer.

2017-03-16 New version 1.4 of IrScrutinizer.

2019-08-12 New entry IrpTransmogrifier. New version 2.0.1

of IrScrutinizer. Deleted Jirc page. (no longer
existing as command line program (Lirc2Xml),
however gtill existing as APl and component of
IrScrutinizer.).

Table 1: Revision history

| New program IrpTransmogrifier. New release of IrScrutinizer 2.0.1. |

1.1.1 History

Since 2006 | have been writing software, designed file formats, and classified remote
control signals, revolving around infrared remote control and home automation. The old
"main project” (old harctoolbox) isthe original project. It deals with descriptions of IR
protocols and signals, device descriptions, and descriptions of their interconnection.

In early 2011 | came to the conclusion, that my work on IR protocols was a dead end
street. It was better to connect to and use the Internet knowledge, notable the so-called
IRP notation, that was excellently formalized by Graham Dixon in early 2010. This
started the IrpMaster project, in which the IRP notation was completely implemented
(with one exception, which is rather a specification flaw than an omission of practical
importance).

For IrpMaster, the goal was correctness and completeness, without any compromises for
user friendliness. In particular, it does not contain a graphical user interface. Its command
line interface appears as inaccessible to the GUI-centered user. Instead, the project
IrMaster was started, to allow a user friendly, interactive access to the functionality

of IrpMaster. Asagraphical "meta program”, it also fulfills some other tasks, seeits
documentation.

Early 2013 | planned to extend IrMaster with more functionality, in particular the
possibility to capture IR signals and to import IR signals from many other sources and file
formats. Originally, | planned to extend IrMaster with this new functionality; however,

| decided to start on a brand new program, IrScrutinizer, which basically combines
amost al that fitsin an IR program. One of the reasons was that | was unhappy with

the somewhat suboptimal code structure of IrMaster. The first version was released on
November 2013. IrMaster was declared as no longer developed, promoted to version
1.0.0, which was released in February 2014.
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In the light of these projects, the main project harctoolbox has gone slightly "stale”, and it
needs to be restructured.

The program lirc2xml was posted on the LIRC mailing list in 2009 (without any

response :-), and has been residing on my private web page since then. For IrScrutinizer,

| wanted this functionality incorporated. A natural way would be to turn lirc2xml to
ashared library with NI interface. However, discouraged by the experiences from
DecodelR, | wanted a pure Java solution, and ported the part of LIRC needed to parse and
interpret the configuration filesto Java. Thisisthe Jirc project.

LIRC CCF: The ideato modify the LIRC server to allow for directly sent CCF signals
was originally sent to mein private mail from Bitmonster (of Eventghost). | made a
preliminary version some time later, this was communicated to him and submitted to the
then-maintainer Christian Barthelmus, who promptly rejected it (some more detailsin the
documentation). Thisisitsfirst real "publishing”.

There are presently over 80000 lines of source code in Java on this site, code in other
languages, or by other authors not counted.

The present work is copyrighted by myself, and available under the GNU General Public
License version 3. In the future, it may also be available under additional conditions,
so-called dual licensing. (If interested in acommercial license, please contact me.) File
formats are in the public domain, including their machine readable descriptions, i.e. DTD
and schemafiles.

Asaworking project name, as well as in the Java module names, the name Harc,

which is simply an acronym for "Home Automation and Remote Control”, was used.
Unfortunately, that name is far too generic to register as an Internet domain. Thereis even
a Sourceforge project named Harc, (inactive since 2002). For this reason the project was
renamed to HARCToolbox early 2011, and the domain www.harctoolbox.org created.

1.1.2 Overview

IrpMaster is avery advanced renderer of infrared signals. That is, from an abstract
description consisting of a protocol name, and some parameter values, it computes the
corresponding infrared signal, as a sequence of gaps and flashes. It isintended to be
used both from its API, as well as an interactive (command line) program, both offline
(generating files etc) aswell asin real-time applications (generating signals to be sent to
hardware equipment). The program does not attempt to be "user friendly”, and does not,
e.g., contain agraphical user interface. It is now obsoleted by IrpTransmogrifier.

IrpTransmogrifier isalibrary and program for IRP notation protocols, with rendering,
decoding, analyzing, and code generation applications. Thisis anew program, written
from scratch, that isintended to replace IrpMaster, Decodel R, and much more. The
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project consists of an API library that is also callable from the command line as a
command line program.

IrMaster's main purpose isto be a user friendly user interface to IrpMaster. But it does not
end there: it also integrates/interfaces with other projects, like the alternative, "classical”
IR renderer Makehex, the Decodel R "inverse renderer”, the analyzelR library, the
Harctoolbox main project etc. It can generate export filesin different formats, it can
address networked hardware directly (presently Global Caché, IRTrans LAN module,

and a patched LIRC server. (Please note that IrMaster and Irpmaster are two different
projects. IrMaster depends on IrpMaster, but not vice versa.) It is now obsoleted by
IrScrutinizer.

IrScrutinizer is a powerful program for capturing, generating, analyzing, importing, and
exporting of infrared (IR) signals. For capturing and sending IR signals several different
hardware sensors and senders are supported. IR Signals can be imported not only by
capturing from one of the supported hardware sensors (among others: IrWidget, Global
Caché, and Arduino), but also from a number of different file formats (among others:
LIRC, Wave, Pronto Classic and professional, RMDU (partially), and different text
based formats; not only from files, but also from the clipboard, from URLS, and from
file hierarchies), aswell asthe Internet IR Databases by Globa Caché and by IRDB.
Imported signals can be decoded, analyzed, edited, and plotted. A collection of IR signal
can thus be assembled and edited, and finally exported in one of the many supported
formats. In addition, the program contains the powerful IrpMaster IR-renderer, which
means that almost all IR protocols known to the Internet community can be generated.

There are some support projects, independent in the sense of a separate package. First,
there is the subproject HarcHardware, containing a number of classes for hardware
access. Thisis believed to be of interest also for other projects. Secondly, the subproject
GuiComponents (no documentation page present!) contains a number of, in principle,
recyclable components, often in the form of Java Beans. Although it was written and
conceived as a support project for IrScrutinizer, it is not unlikely that they can be used
directly in other programs.

As described in the introduction, the main project is presently dlightly "stale”.

In the context of the LIRC project, there is alarge body of recoded infrared signalsin
"LIRC format". For many users of home automation and remote control, it would be
desirable to use this knowledge outside of the LIRC framework. Unfortunately, the LIRC
format (I i r cd. conf ) isisall but well documented. The program lirc2xml therefore
uses LIRC itself to decode and export its signals, here to (somewhat arbitrarily) an XML
file, that can be further processed.

Finally, the LIRC patch for CCF signals describes an enhancement to the LIRC server.

1.1.3 Content

* Arduino Nano IR hardware, part 1 and part 2.
» IrScrutinizer, very powerful genera purpose IR program.
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IrMaster, a predecessor to IrScrutinizer.

IrpTransmogrifier, the new IR renderer/decoder/analyzer.

IrpMaster, the old and obsolete IR renderer.

Glossary and terms.

HarcHardware, hardware related functionality.

Girr, a specification of ageneral exchange format for IR signals

Generic IR Server, a specification of agenera IR server AP

An annotated list of IR resources on the Internet.

HarcT oolbox, the old main project.

Transforming XML Export from Ir(p)Master, atutoria article on generating
"interesting stuff" (here, C code) from the XML export. Appliesto IrpMaster and
IrMaster, not IrScrutinizer, thus somewhat obsolete.

Lirc2xml, a program for extracting IR codes from LIRC files. Predecessor to Jirc, thus
obsolete.

Improved lirc driver for the Raspberry Pi.

Raspberry Pi daughter board for IR and RF transmission and reception.

LIRC CCF patch, to make the LIRC server more usable.

Relationship to other, similar projects.

Downloads, mostly obsolete.

1.1.4 Other links

IrScrutinizer tutorial. Aimed at the beginner and quite easy to read.

SB-Projects IR Remote Control Theory. A very good place to start leaning about IR
protocols. Covers the basics of infrared signals, and its modulation. Not too long, not
too "dummy"-oriented.

JP1 wikiMany articles, of different ages and qualities, are collected here.

1.2 NEWS!!

1.2.1 Latest news!

New versions (1.2) of IrScrutinizer etc. New page: IR resources.

1.2.2 History

2011-01-10

Initial version. Creation of domain www.harctoolbox.org.

2012-05-01

Incorporated IrpMaster and IrMaster as subprojects, just as lirc2xml (moved from my
personal home site) and the LIRC CCF patch (published for the first time). Genera
reconstruction of site. Release of version 0.1.2 of IrpMaster, version 0.1.2 of IrMaster,
version 0.7.0 of Harctoolbox (unfinished...), aswell asthe version 0.1.2 of lirc2xml.
2012-06-07
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Updated for the release of version 0.2.0 of IrMaster and IrpMaster. The document on
transforming XML new.

2012-08-19

Updated for the release of version 0.3.0 of IrMaster and release 0.2.1 of IrpMaster.
2012-11-18

Updated for the release of version 0.3.1 of IrMaster and release 0.2.2 of IrpMaster.
2014-02-02

Whole site reworked. New programs IrScrutinitzer, Jirc. New libraries Girr,
HarcHardware. New hardware support Improved Lirc driver for Raspberry Pi. New
articles Girs IR server specification, description of a |R/RF daughter board for the
Raspberry Pi, and a Glossary. New versions of IrpMaster (1.0.0) and IrMaster (1.0.0).
2014-06-12

New versions of IrScrutinizer, IrpMaster, Girs, Jirc.

2014-09-27

New versions of IrScrutinizer, IrpMaster, Girs, GuiComponents, HarcHardware.
2015-04-16

New versions of IrScrutinizer, IrpMaster, Girs, GuiComponents, HarcHardware.
2016-01-08

New pages. Arduino Nano IR hardware, part 1 and part 2.

2016-04-30

New versions (all called 1.2) of IrScrutinizer, IrpMaster, Girs, HarcHardware. New
page: IR resources.

1.3 Interaction with other projects

1.3.1 Revision history

2011-01-09 Initial version, derived fromold har c. xm .

2014-02-02 Update.

1.3.2 Introduction

HARCToolbox interacts with other projects within the area. It can be pointed out

that in the case of Java projects, Harctoolbox uses unmodified jar-files; in the case of
shared libraries (. so or . dl | ) these are also used in an unmodified state. In no case,
Harctoolbox "borrows" code from the projects. Also, in thisway additional functionality
isimplemented, none of which is of essential (like import/export of a certain file format).
Differently put: should the need arise to eliminate "derivedness’, only minor, nonessential
functionality will be sacrificed (or needs to be implemented anew).

Also see the copyright notices in the individual programs/projects, where more third-party
software is listed.
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1.3.3 LIRC: Linux Infrared Remote Control

LIRC isawell established, mature, and active free software project. It isused in very
many free software projects. It contains support for alarge number of infrared senders
and receivers, some sane hardware designs, other possibly less sane. Thereare also a
large number of user contributed configuration files for different IR remote controls and
devices, in genera consisting of leaned commands. A network enabled LIRC server
consists of the software running on a host, listening on a network socket, containing one
or more IR transmitter or transmitter channels. A client sends requeststo, e.g., transmit a
certain command for a certain device type. Since Harctoolbox can talk to a network LIRC
server (see sourceinthefilel i rc. j ava), thereisalarge number of IR senders that
Harctoolbox in thisway "indirectly" supports. Unfortunately, the configuration files are
residing on the LIRC server only; there is no way to request the transmission of asignal
the server does not know in its data base. (A patch for this was submitted by myself, but
rejected by the maintainer. It is available here.

From its IR data base, Harctoolbox can generate configuration files for LIRC.
IrScrutinizer, using Jirc, which isatrandation of LIRC to Java, LIRC files can be
imported and tranglated to other formats.

LIRC islicensed under GNU General Public License, version 2 or later. However,
Harctoolbox is not a derived work; it contains no LIRC code, and is not linked to any
libraries. It optionally "talks" to a LIRC server, but this functionality is entirely optional.

1.3.4JP1

The JP1 project is avery unigue project. It aims at complete control over the remotes
made by Universal Electronics (UEIC), which include the brand names "One For All" and
"Radio Shack". Through careful study of its hard- and firmware, techniques for custom
programming a remote, equipped with a 6-pin connector (on the remote’'s PCB called
"JP1", giving the project its name) was developed. Thus, an off-the-shelf remote can be
taken much beyond its original capacities. Most importantly, it can be programmed from
acomputer to generate "arbitrary” IR-signals.

RemoteMaster is a program for, among other things, creating so-called device updates.
These device updates can be produced by Harctoolbox, as rmdu-exports. Thus, for

an IR-controlled device in the Harctoolbox database, a suitable JP1-enabled remote
control can be made to send the appropriate IR-signals. (There are some details, that

will be documented somewhere else.) RemoteMaster is presented as an interactive GUI
program, however, it can also (although thisis not supported) be called through a Java
API. Harctoolbox presently uses version 1.89, which is not the current version. Although
it seemsto lack all copyright notices, it isreferred to as "open source" and GPL.

IrScrutinizer can "amost" import and export RemoteM aster's device upgrade files. Since
thisis dependent on some rather intricate protocol dependent transformations between
the JP1-specific "EFC"-numbers and the function codes, | consider it as a better ideato
extend RemoteMaster to import and export the general Girr format of IrScrutinizer.
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Another tool from the JP1 project is Decodel R by John Fine, available under the

GNU General Public License, version 2 or later. It consists of ashared library

(Decodel R dI' | or Decodel R. se), written in C++, together with a Java wrapper
(Decodel R. j ar). To build that jar file, also thisfileis needed. The tool attempts

to decode an IR-signal in CCF form into awell known protocol with device number,
command number, possibly subdevice number and other parameters. See the IR protocols
pane in the GUI.

1.3.5 IRScope

Together with appropriate hardware, the Windows program |RScope by Kevin
Timmerman is very useful to "record”, and optionally analyze unknown IR-signals
(again, using the same Decodel R as above). The log files generated by this program can
be directly parsed, seethecodeini ct _par se. j ava or the IR protocols pane. The
program is licensed under GNU General Public License, version 2 or later. Harctool box
neither uses code or links to it, and is not a derived work.

IrScrutinizer can replace IrScope.

1.3.6 Tonto

Tonto is normally referred to as an aternate configuration ("CCF") editor for the first
generation of the Philips Pronto remote controls. It is afree replacement for the original
ProntoEdit program, written by Stewart Allen, licensed under the GNU General Public
License, version 2. Being written in Java, it runs "everywhere", in contrast to the original
Windows-only program. It also contains a Java API. Harctoolbox and IrScrutinizer use
the Tonto API (in the form of thefilet ont 0. | ar) to import CCF files, and to generate
CCF filesfor devicesin its data base. (The latter are supposed to be more of atarget for
aliasing, than a directly usable user interface.) Unfortunately, the project is inactive since
2004.

1.3.7 IRDB

IRDB isaweb site that describes itself as"one of the largest crowd-sourced,
manufacturer-independent databases of infrared remote control codes on the web, and
aspiring to become the most comprehensive and most accurate one". IrScrutinizer can
directly import a set of IR signals from this data base. Interestingly, the site uses software
from this site extensively.

1.3.8 wakeonlan

Harctoolbox uses wakeonlan (licensed under the GNU L esser General Public License), a
small Javalibrary for implementing WOL -functionality.
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1.3.9 Java Readline

The interactive command line uses the Java Readline (licensed under the GNU L esser
General Public License), which of course only makes sense when used in conjunction
with the GNU Readline library, which islicensed under GNU General Public License,
version 2 or later.

1.3.10 Sunrise/Sunset

Harctoolbox uses the sunrise/sunset Java library (see also Blog) by LuckyCat Labs/Mike
Reedell (licensed under the Apache License 2.0). (which is considered as "compatible"
with GPL3). ThisisaJavalibrary for computing sunrise and sunsets. | have implemented
some improvements, which | intend to publish shortly.

1.4 Impressum

Responsible for thissiteis Dr. Bengt Martensson, webmaster @harctoolbox.org. With the
exception of my other two sites (www.bengt-martensson.de and www.bengt-martensson-
consulting.de), I am not responsible for the content of linked sites, over which | have

no control. At the time of the original publishing, no illegal or otherwise questionable
content on linked sites was known to me.

1.5 Legal

Thissiteis Copyright (c) 2011, 2012, 2013, 2014 by Bengt Martensson. All rights
reserved.

Software or software fragments ("patches") are published under the GPL 3 license.
Thisalso appliesto al XML-files on the site. File formats and their machine readable
descriptions (DTD and Schemas, extension . dt d amd . xsd) arein the public domain.
Other material (text, pictures, and style elements) are not to be reused without
permission of the author, but may be linked to (including " deeplinks").

It is possible that information or downloads from this page can cause damage to your
hardware, software, or anything else. In particular, sending undocumented IR commands
to your equipment may damage or even destroy it. It can also not be excluded that usage
or downloads, or usage of herein described software, will violate applicable laws, or
agreements. By using information or downloads from this page, you agree to take the full
responsibility yourself, and not hold the author responsible.
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2 Current

2.1 Current program and articles

2014-02-02
2016-01-08
2016-04-30
2019-08-12

2022-05-13

Table 1: Revision history

2.1.1 Content

HARCToolbox

Initial version.
Updated for Arduino hardware articles.
Updated with IR resources.

Moved IrMaster and IrpMaster to old.
IrpTransmogrifier new entry. Deleted Jirc.

Moved Lirc CCF, lirc_rpi and rpi_daughterboard to
old. IrpTransmogrifier new entry. Deleted Jirc.

This page consists of atable of content of currently maintained programs, libraries, and
articles.

Arduino Nano as IR sender and receiver.

Arduino Nano as IR sender and receiver, second part.

IrScrutinizer, avery advanced IR program.

IrpTransmogrifier, a parser for IRP notation protocols, with rendering, code
generation, recognition applications, as alibrary and command line program.
HarcHardware, a number of Java classes for hardware related functionallity.
Girr (General InfraRed Remote format), a specification for ageneral IR signal

exchange format. Also alibrary for itsimplementation.
Girs (Genera InfraRed Server), a specification for aclass of IR servers.

Glossary and terms.

IR signal resources on the Internet. An annotated collection of links.

Downloads.

2.2 Arduino Nano as IR sender and receiver

2016-01-08
2016-02-10

2020-04-21

Initial version.

Fixed some broken links. Uploaded some missing
pics.

Minor updates of the things changed during last
four years.
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Table 1: Revision history

2.2.1 Introduction

In this article, we present asimple, yet quite powerful, microprocessor-based IR sender
and receiver as ado-it-yourself project. It is particularly geared towards IrScrutinizer and
Lirc, but other usages are also possible.

As presented here, there are components for IR transmission, demodul ated- and non-
demodulated IR reception, and signaling LEDs. All of these are optional.

For the ease of assembly, components are soldered directly to the holes of the PCB. For
pins that should be connected to ground or to +5V, these are sometimes GPIO pins, which
in software are assigned a constant LOW or HIGH level.

The current article is aimed at beginners. AsaDIY project, it can be considered

"simple to medium" on a scale from very simple to very hard. Elementary experience
with soldering of electronic componentsis assumed, as well as installation of system
components in Windows or Linux. It isalso necessary to be able to program the flash
memory of the Arduino with its the Arduino IDE. However, no programming knowledge
isrequired.

The price for the componentsis around 8 EUR or 9 USD.

Thereis asecond part of this article, covering some details that, for easy accessibility by
inexperienced readers, were left out of the current work.
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2.2.2 Component selection

For the ease of reading, this section is written without mentioning alternatives. These
are instead discussed in the second part. For the same reason, links to data sheets for the
mentioned componentsis found only in that part.

The appendix contains the complete bill of materials.

2.2.2.1 Processor board

As processor board, we select an Arduino Nano-clone (Version 3.0 or 3.1). These can be
purchased e.g. on Ebay for avery low price (< 3 EUR) from Asian manufacturers. To be
useful for us, it should come with amini-USB socket, and with bare holes (i.e. without
pins) at the sides, see the photos. It should also be equipped with an ATmega328 5V, but
that appears to hold for everything currently offered.

The delivery from an Asian seller using the cheapest shipping option may take a month or
longer.

00 Q00 COCITIDL

The Arduino Nano clone as delivered in an anti-static bag. The solder pinsin the upper
part of the packing are not needed, and can be disposed.
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The board unpacked. Note the mini USB connector to the left.
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The same board from bel ow.

All of the following components are optional, and can be left out if a certain functionality
isnot desired. Nevertheless, | recommend incorporating all. The components are really
not that expensive.

2.2.2.2 IR sending diodes

For maximal sending performance, we use one IR LED with narrow beam together with
one with wider beam, thus combining the advantages. We select the Osram SFH4544 and
SFH4546. These are connected in serial, together with a 68 ohm resistor. If sending is not
required, these can be left out.

The IR LEDs before assembly. It can be seen that the SFH4544 has a slightly longer
housing than the SFH4546. Also note that, as opposed to most other LEDS, the cathode
pinisthelonger one.

2.2.2.3 Non-demodulating sensor

This alows for very accurate measurements of a possibly completely unknown IR signal,
including measurement of the modulation frequency. This use caseis called capturing or
learning. It is not well suited for deployment reception of IR signals, for example in the
context of Lirc. (Lirc cannot use this sensor.) We select the Vishay TSMP58000.
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2.2.2.4 Demodulating Receiver

Thisis meant for deployment reception of known IR signals, allowing reception over
avery long distance. Thisuse case is called reception. It is not very well suited for
"learning”. We select the Vishay TSOP34438.

The demodulating sensor TSOP34438 (top) and the non-demodulating sensor
TSVP58000 (bottom).

2.2.2.5 LEDs (for visible light)

LEDs must always be connected using series resistors. Since discrete resistors would
increase the component count, and thus the assembly difficulty, instead we use LEDs
with built-in resistors. The 3mm 5V LEDs from Kingbright fit perfectly into the Arduino
holes, and are not very much more expensive than normal LEDs. They are availablein
red (WP710A10I1D5V), yellow (WP710A10Y D5V), and green (WP710A10SGD5V);
unfortunately not in other colors.

Here, we use ared LED asthe first one, ayellow one as second, and a green one as third.

These are purely for signaling and debugging purposes, and can be left out without any
functional penalty.
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2.2.3 Assembly

The TSMP58000 goes to the holes D8, D9, and D10; the lense facing outwards (see
pictures). Likewise the TSOP34438 goesinto pins D5, D6, and D7.
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Then, thered LED is soldered to pins AO and Al. Unfortunately, thereis no marking
on the housing indicating anode or cathode. Instead, the cathode is the shorter pin, and
should go to AO. Likewise, the yellow LED go to pin A2 (shorter pin/cathode) and A3.
The green LED go to pin A4 (cathode/short) and A5.
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The IR LEDs are dlightly harder: The cathode of one (does not matter which) should be
connected to the "GND" hole, the forth hole from the right in the upper row (assuming
that the mini-USB connector points to the left). Then the anode should be connected to
the cathode of the other one. Finally, the anode of the other one should be connected
through the resistor to pin D3. On the Osram IR LEDs, the cathode is marked by aflat
area on the housing. Here is obviously room for some creativity. Consider my pictures as
asuggestion only.
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| On the Osram IR LEDS, the cathode pin is the longer one, as opposed to most other LEDS(!!). |

2.2.4 Drivers etc

To be used by any program, the device has to be recognized by the operating system by a
driver. On Windows, it will be available asa COM device, like COVL2 or such, on Linux
and MacOSX adevicelike/ dev/ t t yXXXX, acting like a serial device.

2.2.4.1 Windows

While the original Nanos use FTDI FT232RL for serial communication, and should be
used with FTDI drivers, thisis both technically and legally not possible or not feasible for
the clones, which instead use a CH340 chip.

My Windows 10 system identifies these boards automagically as USB- Seri al CH340
in the device manager, see the screen-shot below. Using other versions of Windows, it
may be necessary to download and install a CH340 driver manually.

The device shows up in the device manager as in the following screen shot (marked
yellow):
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File Action View Help
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™ Print queues

[ Processors

a Cofr e d oo

Note the device name that the Windows has assigned to it, here COVB.

2.2.4.2 MacOS X

Thisis presently a somewhat tricky issue, and is discussed on a multitude of placesin
internet. This page contains both a seemingly working driver and some discussion. This
will make the board available with aname like/ dev/ t t ywchusbseri al XXX (for
XXX athree digit number).

2.2.4.3 Linux

It seemslike al Linuxes| have tried automatically detects the board and makes it
availableas/ dev/ t t yUSBO (or / dev/ t t yUSBL etc if the first oneis aready taken).
Usethe shell command | s / dev/ tty???7? tofind out exactly which. The deviceis
typically only accessible for root and the members of the group di al out , see Appendix.

2.2.5 Firmware

For getting the firmware onto the processor, ether the sources can be compiled, or a
binary directly uploaded to the board (often called "flashing"). Being a"dummies’ guide,
we only cover the second method here. The first method is covered in the second part.
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For us, acompiled binary isatext filein aspecial format (called a hex file). A suitable
such is provided here.

In al cases, aprogram, avrdude, is needed to write the date to the flash memory of the
board. This must first be installed.

2.2.5.1 Windows

For Windows, the smplest way to install avrdude is probably to install the Arduino IDE.
To flash the firmware, download GirsLite-1.0.2-nano-flasher.bat, and make the necessary
changes of the pathname of avrdude and the COM-port where the board resides.

2.2.5.2 MacOS X

Instructions for a simple upload are not available for MacOS. Please use the standard
Arduino IDE as described here.

2.2.5.3 Linux

Depending on the Linux distribution used, avrdude can be installed with acommand like
sudo dnf install avrdude (RPM based systemslike Redhat including Fedora)
orsudo apt-get install avrdude (Debianderived systems). Then, connect
the board, and make sure that gets the device/ dev/ t t yUSBO. It can now be flashed
by the script GirsLite-1.0.2-nano-flasher.sh. Thisis run without arguments, asit contains
the firmware to be flashed. Executing with sudo may be necessary, if the system is not
configured correctly.

2.2.6 Use in IrScrutinizer

First open the device for sending: Select the Sendi ng hw -> G rs client pane
Select "Seria" and then the appropriate serial port. If the board has been connected after
the program was started, it may be necessary to press the "Refresh” button to see the port
in the pull-down menu. Press "Open". (This probably causes a reset of the board, causing
all the LEDsto go on. If this does not happen, it is not a problem either.) The version

of the firmware should now be reported in the field to the right of the "Open™ button.
Thered LED should come on to signal that the board is waiting for acommand. The
checkbox "Use receive for capture” makes IrScrutinizer use the demodulating sensor for
captures. Thisleads normally to inferior results, and should be used only if, e.g., the non-
demodulating sensor is missing.
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-
v IrScrutinizer (powered by IrpTransmogrifier) version 2.2.4

File Edit Actions Options Tools Help
f(_l% Scrutinize signal Scrutinize remote r ‘:‘; Generate rza Import rE:’ Export I/]; Sending hw r/’ Capturing hw

(Global Caché r Lirc rfdevflirc rfﬁ’ IrTrans rw Audio Port rA IrToy r Girs Client rCommandFusinn |

Ethernet
(;? Open
Serial Port bits/s Open or close connection to device. |
| | | ‘ ‘ | Version  Girslite 1.0.2
[ ] Use receive for capture

Modules: base transmit capture receive led parameters

| f}Transmitscrutinized | ‘ [}Transmitgenerated | Count :

For receiving, select the board by selecting " Capturing hw. -> Girs Client. Then press
the "Test" button, (the red LED should now go out and the yellow go on) and, using any
IR remote, fire acommand at the (non-demodulating) sensor. The measured frequency
and the recorded timings should now be printed to the console. Hopefully, thereisalso a
decode.
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r 4
v IrScrutinizer (powered by IrpTransmogrifier) version 2.2.4 - + X

File Edit Actions Options Tools Help

((_J% Scrutinize signal Scrutinize remote r \?fg Generate r?_a Import rE:f Export r ]E Sending hw r;’ Capturing hw

( [=] Irwidget rGIobaI Cacheé r LIRC Mode 2 rfdewlirc rA IrToy r Girs Client rCommandFusion |

This device can be used both for capturing and sending.

It is configured and opened from the "Sending hw" pane.

vg« Device Opened 5 Jump to Configure/Open

[+9008,-4519,+565,-563,+563,-561,+566,-561,+566,-561,+564,-563,+563,-561,+565,-561,+ 566,-1688,+565,-1690,+ 566,-1688,+566,-1690,+ 563,-1 690, +

65,-1688,+566,-1690,+566,-1689,+564,-1690,+566,-1688,+566,-1690,+563,-1690,+565,-1680,+564,-1690,+566,-561,+564,-563,+563,-561,+ 566,-561,+ 56
6,-561,+564,-561,+566,-561,+566,-561,+563,-1690,+566,-1690,+563,-1690,+565,-38918,+9010,-2292,+538,-65535,+9011,-2282 +538,-65535,+ 901 2,-22
92,+537,-65535]

f=38461

MECL: {D=128,F=31,5=255}

[This is the console, where errors and messages go. Press right mouse button for r
|

For more verbose logging of the communication between the program and the Arduino,
select Opt i ons -> ver bose. (Please do so before searching help.)
2.2.7 Use in Lirc

Since some time (since release version 0.9.4), the Girs driver is officially included in the
Lirc sources. The linked documentation describes in detail how to use the board with
Lirc.

2.2.8 ...and now?

The easy part is now finished. There is a second part for nerds...

2.2.9 Appendix A. Bill of material

1 Arduino Nano 3.x
(clone) with mini USB,
bare holes

1 SFH 4546 Osram Infrared Emitters - High

Power Infrared 940nm

1 SFH 4544 Osram Infrared Emitters - High
Power Infrared 940nm
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1 TSMP58000 Vishay Infrared Receivers IR
Receiver Module

1 TSOP34438 Vishay Infrared Receivers IR
Sensor 1C 38kHz

1 WP710A10ID5V Kingbright Standard LEDs -
Through Hole Red
25med 625nm 40 deg
5V resistor

1 WP710A10Y D5V Kingbright Standard LEDs -
Through Hole Yellow
15mcd 588nm 40 deg
5V resistor

1 WP710A10SGD5V Kingbright Standard LEDs -
Through Hole Green
25mced 568nm 40 deg
5V resistor

1 Resistor - Through Hole
68ohm, 1/4W

Hereis abasket at Mouser, not containing the Arduino Nano board.

2.2.10 Appendix B. Accessing devices in Linux

Linux, being a multi user system by design, protects the devices from access by the "non-
authorized". In order to access deviceslike/ dev/ t t yUSBO without being root, the
recommended procedure is to include the current user in the appropriate group, in general
di al out (or the older name uucp) and/or | ock. How thisis done differs between the
different Linux distributions, but istypically

sudo usernod -aG dial out, | ock user

(with current user name substituted for user .
For IrScrutinizer, see also this.

2.3 Arduino Nano as IR sender and receiver, part 2: details

2016-01-08 Initial version.
2016-01-11 Added section for symlink-broken systems.
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Table 1: Revision history

2.3.1 Introduction

This document is a supplement to the first part. It contains some additional information,
left out of the first part for the ease of accessibility.

A third part is planned, elaborating on further possibilities of AGirs, and showing
some hardware solutions, in particular on more capable boards than the ATMega328 of
Ardiuino Nano/Uno.

2.3.2 The AGirs Software

Girsisagpecification for amodular command language for command language of a
server, capable of sending and receiving IR commands, and more. "Modular" means

that an implementation can select whether to implement different "subsets® (called
modules) or not. AGirsis aproject that implements a subset of the Girs specification

on the Arduino platform. It is highly configurable using C pre-processor symbols and a
configuration file. GirsLiteis aspecia configuration of AGirs, aimed at IrScrutinizer and
Lirc. Previoudly, there existed another configuration called Girs4Lirc, aimed specifically
at Lirc, but it has now been merged into GirsLite.

The AGirs package allows alot of other nice things, like sending and decoding some
IR protocols directly (presently only NEC1 and RC5), support for LCD display and
anumber of signaling LEDs, named commands (a data base (like Lirc) of commands
identified by names like Pl ay), support for sending RF commands, Ethernet (TCP and
UDP sockets) support (instead of using the serial port). See the documentation in the

project.
AGirsisnot afinished project. Cooperation is welcome.

2.3.3 Alternative Components

There is nothing magic about the selection | have made in part 1. Many different
alternatives exist, which will be discussed next.

The Nano board and the ATMega328 are hardly "hot" any longer. However, its
performance and memory configuration is more than enough for simple applications,
likein IrScrutinizer and Lirc. If considering "hotter" alternatives, note that ATMega328
boards can supply (up to) 40mA on the GPIO pins, more than enough to shoot an IR
signal with one or two high-performance LEDs at quite a distance. The modern 32bit
processors typically are specified for 7mA, making a driver transistor, (like 2N7000/
BS170) necessary.

The main reason for the selection of the Osram IR LEDs is that the black packaging looks
cool :-). Many other aternatives, for example the Vishay TSAL6100 (narrow beam) and
the TSAL6200 (wide beam) exist. However, be sure to use IR LEDs with awavelength

of 940-950nm, corresponding to Consumer IR, not a 890nm component, intended for use
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with IRDA. An IR LED of the latter type will almost surely "work", but with non-optimal
performance.

Of course, using only one LED is also an option. Be sure to check the resistor value, see
the Appendix.

(Some) aternatives to the TSMP58000 are TSMP58138, TSMP1138, and TSMP4138
(the latter is found to the right on the IrScrutinizer splash screen). They all have similar
properties, very good amplification, but ends at around 60kHz modulation frequency.
The smaller sensors, QSE157 (used in the IrWidget, now end-of-life and replaced by
OPL551), QSE159 (used in IrToy), Honeywell SDP8610 can also be used, but due to its
smaller effective sensor area, makes the sensitive range smaller. Also, the "small” onesin
genera do not run on 3.3 Volts.

| Note that the different chips arein genera not pin compatible. Bu sure to check the data sheet. |

All of the sensors mentioned have inverting output, which is what the firmware expects.
There are also sensor with non-inverting output available. These are not directly
supported.

The experiments | have made with photo diodes (potentially being able to handle much
higher modulation frequencies) show that the range reduces to millimeters.

Alternative IR Receivers. First, note that the last two digits of the number indicates the
modulation frequency. For areceiver, thisis to be understood as the center frequency of
a band-passfilter. An IR receiver marked "38kHz" will work quite well for modulation
frequencies between 36 and 40kHz (at |east). (See e.g. Figure 5 in the data sheet for
TSOP34438). Asfar as| know, al "universal" IR hardware, IrToy, Iguana, TIRA, USB/
UIT, CommandIR,... come with 38kHz receivers. However, if searching the optimal
solution for a certain remote or protocol etc, getting the optimal receiver tuned to the
actual modulation frequency is definitely not abad idea.

2.3.4 Testing the firmware

When the sketch is started, as a self test, the (visible light-) LEDs, and the "pinl3"-
LED, areturned on for two second. Thisisthe first test, requiring no additional hard- or
software.

When running the GirsLite sketch, the board is nothing but a server in the sense of the
Girs Command Language. It can be accesses by programs like IrScrutinizer and Lirc
(using its Girs driver), but also by humans using aterminal program, like the serial
monitor of the Arduino IDE. For this, set the baud rate to 115200, and the line ending
to carriage return. It is now possible to communicate with the unit using the terminal
program. Just type the command to the program, and the unit will respond. Onelinein,
one (possibly long) line out. GirsLite supports the commands nodul es, ver si on,
transmt,anal yze,recei ve,and| ed. All commands can be abbreviated to
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thefirst letter. For example, to test ther ecei ve command, just type "r" (without

the quotes), followed by return, and fire asuitable IR signal at the receiver. The raw
capture will be output to the terminal program. Using the clipboard, it can be pasted to
IrScrutinizer, and analyzed. Also the other commands can be tested in this way.

2.3.5 Compiling the sources

First install the latest Arduino IDE (at the time of thiswriting, thisis 1.6.7) from
arduino.cc. (Do not use "1.7.x" from ar dui no. or g.)

Some proficiency using the Arduino IDE isrequired. Thisis covered at the Arduino site.

Download and unpack the AGirs software. Copy, move, or link sr ¢/ G r sLi b therein
to your Arduino libraries folder. Then download and unpack Infrared4Arduino repository
into your Arduino libraries folder.

Asis common in the Open Source/Git community, this project contains symbolic
links to organize the sources and prevent duplication. This usage is not discouraged in
any document | have seen so far, neither in the Git handbook nor in the Github texts.
However, on Windows this can cause problems, at least for some Git implementations.
Long story short: if src\ G rsLite\ G rsLite. cpp just containstheline

../ Grs/ Ars.cpp,then delete the file and replaceit by thefilesrc\ G r s
\Grs. cpp.

Now connect the board and start the Arduino IDE on thefilesrc/ G rsLi t e/
GrsLite.ino.InTool s -> Boards select Ardui no Nano.InTools ->
Processor select ATnega328.InTool s -> Port select the port the board is
currently connected to (COMN (for some N) on Windows, / dev/ t t yUSBO or similar
with Linux,...). Pressing the "upload" button will now (hopefully!) compile the program
and upload ("flash") it onto the board.

2.3.6 Appendix. Computing the current through the IR LEDs

Given n IR LEDs connected in series between ground and aresistor R to the voltage V.
Compute the current | through the components! For this, first guess the answer | (say
40mA, which isthe maximal current from the AtMega328 GPIO pins). Then use the
data sheets for the IR LEDs to determine the forward voltage over thei-th IR LEDs, V;
(typicaly 1.4V). So the voltage over RisthusV - (V1 + ... + Vp), and, by Ohm'slaw | =
(V-(V1+ ...+ Vp))/R Now go back and check that the original guess was reasonable,
and repeat it necessary. For V, thisis clearly "somewhat" lower than Vcc, see Figure
29-163 in the ATMega328 datasheet. 4.5V might be a reasonable value.

From a practical point of view, using the standard USB as power, it seems reasonable to
simplify theformulasas| = (4.5- n 1.4)/R.
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2.3.7 Appendix. Configuration of udev for Linux

Linux (the subsystem udev readlly) assigns a connected Arduino a device file name of
theform/ dev/tt yACVnh, in some cases/ dev/ t t yUSBn, where n is the smallest
non-negative integer not yet taken. This can cause unpredictable behavior, not only when
using several Arduinos, but also in context of other device using the same names, like
IrToys. By using custom rules to udev this difficulty can in general be circumvented.

Since there are so many different manufacturers of "Arduino-compatible" hardware,

"al" having different vendor id and product id, there is no single simple answer. Some
comes with a unique serial, cheaper clonesin general not. As aguide to the reader, not as
adefinite answer, thisismy / et ¢/ udev/ rul es. d/ 10- ar dui no. rul es.

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="0043", ATTRS{i dVendor}=="2341", SYM.|I NK+="ar dui no
ar dui no_uno ardui no_uno_%$attr{serial }"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="7523", ATTRS{i dVendor}=="1a86", SYM.|I NK+="ar dui no
ar dui no_nano_gi nheng"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="2303", ATTRS{i dVendor}=="067b", SYM.I NK+="ar dui no
ar dui no_nano_prolific"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="6001", ATTRS{i dVendor}=="0403", SYM.|I NK+="ar dui no
ardui no_nano_ftdi ardui no_nano_ftdi_$attr{serial}"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="8037", ATTRS{i dVendor}=="2341", SYM.|I NK+="ar dui no
ar dui no_m cro"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="8036", ATTRS{i dVendor}=="2341", SYM.|I NK+="ar dui no
ar dui no_| eonar do"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="0042", ATTRS{i dVendor}=="2341", SYM.|I NK+="ar dui no
ar dui no_nega ardui no_nega_$attr{serial }"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="804f", ATTRS{i dVendor}=="2a03", SYM.|NK

+="ar dui no. org ardui no_nD_pro"

SUBSYSTEMS=="usb", ATTRS{i dProduct}=="2111", ATTRS{i dVendor}=="03eb", SYM.|NK

+="ar dui no_n0_pro_prog"

Note that these are not "real" names but symbolical links, like extra, alternative names.
They are not really usable for the present version of IrScrutinizer. For Lirc, it can be
useful however.

2.3.8 References

1. Reference documentation for the Arduino Nano board. For clones (which arein
genera based on the open-sourced Eagle files), thisis aso in general quite reliable,
the main difference is that the clones do not use a FTDI chip but a CH340 chip.
Schematics for the Arduino Nano board. Same remark as above.

Data sheet for ATmega328 (and some others).

IR LEDs Osram SFH4544, IR LED with narrow beam (half angle + 10°), data sheet.
IR LEDs Osram SFH4546, IR LED with wide beam angle (half angle + 20°), data
sheet.

Non-demodulating IR sensor TSMP8000, data sheet.

Demodulating IR Receiver TSOP34438, data sheet.

a kr wDn

N o
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2.4 IrScrutinizer documentation

Thisisareference manual. It iswritten for completeness and correctness, not for accessibility.
For an easier introduction, see this tutorial. Or, just try the program, and come back to the
manual if and when you need it.

Sending undocumented IR commands to your equipment may damage or even destroy it. By
using this program, you agree to take the responsibility for possible damages yourself, and not to
hold the author responsible.

2013-11-12 Initial version.

2013-12-01 Next unfinished version.

2014-01-22 Version for release 1.0.0, still leaving much to be
desired.

2014-06-07 Version for release 1.1.0, some fixes, much still to
be done.

2014-09-21 Version for release 1.1.1, some more fixes and
enhancements.

2015-04-07 Version for release 1.1.2, installation issued
reworked. Misc. minor improvements.

2015-08-19 Version for release 1.1.3. Misc. minor
improvements.

2016-01-13 Added description for user selectable character sets
for import and export.

2016-04-29 Version for release 1.2. Misc. minor improvements.

2016-08-30 Version for release 1.3. Misc. minor improvements.

2017-03-12 Version for release 1.4. Misc. minor improvements.

2019-08-09 Version for release 2.0.0. Not complete...

2020-05-03 Updated installation instructions.

2020-05-20 Minor updates for version 2.2.6.

2020-07-30 Updated building instructions.

2022-05-13 Updated for 2.4.0: Considerable update and

rewrite, for upcoming release 2.4.0.

2022-12-19 Misc. fixes and updates.
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2023-12-17 Accessing HarcHardware command line is now
supported in Applmages.

2023-12-26 Removed leftover references to the "minimal json™
aswell as Fedore dnf tonto.

2024-01-05 Removed Global Cache IR database.

2024-03-12 Added link to Lirc imports with and without timing
info. Updated command line parameters. Misc
fixes and updates.

Table 1: Revision history

2.4.1 Introduction

IrScrutinizer is a powerful program for capturing, rendering, analyzing, importing,

and exporting of infrared (IR) signals. For capturing and sending IR signals several
different hardware sensors and senders are supported. IR Signals can be imported not
only by capturing from one of the supported hardware sensors (among others: IrWidget,
Globa Caché, Command Fusion, and Arduino), but also from a number of different

file formats (among others: Lirc, Wave, CML, Pronto Classic and -professional, and
different text based formats; not only from files, but also from the clipboard, from URLS,
and from file hierarchies), aswell asthe Internet IR Databases by Global Caché and by
IRDB. Imported signals can be decoded, analyzed, edited, and visualized. A collection
of IR signal can thus be assembled and edited, and finally exported in one of the many
supported formats. In addition, the program contains the powerful IrpTransmogrifier IR-
renderer, which means that amost all IR protocols known to the Internet community can
be generated.

Written in Java (with the exception of two native libraries), most of the functionality of
the program is available on every Java platform. The native library (NRJavaSerid) is
presently available for 32- and 64-bit versions of Windows, Linux (x86, amd-64, arm
version 7), and MacOsX, and can with moderate effort be compiled for other platforms.
(Thelibrary DevSlashLirc is available (and meaningful!) for Linux only.)

For someone with knowledge in the problem domain of IR signals and their
parametrization, this program is believed to be simple to use. This knowledge is assumed
from the reader. Other can acquire that knowledge either from the JP1 Wiki or, e.g., this
link.

Note that screen shots are included asillustrations only; they may not depict the current
program completely accurately. They come from different versions of the program, using
different platforms (Linux and Windows), and using different "look and feels'.

Sources are hosted on Github. Bug reports and enhancement requests are welcome (e.g.
as discussions, issues), or as contributions (code, testing, documentation, use cases,
protocols etc.).
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The present document is written more for completeness than for easy accessibility. For an
easier introduction, see thistutorial.

Here are the current release notes.

2.4.1.1 Background

In 2011 | wrote an IR signal "engine" called IrpMaster. It can also beinvoked as a
command line program. Then a program called IrMaster was released, which among
other things constitutes a user friendly GUI front end to IrpMaster. The present program,
IrScrutinizer, was also based on IrpMaster, and adds functionality from IrMaster, in
particular the possibility to collect IR signals, a vastly improved import and export
facility, and edit collections of IR commands. IrScrutizer aimost completely replaces
IrMaster. The final version of the latter was released in February 2014, dlightly ironically
called version 1.0.0. No further development is planned.

The final version of IrScrutinizer using IrpMaster and the decoding engine Decodel R
iscaled 1.4.3, and is available here. Since version 2.0.0, the newer IR engine
IrpTransmogrifier has replaced IrpMaster, Decodel R and Analyzer.

2.4.1.2 Copyright and License

The program, as well as this document, is copyright by myself. My copyright does not
extend to the embedded "components”, like Jirc. IrpTransmogrifier isusing ANTLR4 and
depends on the run time functions of ANTLR4, which is free software with BSD license.

The "databasefile" | r pPr ot ocol s. xm isderived from Decodel R.html, aswell as
many, many discussions with, and contributions from, members of the JP1 community,
thus | do not claim copyright.

The program uses JCommander by Cédric Beust to parse the command line arguments. It
is free software with Apache 2 license.

Icons by Everaldo Coelho from the Crystal project are used; these are released under the
LGPL license.

The Windows installer was built with Inno Setup, which is free software by Jordan
Russel. To modify the user's path in Windows, the Inno extension nodpat h by Jared
Breland, distributed under the GNU L esser General Public License (LGPL), version 3.

Serial communication is handled by the Neuron Robotics NRSerial Port library licensed
under the LGPL v 2.1 license. (Thisisafork of the discontinued RXTX library.)

Lirc (Linux Infrared Remote Control) is according to its web site copyright 1999 by
Karsten Scheibler and Christoph Bartelmus (with contribution of may others), and

islicensed under GPL 2. The parts used here have been trandated to Java by myself,
available with the name Jirc.

For Pronto Classic support, Tonto by Stewart Allen was used. It islicensed under the
"Clarified Artistic License".
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The program contains icons from Dangerous Prototypes and IrTrans. These are used
exclusively in the context of these firms, and only used to illustrate their products.
Theiconsfor JP1 and Lirc are also exclusively used to illustrate the community, their
products, and files.

The program and its documentation are licensed under the GNU General Public License
version 3, making everyone free to use, study, improve, etc., under certain conditions.

File formats, their description in human- or machine-readable form (DTDs, XML
Schemas), are placed in the public domain.

2.4.1.3 Privacy note

Some functions (Help -> Project Home page, Help -> IRP Notation Spec, Help ->
Protocol Specs, Tools-> Check for updates) access the Internet using standard http calls.
This causes the originating machine's | P-address, time and date, the used browser, and
possibly other information to be stored on the called server. If thisis a concern for you,
please do not use this (non-critical) functionality (or block your computer's Internet
access).

2.4.2 Overview

Next ahigh-level view of the different use cases will be given.

Analyze (" Scrutinize") individual IR Signal/lr Sequence

An IrSignal or IrSequence can be captured from connected hardware, or imported
from filesin different formats, the clipboard or from Internet databases. The
IrSegquence can be broken into a beginning-, repeat- and ending sequence, and
decoded, analyzed, and plotted. It can be exported in different formats, or sent to
different transmitting hardware.

Analyze/edit/compose/export collectionsof IR signals (" " remotes")

A collection of commands can be assembled either from individua IR signals (as
above), captured several at atime, or imported from filesin different formats, the
clipboard, or from Internet databases. The collection and the individual commands
can be edited as in a spreadsheet. It can be exported in a number of different formats.
Generate (render) IR Signalsfrom known protocols

IR Signals can be generated from the Internet's largest protocol data base, containing
over 100 protocol. Necessary protocol parameter values are to be entered. Thus
generated signals can be analyzed as single signals, incorporated into remotes, or
exported to files— also from e.g. intervals of parameters.

2.4.3 Installation

2.4.3.1 Download

The latest official release is always available here.
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In addition, there are continuous integration builds, at least most of the time. These are
build from a snapshot of the current sources. Because of this, they are more likely to be
unstable, contain bugs, or even to be outright useless.

2.4.3.2 General

IrScrutinizer, and all but two of its third-party additions, are written in Java, which means
that it should run on almost all current computer: Windows, Linux (including Raspberry
Pi), Macintosh, etc. Many of the installation options come with its own contained Java,
for the other options, the Java runtime (presently version 8 or later) must be installed. The
exception isthe native part of NRJavaSer i al , which are written in C, and invoked

as native, shared library (. dl I inWindows, . so inLinux, . j ni | i b in Mac OS X).
For Linux, thereis also the Dev Sl ashLi r c library, for accessing Lirc compatible
hardware. If the shared libraries are not available on for a particular platform it is not
amajor problem, as most parts of IrScrutinizer will work fine without it; just the serial
hardware access, or the access to certain hardware will be unavailable.

In al versions, IrScrutinizer behave civilized, in that the installation directory is not
written to, and thus can be read-only as soon as the installation has taken place.

To use al functionality of the program, it may be necessary to explicitly white-list some
portsin afirewall. These are listed here.

There are five different way of installing the program, described next.

2.4.3.3 Windows

Download the Window setup file and double click it. Select any installation directory you
like; suggestedisC: \ Program Fi | es\ I rScruti ni zer. Select creation of the start
menu folder and the desktop icon (unless you prefer it otherwise). If administrator rights
are present, the recommended installation location isin a subdirectory of Pr ogr am

Fi | es. Otherwise the program can be installed in any directory writable by currently
available user rights. The setup comes with a Javaruntime, but it is also possible to use
acompatible, existing installation. IrScrutinizer can now be started fromSt art - >

| rScrutinizer -> IrScrutinizer,orfromthe desktop icon.

Sometimes Windows will refuse to install programs from sources that it does not consider
as trustworthy. It may then be necessary on Settings -> Apps & featuresto select on
"Choose where to get apps’ to something el se than "The Microsoft store only".

If desired, the installer will associate. gi r r fileswith the program, alowing them to be
opened by double clicking them.

Theinstaler will also install the command line program IrpTransmogrifier, which can
becaledasi r ptransnogri fi er fromacommand line window. This also goes for
HarcHardware.
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Sometimes, when starting the program for the first time, the Windows Defender Firewall
blocks some features in the program, asking for permission to allow the Javavirtual
machine (typically ending with j avaw. exe) access. This should be granted.

To uningtall, select the uninstall option from the Start menu, or (on Windows 10, right
clickStart -> IrScrutinizer -> IrScrutinizer andseect Uninstall). Or
use the operating system's program management for de-installing (Settings -> Apps and
Features). Very pedantic people may like to delete the properties file too, see properties.

2.4.3.4 Applmage for 64-bit Linux

An Applmage is adistribution consisting of one large monolithic executable file that is
downloaded, made executable, and run, without any installation in the classical sense. At
this moment, only 64-bit x86 Linux is supported. It is believed to run on al modern, 64-
bit x86 Linux distributions. Just download, make executable, and double click (or start
from the command line). It comes with its own Java runtime.

It called using thenamei r pt r ansnogri fi er, thelrpTransmogrifier program will
be invoked, taking its usua command line arguments. Similarly, if called using the name
har char dwar e, the HarcHardware main routine will be invoked.

Touninstall, just delete.

2.4.3.5 MacOS app

Download the disk image file (* . dng). Mount it by double clicking. A mounted disk
imagel r Scr ut i ni zer will then appear on the desktop. Opening it will show an app,
and afew documentation files. The app can just be dragged to the desktop, to the tray, to
Appl i cat i ons or any other location the user prefers. IrScrutinizer now behaveslike
any other app in Mac OS X.

Sometimes the operating system will refuse to install or run programs from sources that
it does not consider as trustworthy. It may then be necessary on System Preferences

-> Security & privacy -> General to select on "Allow apps downloaded from" to
"Anywhere".

To uninstall, just drag the program to the trash can.

The command line programs IrpTransmogrifier and HarcHardware are not supported in
this mode. (For this, the generic binary distribution has to be used.)

2.4.3.6 Generic Binary

The generic binary version consists of all the Java classes packed in one executable jar
file, together with supporting files, like all the compiled shared libraries for the different
operating systems Linux (x64-32, x86-64, armv7), Windows (x86, 32 and 64 bits),

and Macintosh. It can be used on all those systems. (In other environments, the shared
libraries may be compiled with moderate effort.)
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The generic binary distribution also can be used whenever using the setup.exe/app
installation is not possible, not up-to-date, or just not desired. It can also be used to update
an existing installation on, e.g., Windows.

First make sure that the Java runtime of correct version (currently version 8 or later) is
installed.

Toinstall, unpack in an empty directory of your choice; suggested (for Unix/Linux) is/
usr/l ocal /share/irscrutinizer.OnWindows, the program can be started by
double clicking the .jar file.

The rest of this section applies to Unix/Linux.

There are afew additional steps, which, on Unix/Linux the script set up-
i rscrutinizer. sh cantake careof. If thisisnot desired, or does not work, these
steps will be described next.

Inspect the wrapper i r scruti ni zer. sh, and make changesif necessary.
It is recommended to make links from a directory in the path to the wrapper script, e.g.

In -s /usr/local/share/irscrutinizer/irscrutinizer.sh /usr/local/
bin/irscrutinizer

In -s /usr/local/share/irscrutinizer/irscrutinizer.sh /usr/local/
bi n/irptransnogrifier

In -s /usr/local/share/irscrutinizer/irscrutinizer.sh /usr/local/
bi n/ har char dwar e

The desktop filei rscruti ni zer . deskt op should, if desired, beinstaled in
[ usr/1ocal /sharel/applications aternatively ~/ . | ocal / shar e/
appl i cati ons.

The program can now be started either as a desktop program, or by typing

i rscrutini zer onthecommand line. Also the command line programs
IrpTransmogrifier and HarcHardware can be started by the command

i rptransnogrifier andhar char dwar e respectively. It isalso possibleto start
IrScrutinizer by double clicking on the jar file. In case this brings up the archive manager,
the desktop needs to be taught to open executable jar files with the "java’ application (i.e.
the VM). For this, select ajar file the file browser, select the properties, and select "java’
asthe application to "open with". (The details might vary.)

On Linux, it is general necessary to check, and possibly fix, the access to the serial
devices. The previously mentioned wrapper does this.

On Gnome-like desktops, by copying thefilegi rr. xm to the system's data base of
known file types (normally located in/ usr /| ocal / shar e/ appl i cati ons),
* . gi rr filescan be opened in IrScrutinizer by double click.

To uninstall, just delete the files. Some may like to delete the propertiesfile too.
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2.4.3.7 Source distribution

Compiling the sourcesis covered in the Appendix. This generates the generic binary
distribution file, which isinstalled as described above. Alternatively, it can be installed
with the command

make install

possibly with sudo or asroot.

2.4.3.8 Linux/Unix Serial device access

To access serial devices, including "serial" devices connected over USB, most current
Linuxes require the current user to be amember of the group di al out (some
distributions use the legacy name uucp), in some cases (e.g. Fedora) also the group

| ock. To grant user $USER this membership, typically acommand like sudo
usernod -aG di al out $USER, and/or sudo usernod -aG | ock $USERis
used.

It has been brought to my attention that Arch Linux (and likely others) still use the older
name uucp for di al out .

Do not run this program as root (except possibly for debugging device access).

2.4.4 Concepts

For anyone familiar with the problem domain, this program is believed to be intuitive and
easy to use. Almost all user interface elements have tool-help texts. Different panes have

their own pop-up help. In what follows, we will not attempt to explain every detail of the

user interface, but rather concentrate on the concepts. Furthermore, it is possible that new
elements and functionality has been implemented since the documentation was written.

This program does not disturb the user with a number of annoying, often modal, pop ups,
but directs errors, warnings, and status outputs to the console window, taking up the lower
third of the main window. Thiswindow is re-sizeable. There is a context menu for the
console, accessible by pressing the right mouse button in it.

In the upper row, there are six pull-down menus, named Fi | e, Edit, Acti ons,
Options, Tool s andHel p. Their usageis believed to be mainly self explanatory,
with some the exceptions.

Options to the program are in general found in the Opt i ons menu, or its subordinate
menus. Some parameters for particular export formats are found in the sub-panes of the
Export pane. Also the hardware configuring panes contain user parameters.

Options are in general saved persistently between sessions, in the propertiesfile.

The main window is composed of six sub panes denoted by Scr ut i ni ze si gnal
(for processing asinglesignal), Scr ut i ni ze r enot e (for collecting severa signals
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to one "remote"), Render (generates (renders) an IR signal from protocol name and
parameters), | npor t , Export and Har dwar e. respectively. These panelswill be
discussed in Section GUI Elements walk through

2.4.5 GUI Elements walk through

2.4.5.1 The "Scrutinize signal" pane

This pandl is devoted to the analysis of asingle IR signal or IR sequence. A (single)
signal is either read from hardware using the "Capture" button (requires that the capturing
hardware has been set up, see Section Hardware, imported from afile (using the context
menu in the datawindow, or throughFil e -> I nport -> Inport as single
sequence), or pasted from the clipboard. Also, some other panes can transfer data to
this pane.

The button Capt . (cont.) aprogram tread is started, that continuously captures
signals from the hardware. Only the last signal is kept.

As shown, an IR signal consists of an (sometimes empty) start sequence (red), a
(sometimes empty) repeat sequences (blue), and sometimes an ending sequence (green).

For text import, the signal can be in either Pronto Hex format or in raw format (indicated
by aleading "+"-sign). The signal is printed in the data window, in the preferred text
format, which can be selected from the options menu. The text representation may

be edited (assuming sufficient knowledge!), after which the edited signal is analyzed
and plotted again by pressing the Scr ut i ni ze button. The signal may be sent to the
sending hardware by pressing the Tr ansmi t button.

Sometimes the "scrutinization” of asignal changes the numbersin an unexpected way.
If desired, the previous content of the datawindow isrecaled by Acti ons -> Undo
Scrutini zer data.

The plot can be horizontally zoomed by pressing the left mouse button and dragging.
Printing and exported as graph are presently not implemented.

Themenuentry Acti ons -> Enter test signal (oritsaccelerator, the F9 key)
entersatest signal.

Using context menus, the result can be sent to the clipboard or saved to afile. The menu
entry cl one pl ot makesaclone of the plot. This can be used for visually comparing
different sequences or signals.

Note that transforming the signal between different formats may introduce rounding
errors. In rare cases, this may causing decoding to fail.

A Girr file can be dropped on the text- or plot windows. Thiswill display the
concatenation of the signalsin thefile.
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2.4.5.2 The "Scrutinize remote" pane

This panel is devoted to the capturing/import/editing of a collection of IR signals, called
aremote in the sequel. The panel contains two sub-panels: for parametric signals and for
non-parametric, "raw", signals.

A parametric signal is determined by its protocol name and the values of the protocol's
parameters. A raw signal is determined by its timing pattern, and its modulation
frequency. It may have one or many decodes, or none. Nevertheless, by definition, araw
signal is determined by its timing, not the decodes.

In both cases, the sub panes consists of tables with a number of columns. Every signal
takes up arow in the table. The content of the individual cells (with the exception of its
number and date) can be individually edited, like in a spreadsheet program.

By clicking and dragging in the table head, the columns can be rearranged with the
mouse.

In both tables, the right mouse button opens a context menu containing a number of
ways to manipulate the table, its view, or the data contained therein. By enabling the row
selector, the rows can be sorted along any of the present columns.

Clicking arow with the middle mouse button selects that row, and (ir possible) transmits
it using the currently selected hardware.

To capture IR signals, first configure the hardware using the hardware pane. Next press
the Capt ur e button. The program will now run the capturing in a separate thread, so the
user just have to press the buttons of the remote. The signals will be received, interpreted,
decoded, and entered on subsequent lines in the selected table (raw or parameterized).
The capture thread will continue until the captured button is pressed again. (Note that
thisis completely different from the capture button on the Scr ut i ni ze si gnal
panel.) The user may mix captures with other activities, like entering information (name,
comments,...) in the table.

The export button exports the content of the currently selected table (raw or
parameterized) according to the currently selected export format.

A Girr file can be dropped on the parameter as well as the raw table, which will import
the contained signals.

Themenuentry Acti ons -> Enter test signal (oritsaccelerator, the F9 key)
enters atest signal, either as parametric signal, or asaraw signal.

The parametric table columns

#

A unique number assigned to the signal when creating. It is not editable and not
exported.

Timestamp

A timestamp generated when the signal was entered or created. It is not editable and
not exported.
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Protocol

Name of the protocol. In the table, anything can be entered, however, to transmit or
export, it has to match (case insensitively!) a known protocol.

D

The D parameter value, as defined in the protocol IRP.

S

The S parameter value, as defined in the protocol IRP.

F

The F parameter value, as defined in the protocol IRP.

T

The T parameter value, as defined in the protocol IRP.

Misc. params

All parametersnot called D, S, F, or T, using syntax name = value, for example X=42
Y=73. (Note that there are no spaces around the equal ("=") sign, but between the
assignments.

Name

Name of the command. Thisisin principle arbitrary, however, to be able to constitute
ameaningful export to atarget device, the names have to be unique within the table.
Comment

A textual comment. In most export formats, it is transmitted to the export, and the
export format can treat it anyway it desires.

The raw table columns

#

A unique number assigned to the signal when creating. It is not editable and not
exported.

Timestamp

A timestamp generated when the signal was entered or created. It is not editable and
not exported.

Intro

The intro sequence of the command.

Repeat

The repeat sequence of the command.

Ending

The ending sequence of the command.

Name

Name of the command. Thisisin principle arbitrary, however, to be able to constitute
ameaningful export to atarget device, the names have to be unique within the table.
Decode

The result of feeding the signal to the decoder. Not editable, not considered as
authoritative information; serves only for information.

Analyze
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The result of feeding the signal to the analyzer. Not editable, not considered as
authoritative information; serves only for information.

Comment

A textual comment. In most export formats, it is transmitted to the export, and the
target can treat it anyway it desires.

Frequency

Modulation frequency in Hz.

2.4.5.3 The "Render" pane

In the upper part of this pane, an IR protocol is selected, identified by name, and the
parameters D ("device", in amost all protocols), S ("sub-device", not in al protocols),

F ("function”, aso called command number or OBC, present in amost all protocols),
aswell as T, "toggle” (in general 0 or 1, only in afew protocols). These number can be
entered as decimal numbers, or, by prepending "0x", as hexadecimal numbers. Numbers
with aleading "0" are interpreted as octal numbers.

Earlier versions of this program (including documentation) used the word generate
instead of render.

By pressing Render , the signal is computed, and the middle window isfilled with a
textual representation in the form selected by Opt i ons -> Qut put Text For mat.

For protocols with atoggle, leaving it unassigned (T left empty) makes the rendering
engine "toggle" in the sense that it changes its value on every invocation, in accordance
with the IRP. The rendering engine isinvoked not only by Render , but also by
Transm t, Export,andtheTo ... buttons.

The Export button initiates an export to a file format currently selected on the Export
pane. The three lower buttons transfer the signal(s) to the scrutinize signal panel, the raw
remote table, or the parameterized panel.

Accessing a number of different parameter values

For the export and the transfer to the Scrutinize remote tables, not only a single parameter
value can be selected, but whole sets:

1. Of course, thereisthe singleton set, just consisting of one value

2. Thereisaso apossibility to give some arbitrary values, separated by commas.
Actually, the commas even separate sets, in the sense of the current paragraph.

3. Aninterval, optionally with a stride different from 1, can be given, either as
m n. . max++i ncrement or m n: max++i ncr enent , or aternatively, smply as
* which will get the min and max values from the parameter's parameter specs.

4. Also, aset can be given asa: b<<c, which has the following semantics: starting with
a, thisis shifted to the left by ¢ bits, until b has been exceeded (reminding of the left-
shift operator << found in languages such as C).

5 Finally, a: b#c generates ¢ pseudo random numbers between aand b (inclusive). The
"pseudo random” numbers are completely deterministically determined from the seed.
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The parameters a and b> are optional. If left out, the values are taken as from the
protocol parameters min and max respectively, just as with the * form.

2.4.5.4 The Import pane

The import pane alows for selective import of collection of IR commands. Both Internet
data bases and file formats are supported. Import can take place from local files or even
file hierarchies, from the clipboard or from Internet URLSs.

Tree importer

the format of an expandable tree. By placing the mouse cursor over acommand,
additional information, like decode, is presented. A single command can be selected by
mouse click, a sequence of adjacent commands by shift-click, a subset of not necessarily
adjacent commands be selected by Citrl-click, as usual from most GUIs. A single selected
command can be transferred to the " Scrutinize signal” pane by pressing | npor t

signal .Thelnmport all (I nport sel ecti on) button transfers all commands
(the selected commands) to the Scr ut i ni ze r enot e pane, sub-pane Par anetri c
r enot e (without overwriting already present commands), while the buttons | npor t
all /rawand | nport sel ect ed/ r awtransfer to the sub-pane Raw r enot e.

Thekey Transmi t sel ect ed transmits the (single) selected signal to the selected
sending hardware.

Data bases

Global Caché's Control Tower data base

Thisisthe new data base from Global Caché. Unfortunately, its Terms of Service are
fairly restrictive. Also, non-premium users are not allowed to download codes using the
API. For thisreason, the program really only "browses" the data base.

To useits codes, log in with the browser (the Web si t e button goes to the home
page), and have the code set mailed in CSV format (press Send Code Set ). The mail
received can be imported by the import text pane, raw subpane, Name col. = 1, Raw
signal col = 2 (or 3), Field separator: comma.

Remotelocator

Remotel ocator is aprogram to locate and download infrared remotes. The
Renot eLocat or pane constitutes a GUI to Remotel ocator.

Currently, these four freely usable collections are supported:

IRDB

This collection was until recently available at the server i r db. i k, which is now
defunct. The IRDB format isavery simple CSV format, containing command name,
protocol and the device and subdevice parameters, but no meta information. Instead,
information on the manufacturer and the device class are gleaned from the file path.
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Lircremotes

Lirc's collection of remotes, which are collected in the Sourceforge project. This
format also contains no meta information. The manufacturer information is gleaned
from the file path; however there are no information on device class, so all the Lirc
remotes have device class "unknown™ in the generated list.

GirrLib

Girr isavery versatile format for IR remotes. It is the native format for IrScrutinizer,
and also supported by main program RMIR of the JP1 project. Metainformation,
including manufacturer and device class, is contained in the Girr file. Thereis asmall
collection (Girrlib), which is more of a proof-of-concept than a sizeable collection of
remotes.

JP1

The JP1 project has alarge collection of "device upgrades’. These are summarized

in an Excel file. Thislist a'so contains meta information such as manufacturer and
device class. It can be read into the program, and used to browse the therein contained
remotes (or rather, "device upgrades"). These can however not be directly loaded, but
can with some manual work be transated to Girr files.

Tousg, first select Sel ect ne to | oad toload thelist of the manufacturers. Then
select, in order, a manufacturer, a device type, and aremote name. The field ki nd now
indicates what kind of remote that was found. Pressing Load (if enabled) will load the
remote into the tree importer, where it can be further manipul ated.

Pressingthe Load al | button transfers all present protocol/parameters combinations to
the tree.

File importers

There are anumber of elements common to most of the sub-panes, so these will be
described next.

For file/URL based imports, there is atext field, named File or File/lURL. For the latter
case, an URL (likehttp://1irc. sourceforge. net/renotes/yamha/ RX-
V995) can be entered, for subsequent import without downloading to alocal disc. By
pressing the .. . . -Button, afile selector alows the selection of alocal file. For files and
URLS, the Edi t / Br owse button allows to examine the selected file/lURL with the
operating system'’s standard command.

Severa of the formats (the one based on text files, but not on XML (which carriesits
own character set declaration) allow the user to select the character set to be used for the
import to be selected. Thisoptionisfound asOpti ons -> | nport options ->
Character Set...

Most of the file based importers support dropping a compatible file from the GUI on the
import window.
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If the option Open ZI P fil es (accessiblefromQpti ons -> | nport)isselected,
zip files can be selected, opened, and unzipped "on the fly", without the need for the user
to unzip to intermediate files.

When pressing one of the Load, Load Fi |l e/ URL, or Load from cl i pboard
button, the selected information is downloaded, and presented in a tree importer.

The file based import formats alow afile to be "dropped" with the mouse on the main
window.

Girr (the native format of IrScrutinizer)

The Girr format is the native format of IrScrutinizer. The importer is capable of importing
directory hierarchies.

Lirc

The Lirc import feature is based upon Jirc, which is basically a subset of Lirc 0.9.0
trandated to Java. The Lirc importer can even import afile system hierarchy by selecting
the top directory as File/lURL. (Importing the entire lirc.org database with over 100000
commands takes around 1 minute and 1GB of memory.)

Only Lirc remotes with timing information can be imported, not the so-called lircccode
remotes. See this article for a more extensive discussion.

CML

The CML format is the format used by the RTI Integration Designer software. Many
CML filesare available in Internet, in particular on RemoteCentral. Particularly
noteworthy is the "megalist” by Glackowitz. IrScrutinizer can import these filesto its
import tree, making every remote a nodes in the tree. Note that there is no need to unzip
such afile; IrScrutinizer will unzip it on the fly.

Command Fusion

The native format that Command Fusion uses, file extension . cfi r, can be imported
here.

Pronto Classic (CCF format)

Many Pronto CCF files are available in Internet, in particular by Remote Central.
IrScrutinizer can read in these files to itsimport tree, even preserving the Pronto
"devices' as nodesin the tree.

Pronto Prof. (XCF format)

Pronto Professional XCF files are found for example at Remote Central. IrScrutinizer can
read in these files to itsimport tree, even preserving the Pronto "devices' as nodesin the
tree.
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Thisis not extensively tested.

ICT IrScope format

The ICT format, introduced by Kevin Timmerman's IrScope, contains the timing pattern,
the modulation frequency, and optionally a name (not e) of one or many IR signals.

Text format

In the Internet, there are alot of information in table-like formats, like Excel, describing
the IR commands of certain devices. IrScrutinizer has some possibilities of importing
these — after exporting them to atext format, like tab separated values (tsv) or comma
separated values.

Raw

The sub-pane allows for the parsing of text files separated by a certain characters,

like commas, semicolons, or tabs. The separating charactersis selected inthe Fi el d
separ at or combo box. The column to be used as name is entered in the Nane col .
combo box, while the data to be interpreted either as raw data or CCF format, is entered
intheRaw si gnal col..Ifthe... and subsequent col ums isselected, all
subsequent columns are added to the data.

Raw, line-based

This panetriesto interpret a line-based file as a number of named IR commands, using
heuristics.

Parameterized

The sub-pane allows for the parsing of text files separated by a certain characters,

like commas, semicolons, or tabs. The separating charactersis selected inthe Fi el d
separ at or combo box. The column to be used as name is entered in the Nane col .
combo box, while protocol name and the parameters D, S, and F are entered in their
respective combo boxes. They are parsed in the number base selected.

Wave

This pane imports and analyzes wave files, considered to represent IR signals. The
outcome of the analysis (sample frequency, sample size, the number of channels, and in
the case of two channels, the number of sample times the left and right channelsarein
phase or anti-phase) is printed to the console.

IrTrans

IrTrans configuration files (. r em) can be imported here.
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2.4.5.5 The Export pane

Using the export pane, export files can be generated, allowing other programs to use the
computed results. Single signals (fromthe Scr ut i ni ze si gnal pane), collections
of signals (fromthe Scr ut i ni ze r enot e pane), or rendered signals can be exported.
Exports can be generated in a number of different formats. Some (Girr and text) can
contain both the Pronto format and the "raw" format (timings in microseconds, positive
for pulses, negative for gaps), as well as other formats. These formats, together with
Wave and Pronto Classic, are built-in in the program. However, it is possible to define
new export formats by extending a configuration file, see Adding new export formats.

The file names of the exports are either user selected from afile selector, or, if
Automatic fil e nanes hasbeen selected, automatically generated.

The export is performed by pressing the one of the Export buttons. The. . . -marked
button allows for manually selecting the export directory. It is recommended to create
anew, empty directory for the exports. The just-created export file can be immediately
inspected by pressing the Open | ast fi | e-button, which will open it in the "standard
way" of the operating system. (Also available on the actions menu.) (Girr exports become
aspecial treatment in order not to invoke another instance of the IrScrutinizer. They

are copied to atemporary . t xt file.) The Open button similarly opens the operating
systems standard directory browser (Windows Explorer, Konquistador, Nautilus,...) on
the export directory.

Some export formats (presently Wave, mode2, and Lintronic) export an IR sequence
rather than an IR signal (consisting of an intro sequence, an repetition sequence (to be
included O or more times), and an (most often empty) ending sequence). When using
these formats, the number of repetition sequences to include can be selected.

The character set used for the export can be selected through Opt i ons - > Export
options -> Character set... Notehowever that this makes sense only for text
based formats, including XML.

Some export formats have some more parameters, configured in sub panes. These will be
discussed in the context of the containing formats.

(Most of) the formats presently implemented will be described next, in aphabetical order.

AnyMote

Generates a configuration file for the AnyMote IR remote control app for Android and
iOS.

Arduino/Raw

Generates a complete C++ sketch for the Arduino. This uses one of the three Arduino
Infrared libraries IRremote, IRLib, and Infrared4Arduino. As the name suggests, the raw
form of the signals are used.
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Arduino/Infrared4Arduino

Generates asimilar C++ sketch for the Arduino as in the raw case, but triesto use
the parametric form whenever possible, i.e., whenever the protocol is one that can be
generated by the underlying infrared library. This version supports Infrared4Arduino
only.

Arduino/IRremote

Like the preceding, but supports the IRremote library instead. (Currently, needs update to
the current IRremote library.)

BracketedRaw

This export format generates an text file of the command(s) in the bracketed raw text
format.

C

Generates a C code fragment consisting of declarations of the signalsin raw- and CCF
format. Intended mostly as an example.

Girr

The program's native format, based on XML. Very flexible and extensible. Can contain
information like the raw format, CCF format, UEI learned format, and the Global Caché
sendir format. Official documentation site. There are some extra parameters that can be
configured in subpanes, described next:

The Girr sub-pane

A style sheet can be selected to be linked in into the exported Girr file. The type of style
file (presently xslt and css) can also be selected.

Fat f or m r awcan be selected; this means that the raw signals are not given as a text
string of alternating positive and negative numbers, but the individual flashes and gaps
are enclosed into own XML elements. This can be advantageous if generating XML
mainly for the purpose of transforming to other formats.

HTML
The purpose with the HTML export is to generate a browse-able page, not something for
other IR-programs to feed upon.

ICT

The ICT format, introduced by Kevin Timmerman's IrScope, contains the timing pattern,
the modulation frequency, and optionally a name (not e) of one or many IR signals. Can
be imported by IrScope and RemoteM aster.
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irplus

Generates a configuration file for the Android ID remote irplus.

IrToy

A text version of the following

IrToy-bin

Generates abinary file "in IrToy format" that can be send to the IrToy using the program
i rtoy[.exe], seethisthread.

IrTrans

This export format generates .rem files for the IrTrans system, using its CCF format.

Lintronic

Simple text protocol for describing a single IrSeguence.

Lirc Raw

The Lirc-exportsarein | i r cd. conf - raw format. These use the raw Lirc format,
except for afew well known protocol (presently NEC1 and RC5). They can be
concatenated together and used as the Lirc server data base. Can aso be used with
WinLirc.

Lirc

LikeLi r c Raw, but recognizes alarge number of the protocols, for which lircd.conf
filesin "cooked" (opposite of raw) are generated. For other protocols, it falls back to the
raw form.

mode2

A primitive debugging "signal format" used by Lirc, consisting on interleaved on- and off
durations.

Pronto Classic

This format generates a CCF configuration file to be downloaded in a Pronto, or opened
by a ProntoEdit program.

The Pronto Classic sub-pane

A Pronto Classic export consists of a CCF file with the exported signals associated to
dummy buttons. The Pronto (Classic) model for which the export is designed is entered in
the combo box. Screen size of the Pronto is normally inferred from the model, but can be
changed here. The button size of the generated buttonsis aso entered here.
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Pronto Hex Oneshot

This export format takes a single signal, makes a sequence of it consisting of the intro
sequence, an arbitrary number of copies of the repeat sequence, and the (in general
empty) ending sequence. Thisis packed into a Pronto Hex format, having the said
sequence asitsintro, and empty repeat.

Spreadsheet

Simple tab separated value export format for importing in a spreadsheet program. This
format is mainly meant to demonstrate a simple format in XSLT, more than a practically
useful format.

Text

The text format is essentially the Girr format stripped of the XML markup information.

TV-B-Gone

Variant of the C format, this format generates C code for the TV-B-Gone.

Wave

IR sequences encoded as wave audio files.

The Wave sub-pane

Parameters for the generated Wave export (except for the number of repeats) can be
selected here.

2.4.5.6 The "Hardware" pane

The sub-panes of this pane alows for the selection and configuration of the deployed IR
sending/capturing hardware.

A opposed to versions earlier than 2.4.0, there is exactly one selected device,
corresponding to the the selected sub-pane of the Har dwar e pane. Thisdeviceis, if
capable, used for both sending and capturing. The selected device may be opened or not.
An opened device may be selected or not. There may be more than opened device. The
hardware can also be selected from the tool bar, Options -> Capturing hardware.

Note that by e.g. selecting non-existing hardware or such, thereis a possibility encounter
long delays, or even to "hang" the program.

After configuring and opening the capturing hardware, the Test button can be used for
testing the configuration without switching pane.

The currently selected ports etc. are stored in the properties, thereby remembered between
sessions. So, for future sessions, only opening the preferred device is necessary.
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Capturing parameters

Capturing an IrSequence is governed by the parametersbegi nTi neout ,
capt ur eMaxSi ze, endi ngTi nmeout , which can be accessed inthe Opt i ons - >
Ti meout s submenu. begi nTi meout and endi ngTi meout bothe use the unit milli
seconds. Unfortunately, not all hardware respect these parameters.
beginTimeout
When capturing starts, this determines how long the capturer iswaiting for the first
flash. Default is 3000ms.
captureMaxSize
Thisisthe maximal duration the capturing hardware will accept. Default is 1000.
endingTimeout
The silence period required at the end of an IrSequence. Default is 300ms.

The "Global Caché" pane.

IrScrutinizer automatically detects alive Global Caché unitsin the local area network,
using the AMX Beacon. However, this may take up to 60 seconds, and is not
implemented in very old firmware. Using the Add button, the | P address/name of older
units can be entered manually.

The user can select one of the thus available Global Caché units, together with IR-module
and IR-port (see the Global Caché API specification for the exact meaning of these
terms).

For thisto work, port 9131/udp must be open in aused firewall
The Br ows e button points the user's web browser to the selected unit.

The reported type and firmware version serves to verify that the communication is
working.

St op | R-Button allows the interruption of ongoing transmission, possibly initiated from
another source.

/dev/lirc (Linux only)

On Linux, so-called mode-2 capable IR hardware using the/ dev/ | i r ¢ device, can be
accessed directly, both for sending and receiving. When connected, and in some cases
after loading suitable drivers, adevicefile/ dev/lirc n(forn=0,1, 2,...) will be
created. Of course, this must be read- and/or writeable by the current user; in e.g. Fedora
thisisthe case for member of thegroup | i r c.

After opening the device, its properties will be listed. See the man page lirc(4) for an
explanation.

Although not a priori impossible, to my knowledgeno/ dev/ | i r ¢ device implements
frequency measurement.
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The "Audio Port" Pane

As additional "hardware sending device", IrScrutinizer can generate wave files, that

can be used to control IR-LEDs. This technique has been described many timesin

the Internet the last few years, see for example this page within the Lirc project. The
hardware consists of apair of anti-parallel IR-LEDs, preferably in series with aresistor.
Theoretically, this correspondsto a full wave rectification of a sine wave. Taking
advantage of the fact that the LEDs are conducting only for a the time when the forward
voltage exceeds a certain threshold, it is easy to see that this will generate an on/off
signal with the double frequency of the original sine wave. (See thefirst picturein the
Lirc article for apicture.) Thus, alR carrier of 38kHz (which isfairly typical) can be
generated through a 19kHz audio signal, which is (as opposed to 38kHz) within the realm
of medium quality sound equipment, for example using mobile devices.

It can only send, not receive/capture.

IrScrutinizer can generate these audio signals as wave files, which can be exported

from the export pane, or sent to the local computers sound card. There are some settings
available: Sample frequency (44100, 48000, 96000, 192000Hz), sample size (8 or 16 bits)
can be selected. Also "stereo” files can be generated by selecting the number of channels
to be 2. The use of this feature is somewhat limited: it just generates another channel

in opposite phase to the first one, for hooking up the IR LEDs to the difference signal
between the left and the right channel. Thiswill buy you double amplitude (6 dB) at the
cost of doubling the file sizes. If the possibility exists, it is better to turn up the volume
instead.

Most of "our" IR sequences ends with a period of silence amost for the half of the total
duration. By selectingtheOmi t trail i ng gap-option, thistrailing gap isleft out
of the generated data—it isjust silence anyhow. Thisis probably a good choice (almost)
always.

Note that when listening to music, higher sample rates, wider sample sizes, and more
channels sound better (in general). However, generating "audio” for IR-LEDsisa
completely different use case. The recommended settings are: 48000kHz, 8bit, 1 channel,
omit trailing gap.

The "Girs Client" (previously "Arduino") Pane

Using this pane, a Girs server (e.g. running on an Arduino equipped with a suitable
hardware) can be used to transmit and capture IR signals. The server can be connected to
aserial port, or through Ethernet to the local area network, connected by a TCP socket.
For the Arduino, the sketchG rsLit e (or G rs) can be used.

The seria port may sometimes be finicky. Sometimes disconnecting and reconnecting the
device may help.
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To use the device connected to areal or virtual serial port, select the port in the combo
box, pressing Ref r esh if necessary. Open the port thereafter. The opening of LAN
connected deviceissimliar.

Normally, the Girs server usesthe Girsanal yze command to capture IR signals, which
is normally deploying a non-demodul ating sensor, providing a frequency measurement. If
thisis not desired (for example when the non-demodul ating sensor is missing), selecting
Use receive for capture,insteadther ecei ve command will be used, which
normally uses a demodulating sensor. In this case, no frequency measurement will be
produced, and instead the fallback frequency (selectable/changeable as Opt i ons - >
Fal | back frequency) will be used.

The "CommandFusion" Pane

Using this pane, the CommandFusion learner can be used to transmit and capture IR
signals.

After connecting the Command Fusion learner to a USB port, select the the actual
(virtual) serial port in the combo box, pressing Ref r esh if necessary. Open the port
thereafter.

The "IrWidget" pane

Using this pane, the IrWidget can be used to capture IR signals.

After connecting the IrWidget to a USB port, select the the actual (virtual) serial port

in the combo box, pressing Ref r esh if necessary. Open the port thereafter. If using
the original Kevin Timmerman widget, for example built and sold by Tommy Tylor, the
option| ower DTR abd RTS on openi ng must be selected.

2.4.5.7 Key bindings and accelerators

The GUI contains a number of key bindings and accelerators. These can be found in
menus and in the text of GUI elements. A more substantial description is planned, but not
yet written.

2.4.6 Command line arguments

Normal usageisjust to double click on thejar-file, or possibly on some wrapper invoking
that jar file. However, there are some command line arguments that can be useful either

if invoking from the command line, or in writing wrappers, or when configuring custom
commands in Windows.

Girr files given as command line argument will be imported to the par amet ri c
r enot e table. Accordingly, if the system is configured to associate * . gi r r with
IrScrutinizer, these files can be opened by double clicking them.

Theoptions- - ver si on and - - hel p work asthey are expected to work in the GNU
coding standards for command line interfaces. Use the - - hel p-command to see the
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completelist of command line parameters. The- v/ - - ver bose option set the verbose
flag (which can also be accessed under the GUI asOpt i ons -> ver bose, causing
commands like sending to IR hardware printing some messages in the console.

Using the option - - pr operti es (or - p), an alternative property file can be used. If
installing more than one version of the program, thisis recommended practice.

Theoption - - nuke- pr oper t i es makesthe program delete the property file, and exit
immediately.

Theoption- - scal i ng (or - s, - - scal e) set the scaling of the GUI. Accepted values
and their semantics depend on the VM used.

IrpTransmogrifier as well as HarcHardware as command line program can be invoked
with the Applmage installation by calling it using thenamei r pt ransnogri fi er or
har char dwar e (through copying or linking).

The MacOS App does not support calling IrpTransmogrifier or HarcHardware; install the
generic binary version if needed.

The program delivers well defined and sensible exit codes, listed in the code.

For automating tasks, or for integrating in build processes or Makefiles or the like, it is
probably a better ideato use IrpTransmogrifier instead, which has a reasonably complete
command line interface.

2.4.7 Adding new export formats

Only afew of the many export formats are defined in the main Javacode (G rr,

Text ,Pront o C assi c and \Wave), the rest are defined in filesin the directory
export formats. d, located in the root of the install directory. By adding afile here,
the user can simply add his’her own export formats according to own needs. An export
format consists of a number of properties, together with a small "program™ written in
the transformation language XSLT, for transforming a Girr-XML-tree to the desired text
format.

Therest of this section documents the format of these files, and is supposed to be read
only when needed. Fundamental knowledge of XML and XSLT transformations are
assumed.

2.4.7.1 Format of the files in exportformats.d

Thefileisan XML file supposed to be avalid instance of the XML Schema
exportformats. xsd, athough it isread without validation. The semanticsis
believed to be essentially self explaining, or clear from the examples already in there. An
export format is packed in an element of typeexpor t f or mat s: exportformat. It
contains the following attributes:

name
Text string used for identifying the format.
ext ensi on
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Text string denoting preferred file extension (not including period) of generated files.
mul ti Si gnal

Boolean (value: t r ue and f al se). Denotesif several signals can be represented in
one export, or only one.

si npl eSequence

Boolean, (valuest r ue of f al se). If true, the export really describes an sequence
rather than am signal (with intro-, repeat- , and ending-sequences), therefore the user
must explicitly state a particular number of repetitions for an export.

The element export f or mat s: export f or mat contains as achild element the XSLT
transformation, which is an element of type xsl : st yl esheet , with attributes asin the
examples.

Thetask of the transformaton isto transform a Girr XML DOM treein the "fat" format,
with r enpt es asroot element, into the desired text format. It may be advisable to use
the already present formats as guide.

For testing and devel oping new export formatsin this for, the mai n routine of the class
or g. harct ool box.irscrutinizer. exporter.Dynam cRenot eSet Export For mat Mai
may be used. It can be used to transform a Girr file from the command line.

After editing or adding export format files, they can be reloaded either by re-starting the
program, or by selecting Opt i ons -> Export fornats dat abase ->Rel oad.

2.4.8 Properties

Under Windows, the persistent properties are stored in %4 OCALAPPDATA%
\IrScrutinizer\IrScrutinizer.properties.xnl (typicaly %410VE%

\ AppDat a\ Local \ I rScrutini zer\IrScrutinizer.properties.xnl).
Using other operating systems, it is stored according to the FreeDesktop specification.
Per default, thisis$HOVE/ . confi g/ I rScrutini zer/ properties.xm .It
isnot deleted by un-install or by an update of the program. If weird problems appear,
for example after an update, try deleting thisfile, fromthe GUI Fi |l e - > Set
properties to default.Thereisasoacommand lineoption- - nuke-
properti es that can be used to conveniently delete the present property file, without
remembering its exact path.

2.4.9 Questions and Answers

2.4.9.1 How do I verify the integrity of my downloads?

On the official download site, the checksums (using the MD5, SHA-1, and SHA-512
algorithms) are available in thefileschecksuns. nd5, checksuns. shal, and
checksuns. sha512. With appropriate software, these can be used for validating the
downloaded files.

To prevent from tampering of both the program files and the checksum
files, the checksum files are also PGP signed with the cryptograph key for

Page 60


http://forrest.apache.org/
http://forrest.apache.org/
https://specifications.freedesktop.org/basedir-spec/latest/index.html
https://en.wikipedia.org/wiki/MD5
https://en.wikipedia.org/wiki/SHA-1
https://en.wikipedia.org/wiki/SHA-2

HARCToolbox

Bengt Martensson <barf @engt - martensson. de>, finger print
5F492CB76BEB2E6B1CAAG3A3EELIF17DAECF8AFOC. The full key can be
downloaded here, or found in the programasTool s -> Author's Public PGP
key. (For practical reasons, the shapshot releases are, in general, not signed.)

How to check these checksums and signatures differ between different programs and
operating systems, and is therefore not described here. However, searching on the Internet
will yield many descriptions.

2.4.9.2 My virus program says that your program contains virus or malware.

My programs do not come with virus. Downloading from un-official sites are
discouraged, in particular if they do not keep the signed checksum files. (Most likely,
they do not.)

First check the integrity of the downloaded files as described in the previous question.
Assuming that the problem remains, thisis a problem with your virus program, and not
with the present program, and it should be handled as such. If it isarelease version,
please inform the author of the virus program, and/or create a white list. What you do
not need to do, isto tell me, or "the world". Remember, it is a problem with the virus
program, not with my software.

2.4.9.3 Why have RemoteMaster Import and Export been removed?

The RemoteMaster export and import found in earlier versions (up to 2.3.0) of this
program have been removed. The reason is that the current version of that program
contains elaborate facilities for the import and export of Girr files— the native format for
IrScrutinizer. As opposed to the previous import and export of the current program, they
contain elaborate rules for transforming between protocols and the JP1 executors.

2.4.9.4 Can | run more than one instance simultaneously?

Y es, you can fire up several instances, for example, one for sending and another for
receiving the sent signals. The only possible problem is that the properties are read from/
written to the same file, so the instance that ends last will overwrite the properties of the
first one. This does not have to be a problem. However, if thisis an issue, you can start
the program with the - - pr oper t i es filename, pointing to an alternative properties
file. With Windows, you can duplicate the icon, and edit the command line on one of
those.

2.4.9.5 | miss DecodelR!

Support for Decodel R was removed, not just hidden and deprecated, because keeping it
would increase maintenance and installation effort substantially. For accessing Decodel R,
it isrecommended to install version 1.4.3 (which isthe final release with DecodelR) in
parallel to the current one, see the previous answer for details.
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2.4.9.6 Firewall issues?

Except for the usual HTTP(S) ports, the program uses some TCP and UDP ports for
communicating with some of the supported hardware. These are:

» For GlobalCache thisis TCP port 4998. Its discovery beacon uses UDP port 9131.
e LircusesaTCP port, per default 8765.
» AGirson an ethernet connected board uses a TCP port, per default 33333.

2.4.9.7 Does IrScrutinizer completely replaces IrMaster?

Almost. Using MakeHex as renderer (or more correctly, its Javaversion) is not
implemented. (The practical usage of this feature is probably very limited, and IrMaster
isstill available, should it ever be needed.) The "war dialer" is also not implemented, but
see next question. For the wave export, some rarely used options (the possibility to select
big-endian format (for 16-bit samples), the possibility not to half the carrier frequency,
and the possibility to select sine (instead of square) for modulation) have been removed.
Finally, there is some stuff that simply works differently, like the export function.

2.4.9.8 How do | emulate the war dialer of IrMaster?

UseScrutini ze renote -> Paranetric Renot e. Fill inthetablewith
signals to be tested, either using the pop-up button (right mouse in the table) Advanced
-> Add missing F's, or from the Render pane, using suitable parameter intervals (see
this), and transfer them usingthe To par anetri ¢ r enot e button. Then test the
candidate signals one at atime by transmit-ting them, using suitable sending hardware.
The comment field can be used for note taking.

A "war dialer” likein IrMaster may be implemented in alater version.

2.4.9.9 Can | use this program for conveniently controlling my favorite IR controlled device from the
sofa?

No, the program is not meant for that. While you definitely can assemble a"remote” on
thescruti ni ze renot e panel, and transmit the different commands with mouse
commands (appropriate hardware assumed), the program is intended for developing codes
for other deployment solutions.

Check out JGirs, which isan IR server implementing the Girs specification. It can be
considered as "IrScrutinizer asa server".

2.4.9.10 The pane interface sucks.

Yes. There are several use cases when the user would like to see severa "panes’
simultaneously. Also, it should be possible to have several windows of the same sort
(likethescrutini ze si gnal ) simultaneously. Replacing the top level paneswith
something "Eclipse-like" (sub-windows that can be rearranged, resized, moved, iconized)
ison my wish list.
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2.4.9.11 What about the "fishy" icon?

It isaBabel fish, asfound in The Hitchhiker's Guide to the Galaxy, having the property,
that "... if you stick onein your ear, you can instantly understand anything said to you in
any form of language”. This symbolizes the program's ability to "understand” (read and
write) alarge number of different IR formats.

2.4.9.12 1 did something funny, and now the program does not startup, with no visible error
messages.

Try deleting the properties file. (Note the command line option - - nuke- properti es
which will do exactly that, without having to manually find the file or its name.) If

that does not help, try starting the program from the command line, which may leave
hopefully understandable error message on the console.

2.4.9.13 (Windows) When | double click on the IrScrutinizer symbol, instead of the program starting,
WinRar (or some other program) comes up.

The program that comes up has "stolen” the file association of files with the extension
. ar . Restoreit. (Allegedly, WinRar can gracefully "unsteal" file associations.)

2.4.9.14 (Windows) Why is the program so slow at start-up?

Normal start up time is afew seconds, about the same time as it takes for (e.g.) aweb
browser to start. If it takes considerably longer than that, the problem is almost surely
hardware related, i.e., the program looks for possibly non-existent hardware. To fix

this, make sure that the selected capture- and sending devices (these are save between
sessions!) do not correspond to something non-existent. The most "innocent™ settings
are: capture: Lirc mode 2, and sending: Audio port. These are aso the defaults when the
program starts up for the first time. Also, consider deleting possible "junk devices' in the
Windows device manager under COM & LPT (unused Bluetooth-to-serial ports etc.).

2.4.9.15 (Linux) | get error messages that lock files cannot be created, and then the serial hardware
do not work.

This answer needs updating.

When starting IrScrutinizer, or by pressing the Ref r esh button, error messages occur
like
check_group_uucp(): error testing lock file creation Error

detail s: Perm ssion deni edcheck | ock_status: No perm ssion to
create lock file.

(and anumber of them...) The problem is that the library r xt x (like some other program
accessing aseria interface) wants to create alock file in aparticular directory. Thisis/
wastraditionally / var / | ock, which is often asymboliclink to/ var/ run/ | ock.
This directory is normally writable by members of the group | ock. So your user-account
should probably be a member of that group. (How to perform thisis different in different
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Linux distributions.) The rxtx library delivered with IrScrutinizer expects the lock
directory to be/ var /| ock. However, recently some Linux-distributions (e.g. Fedora
20), instead areusing / var / | ock/ | ockdev asitslock directory (while/ var /| ock
still isalink to/ var/ run/ | ock. To solve this, | recommend, if possible, installing
rxtx provided by the Linux distribution used, i.e. not using the one with IrScrutinizer. For
example, on Fedora, the command is

sudo dnf install rxtx

which instalsthelibrary in/ usr/ i b/ rxtx or/usr/|ib64/rxt x, depending

on the operating system. (Other distributions uses other commands, for example apt -
get on Debian-like systems.) Finally, the correct installation directory of the library

(I'i brxtxSeri al - 2. 2prel. so) hasto be given to the VM running IrScrutinizer.
For this, seethewrapperi r scr uti ni zer . sh and the comments therein, and make the
necessary adaptations.

2.4.9.16 What is on the splash screen?

From left to right, a Global CachéiTach Flex, an IrToy, and alow-cost clone of an
Arduino Nano, the latter equipped with anon-demodulating IR detector (TSMP4138) for
capturing and an IR diode (SFH415) for sending. These are all hardware which work well
with IrScrutinizer, both for sending and capturing.

2.4.9.17 Why do | get multiple "Really exit?" confirmation questions when exiting?

If the "Scrutinize Remote" parametric table is non-empty and not saved, the user is asked
to acknowledge the exit, since he/she may otherwise loose carefully entered data. Exactly
the same thing goes for the raw table. So, it is not "multiple”, it may be at most two; they
are not identical (but very similar). Thereisalso a"Do not ask thisagain” checkbox.

2.4.10 Appendix. Building from sources

"IrScrutinizer”" is one subproject within harctoolbox.org. It depends on several other
subprojects within harctoolbox. The repository IrScrutinizer consists of this subproject.

The released versions are found on the download page. The development sources are
maintained on my GitHub repository. Forking and pull requests are welcome!

| go to great lengths ensuring that the program runs equally well on all supported
platforms. | do not care too much that all aspects of the build runs equally well on all
platforms. | build with Linux (Fedora), the continuous integration build runs on GitHub
Actions (deploying Ubuntu). Other platforms are treated step-motherly.
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2.4.10.1 Dependencies

As any program of substantial size, IrScrutinizer uses a number of third-party
components. All of these are also free software, carrying compatible licenses. The
dependent packages need to be installed aso in the host-local Maven repository in order
for the build to work. In some cases (basically the ones with a version not ending with

- SNAPSHQT), the packages are uploaded to the Maven central repository, and will be
automatically downloaded to the local host by a Maven invocation.

There are some scripts to aid downloading and building, described next. It is assumed that
git and Maven are installed and available as commands gi t and mvn respectively.

Of course, it is also possible to manually download or clone these packages from my
Github repositories, then build and install them locally by mvn i nstal | .

IrpTransmogrifier, Girr, HarcHardware, Jirc

These are all Java packages that are required to build IrScrutinizer. HarcHardware
requires nrjavaserial. They can be downloaded and built by the script conrmon/
scri pt s/ bui |l d- har ct ool box- proj ect . sh, using an argument of

| rpTransnogrifier,G rr,HarcHar dwar, or Ji r c. Seethefile. gi t hub/
wor kf | ows/ maven. yn for the complete commands.

DevSlashLirc

Thislibrary isused to access/ dev/ | i r c-hardware. It is used by the Linux version
only. ItisaJava JNI library, written in Java and C++. It iswritten by myself, and
available here.

The subdirectoriesnat i ve/ Li nux- and64, nati ve/ Li nux-i 386,andnati ve/
Li nux- ar mcontain compiled versions for the x86_64, x86_32, and ARM processors
respectively.

The package can be downloaded, and the Java part built, by the script conmon/
scri pt s/ bui |l d- har ct ool box- proj ect . sh using the argument
DevSl ashLirc (see.travis.ym foranexample).

nrjavaserial

Thisisafork of the legacy RXTX library for serial communication with Java. Version
5.2.1iscurrently used.

JCommander

Normally, this component is downloaded and installed automatically by Maven.

Tonto

Tonto can be downloaded and installed by the script conmon/ scri pt s/ bui | d-
t ont 0. sh. It requires the Apache ant build system to be installed as the command ant .
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Note that the shared library | i bj ni j comm which isrequired by the Tonto program for
communicating with a Pronto remote through a seria interface, is not required for use
with IrScrutinizer, and can therefore be left out. Using the option - n to the script (see
.travis.ym foranexample), the script will not try to build and install the shared
library.

2.4.10.2 Building

The Maven "software project management and comprehension tool"” is used as building
system. Modern IDEs like Netbeans and Eclips integrate Maven, so build etc can be
initiated from the IDE. Of course, the shell command nvn i nst al | can aso be used. It
creates some artifacts which can be used to run IrScrutinizer inthel r Scrut i ni zer/

t ar get directory.

Two additional shell tools are needed. These are;

* Theuni x2dos and dos2uni x utilities, typically in thedos2uni x package.
* Thei cot ool utility, typically inthei cout i | s package.

2.4.10.3 Windows setup.exe creation

For building the Windows setup.exe, the Inno Installer version 6 is needed. To build the
Windows set up. exe file, preferably the work area should be mounted on a Windows
computer. Then, on the Windows computer, open the generated filel r Scr ut i ni zer/
target/1rScrutinizer _inno.iss withthelnnoinstaller, and start the compile.
Thiswill generatethe desired filel r Scut i ni zer - version. exe.

Alternatively, the "compatibility layer capable of running Windows applications’
software application Wine (included in most Linux distributions) can run the ISCC
compiler of Inno. The Mavenfilel r Scr ut i ni zer/ pom xmnl contains an invocation
along these lines, conditional upon the existence of thefile. . /I nno Setup 6/

| SCC. exe.

2.4.10.4 Mac OS X app creation
The Maven build createsafilel r Scr uti ni zer - version- macCS. dnyg. Thisfile can
be directly distributed to the users, to be installed according to these instructions.

Theiconfilel r Scruti ni zer . i cns was produced from the Crystal-Clear icon
babel fi sh. png in 128x128 resolution, using the procedure described here.

2.4.10.5 Applmage creation

To build the x86_64 Applmage, define bundl edj dk_ur| _sans_fil e and
bundl edj dk inpom xm to point to a suitable JDK distrubution file. If afile
with name given by bundl edj dk is not present in the top level directory, it can be
downloaded by the script t ool s/ get - j dk-t ar. sh. Then the maven goa nake-
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appi mage (which will beinvoked during anormal build) will build an appimage for
x86_64.
2.4.10.6 Test invocation

For testing purposes, the programs can be invoked from their different target directories.
IrScrutinizer can be invoked as

$ java -jar target/IrScrutinizer-version-jar-wth-dependencies.jar

or, if the shared libraries are required, with path-to-shared-libraries denoting the path to a
directory containing the shared libraries.

$ java -Dava. library. path=path-to-shared-libraries -jar target/
I rScrutinizer-version-jar-wth-dependencies.jar

IrScrutinizer can also be started by double clicking the mentioned jar file, provided that
the desktop has been configured to start executable jar with a Java virtual machine.
2.4.10.7 Installation

Maven does not support something likemake i nstal | for deployment installing a
recently build program on the local host. Instead, the suppliedt ool s/ Makefi | e can
install the program to normal Linux locations (in the Makefile| NSTALLDI R),

sudo nmake -f tool s/ Makefile install

Equivaently, the just created generic-binary package | r Scr ut i ni zer/t ar get/
| r Scrutinizer-*-bin. zip)canbeinstalled using these instructions.

2.5 IrpTransmogrifier: Parser for IRP notation protocols, with rendering, code
generation, and recognition applications.

Possibly you should not read this document! If your are looking for a user friendly GUI program
for generating, decoding, and analyzing IR signals etc, please try the GUI program IrScrutinizer,
and get back hereif (and only if) you want to know the details on IR signal generation and

anaysis.
2019-08-06 Initial version, for IrpTransmogrifier Version 1.0.0.
2019-08-11 Minor twesks for version 1.0.1.
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2019-12-27 Update for version 1.2.4.

2020-05-19 Update for version 1.2.6. More of an improvement
and clarification than a description of new features.

2020-06-27 Update for version 1.2.7: IRP database
maintenance.

2021-06-03 Update for version 1.2.10: Minor improvements.

2022-05-07 Update for version 1.2.11: Spelling fixes etc.

2024-01-08 Minor clarifications: Described predicatesin
prefer-overs and non-emptyness requirement for
repests.

Table 1: Revision history

2.5.1 Release notes

Release notes for the current version

2.5.2 Introduction

The IRP notation is a domain specific language for describing IR protocols, i.e. ways of
mapping a number of parametersto infrared signals. It is avery powerful, slightly cryptic,
way of describing IR protocols, that was first developed by John Finein 2003. In early
2010, Graham Dixon (mathdon in the JP1-Forum) wrote a specification.

This project contains a parser, a number of basic classes, and utilities for IRP protocols. It
does not contain a graphical user interface (GUI). See Main principles for a background.
Instead, the accompanying program IrScrutinizer provides GUI access to most of the
functionality described here.

Thisisanew program, written from scratch, that is intended to replace IrpMaster,
Decodel R, and Exchangel R, and much more, like potentially replacing hand written
decoders/renders. The project consists of an APl library that is also callable from the
command line as acommand line program.

The name indicates that the program transforms ("transmogrifies') IRP form protocolsto
and from all sort of different things.

For understanding this document and program, a basic understanding of IR protocol is
assumed. However, the program can be successfully used just by understanding that

an "IRP protocol” isa"program" in a particular domain specific language for turning a
number of parametersinto an IR signal, and the present program is a compiler/interpreter/
decompiler of that language. Some parts of this document requires more |RP knowledge,
however.
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2.5.2.1 Background

This program can be considered as a successor of IrpMaster. The IRP parser thereinis
based upon a ANTLR, using the now obsolete version 3. The "new version" ANTLR4
isreally not anew version, but acompletely different tool, fixing most of the quirks

that wereirritating in IrpMaster (like the "ugliness' of embedding actions within the
grammar and no left recursion). Unfortunately, this means that using version 4 instead of
version 3isnot like updating a compiler or such, but necessitates a complete rewrite of
the grammar and the actions.

It turned out that IrScrutinizer version 1 (i.e. the version based upon IrpMaster for
generating and Decodel R for decoding) had a fundamental problem: Although Decodel R
and IrpMaster (the latter through the database | r pPr ot ocol s. i ni ) agree on most
(but not all) protocols, they relied upon two different, dis-coupled sources of protocol
information. If the data base for the sending protocols were changed or extended, this
affected sending only, while decoding was not changed, and potentially conflicted with
the sending protocols. Also, both Decodel R and the IR Analyzer, used in IrScrutinizer
versions before 1.3, have shown to be essentially impossible to maintain and extend.

2.5.2.2 Dependencies

The program is written entirely in Java, using no native libraries. Therefore, it runs on
anything for which Java (presently at least version 8) is available. Except for building
(using Maven and a number of its plugins), testing of the program (using TestNG), and of
course the Java framework, it depends on ANTLR4, StringTemplate, and the command
line decoder JCommander.

In order to avoid circular dependencies, it is prohibited to use any other Harctoolbox
software.

2.5.2.3 Documentation principles

Therole of program documentation has changed considerably the last few decades.
Ideally, a program does not need any documentation at all, if its operation is entirely
obvious. Unfortunately, as non-trivial problems almost never have trivial solutions, so
some sort of documentation is almost always necessary for programs solving complex
programs. The next best thing is that the program contains its own documentation, for
GUI programs through tool-tips, info-popups etc, for command line programs through
help texts. This can contain precise information over the syntax and semantic of, for
example, commands. Since they are integrated in the program and maintained together
with the program source, it isless likely that it lacks behind the actual program behavior,
than in the traditional program manual like this. They may also change faster than
reference manual.

Documentation for API, and structures like XML Schemas should preferably be
integrated into the source itself, using technologies like Javadoc, Doxygen, and, for XML
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documents, including Schemas etc, be documented using the avail able documentation
elements.

Separate program documentation, on paper or electronically (like the present document),
should then play another role than in the last century. It should be centered around
explaining the concepts of the program, the "why", and not the "how". Some details that
cannot in a natural way be explained within the program with a few sentences can also be
covered.

The present document iswritten in that spirit. We do not explain all commands and
parameters, at least not the ones that are (more-or-less) obvious. Also, since the program
changes more often than the manual, it iswritten to be a"nice" document, not to exactly
document a particular version of the program.

Since atext like thisis unlikely to be read sequentially from start to finish, redundancy
and repetitions are not considered evil and asign of stylistic inaptitude, like in other type
of documents.

All sort of suggestions for improving the documentation are always welcome. Also,
reports of useless or misleading error messages, as well as suggestion on improving them,
are solicited.

One or moretutorial Y outube videos are planned, explaining the program and its
principles more informally.

2.5.2.4 Acknowledgement

| would like to acknowledge the influence of the JP1 forum, both the programs (in
particular of course Decodel R, and the discussions (in particular with Dave Reed ("3FG")
and Graham Dixon ("mathdon™)). This work surely would not exist without the JP1
forum.

2.5.2.5 Copyright and License

The program, as well as this document, is copyright by myself. Of course, it is based
upon the IRP specification, but isto be considered original work. The "database file"

| r pProt ocol s. xm isderived from many sources, in particular Decodel R.html
(whichis public domain), so | do not claim copyright, but place it in the public domain.

The program uses some third-party project. It dependson ANTLRA4 (license), and
Stringtempl ate (license) by Terence Parr. It aso uses the command argumend decoder
JCommander by Cédric Beust. Thisis free software released under the Apache 2.0
license.

The program and its documentation are licensed under the GNU General Public License
version 3, making everyone free to use, study, improve, etc., under certain conditions.

Should the wish arise to use the program in away not allowed by the GPL, please contact
me for discussing adual license agreement.

Data and code generated by the program can be used without any copyright restrictions.
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2.5.3 Main principles

2.5.3.1 Design principles

It iseasier and more logical to put a GUI on top of asane AP, then to try to extract AP
functionality from a program that was never designed for this but built around and into
the GUI. The goal of this project isan APl and a command line program.

Performance considerations

Performance consideration, both time and space, were given secondary priorities. Also,
the decoding mechanism isintrinsically much slower that DecodelR. A single decode
can take severa hundred milli-seconds. However, in normal interactive use from the
command line or through IrScrutinizer, this does not introduced any noticeable delays.

IR signal formats

The current program reads raw format, and Pronto Hex format IR signals. These formats
can also be output. Although many more formats exist, it is not planned to extend this.
The "conversion expert” is IrScrutinizer (which is even symbolized by itsicon, the Babel
fish).

Data types

Everything that is a physical quantity (durations and frequency), are real numbers (in the
Javacodedoubl e),

Durations are always given in micro seconds. Unless in a context where the IRP says
otherwise, all others quantities are given in (pure) Sl units without prefix. So are duty
cycle and relative tolerance both area number between 0 and 1, not a number of
percents. Modulation frequency is given in Hz, not it kHz (with the exception of the
Gener al Spec, sincethisisdefined in the specification).

Integer literals can be given in base 16 (using prefix "0x"), base 8 (using prefix "0"), base
2 (using prefix "0b"), aswell asin base 10 (no prefix, omitting leading zeros).
Integer quantities are in principle arbitrarily large, but in most cases limited to 63
bits, since the implementation uses Java's| ong, 64 bitslong, amounting to 63 bits
plus sign. (Work is ongoing to remove this restriction, by, alternatively using Java's
Bi gl nt eger )

Internationalization

Being a command line program and API library, this project is not a a candidate for
internationalization.
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2.5.4 Theory and general concepts
2.5.4.1 Main concepts

IrSequence

Sequence of time durations, in general expressed in microseconds, together with a
modulation frequency. The even numbered entries normally denote times when the IR
light is on (disregarding modulation), called "flashes" or sometimes "marks", the other
denote off-periods, "gaps' or "spaces'. They always start with aflash, and end with a gap.

In some communities (Lirc and Linux, |Rremote), the ending gap is not considered to be a part
of the IrSeguence/lrSignal. This must be taken into consideration if importing signals from these
communities.

IrSignal

Consists of three IR sequences, called

1. gtart sequence (or "intro", or "beginning sequence"), sent exactly once at the
beginning of the transmission of the IR signal,

2. repeat sequence, sent "while the button is held down”, i.e. zero or more times during
the transmission of the IR signal (although some protocols may require at least one
copy to be transmitted),

3. ending sequence, sent exactly once at the end of the transmission of the IR signal,
"when the button has been released". Only present in afew protocols.

Any of these can be empty, but not both the intro and the repeat. A non-empty ending
sequence is only meaningful with a non-empty repeat.

By "sending an IrSignal n times' we shall mean sending an IrSequence consisting of
one copy of the intro sequence, n - 1 copies of the repeat sequence, and one copy of the
ending sequence, unless the intro sequence is empty, in which case the IrSequence has n
repeats, followed by the ending sequence.

Numerical equality between durations

Two durations d1 and d2 are considered numerically equal, if either the difference
isabsolute less or equal than absol ut e- t ol er ance or the difference

divided by the largest islessthan or equal thanr el ati ve-t ol er ance. (see

I rCoreltils. approxi mat el yEqual s).

Parsing of IR signals as text

We need a new ssimple text format for raw IR signals:
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Bracketed raw format

Simple text format for formatting of araw IR signal, introduced with the current

program. Intro-, repeat, and (optionally) ending sequences are enclosed by brackets ("[]",
sometimes called "square brackets' or "square parenthesis'). Signs ("+" for flashes, "-"

for gaps), as well as interleaved commands or semicolons, are accepted, but ignored (even
if they are not interleaved). Optionally, the beginning sequence can be preceeded by

Fr eq=frequency_in_HzHz giving the modulation frequency. If not explicitly given, a
default value (dependent on the reading program, but in general 38000HZ) is assumed.

Example (an RC5-signal):

Freq=36000Hz[ ] [ +889, - 889, +1778, - 889, +889, - 889, +889, - 889, +889, - 889, +889, - 889, +889, - 889,
+889, - 889, +889, - 889, +889, - 889, +889, - 889, +889, - 889, +889, - 90886] [ |

Although we only consider the Pronto Hex and the raw form, parsing of text
representation is anon-trivial task. IrpTransmogrifier presently contains three different
parsers, tried in order until one succeeds. These are classes implementing the interface
| r Si gnal Par ser, namely:

ProntoPar ser

Triesto interpret its argument as Pronto Hex, possibly after concatenating al lines of
its argument.

Bracketedlr SignalPar ser

Triesto parse an IrSignal in the bracketed text format, as defined above.

Multilinelr Signal Par ser

If the number of linesis 1, 2, or 3, these are considered intro-, repeat-, and ending
sequence respectively. If there are more lines, these are concatenated, and considered
an intro-sequence, without repeat-, and ending sequence.

Programs can add other formats and their corresponding parsers using the API. For
an example, in IrScrutinizer, a parser for the Global Caché sendir format is added, see
org. harctool box.irscrutinizer.Interpretstring.interpretString().

Cleaner

Physically measured IR signals/sequences are in general "dirty”, consisting of a
number of close, but not quite equal, measured durations. To be useful for further
processing, the signal/sequence needs to be cleaned. The naive way to implementing
such a cleaning algorithm is to round off all durations to a multiple of an (more ore
less arbitrarily selected) time unit. The cleaner in IrpTransmogrifier takes a more
sophisticatedly approach: The collected durations found in the sequence(s) are bundled
into "bins’ (digoint intervals), according to this closeness concept. Every duration
belonging to abinis"close" (determined by those parameters) to the bin middie. All the
durations within the bin are then replaced by the average of its members. It is thus not
guaranteed that the distance between a duration and its replacement will be consistent
with absol ut e-t ol erance andrel ati ve-tol erance.
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If invoked on a number of IR signals/sequences, the histogram is formed over all
sequences, and the corresponding "cleaning" then applied to the individual signals/
sequences.

The cleaner is not a separate function in the command line program, but can be invoked
together with the decode and anal yze commands.

Repeat finder

A repeat finder is a program that, when fed with an IrSequence, tries to identify a
repeating subsequencein it, returning an IrSignal containing intro-, repeat-, and ending
sequence, compatible with the given input data. IrpTransmogrifier can optionally run its
data for the decode and analyze command though its built-in repeat finder. The repeat
finder is configurable using the following parameters:

absol ute.tol erance

See Numerical equality between durations. Current default: 100.0.

rel ative-tol erance

See Numerical equality between durations. Current default: 0.3.

m nr epeat gap

To be recognized as arepeat sequence, the final gap must be at least thislong.
Default: 5000.0.

In some cases, the repeat finder is doing a "too good” job and may squash a signal so that the
decoder does not produce the expected result. For example, aJVC signal is reduced beyond the
JVCIRP. (To handle this case, the relaxed protocol JVC_squashed was entered into the IRP
data base.)

The Configuration file/IRP protocol database

The configuration filel r pPr ot ocol s. i ni of IrpMaster has been replaced

by an XML file, called | r pPr ot ocol s. xml . The XML format is defined by

aW3C schema, named irp-protocols, having the XML name spaceht t p: / /

www. har ct ool box. or g/ i r p- prot ocol s. Thisformat has many advantages
over the previous, simpler, format, asit gives access to different XML technologies, for
example for formatting and transforming. It can contain embedded (X)HTLM fragments,
useful for for writing documentation fragments. The file is to be thought of as a data base
of protocols and their properties and parameters, not as a configuration file for the present
program. It can contain different parameters that can be used by different programs, for
example, tolerance parameters for decoding. For this, arbitrary string-valued parameters
are permitted. It is up to an interpreting program to determine the semantic. Within
IrpTransmogrifier, thisis used for providing protocol-specific values to the parameters.

If setting the attributet ype="xml ", the element's content is considered an XML
document fragment, i.e., arbitrary (well-formed) xml content can be present.
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Thereisaso an XSLT stylesheet | r pPr ot ocol s2ht ml . xsl , which trandates
thisfile to readable HTML, for reading in aHTML browser. This makes it possible to
browse the said filein an XSLT-enabled browser just by opening it. Unfortunately, this
very practical mechanism is since recently considered a security problem. Firefox (and
possibly other browsers) therefore unfortunately disables it for local files (URIsusing
file: scheme).)

More than one protocol databasefile ("I r pPr ot ocol s. xm ") can be deployed. This
gives auser or a program the possibility to strictly divide his/her/its own entries from
the official ones. A "small" file modifying and/or adding afew protocolsis often called
a"patch file", although there is actually no difference between the first and subsequent
files, and the semanticsisidentical. All files are required to be valid XML, and should be
valid with respect to the given XML schema.

From the command line, the option - - conf i gf i | e can be given several times, or
several files can be given as argument, separated by commas (*,"). From the API, see the
function | r pDat abase. pat ch( Fi | e) (and others).

The content of the patch file is basically merged into the data base, amending the
information already there, with the exception that an empty entry deletes the original one.
The exact rules are as follows:

» |If apatch file contains an empty protocol element, the protocol with the same name
will be (if present) removed from the data base. Otherwise, its content is amended into
the present one.

» For the protocol properties (both the XML properties and the normal ones) similar
rules apply: An empty property element removes that property from the protocol. A
non-empty property in a protocol in the patch file is added to the end of thelist that is
the value of that property in the protocol (unlessit is already present).

* However, the "properties” irp and documentation are different, since there can only be
one of those in a protocol. For these, an entry in the patch file overwrites the original
entry.

Syntax and semantics of the file is believed to be essentially self explaing. The exact
syntax is given by the schema, and is therefore not repeated here.

Note that the program contains some functions for the maintenance of the data base.

Protocol parameters

Most protocol parameters are given asthe par anet er element. However, the protocol
name, its IRP, and its documentation are handled differently:

name

The name of the protocol. It is specified in the mandatory attribute nane in the

pr ot ocol element. The nameisfolded to lowercase for searches and comparisons,
which are therefore done case insensitively.

irp

The IRP form of the protocol, as text.
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docunent ati on

Also a separate, but optional, element. Any textual information can be put here.
Arbitrary (valid) (X)HTML code can be included here, for example formatting
instructions, tables, or links. A processing program may select to render the HTML
content, passit through, or just to ignoreit. (For example the current version of the
command line program will, using the command option | i st --docunent ati on
produce an "dumb” version, whilel i st --ht ml will givethe original text,
enclosed inaHTML di v element.

The following parameters may be given for any protocol in the data base. They override
the global values for the current protocol.

absol ute-tol erance

See Numerical equality between durations. Current default: 100.0.

relative-tol erance

See Numerical equality between durations. Current default: 0.3.

frequency-tol erance

Tolerance in Hz for frequency comparisons. Set to -1 to disable frequency check.
Current default: 2000.0.

m ni mum | eadout

Minimal duration in micro seconds that is accepted as final duration. Current default:
20000.0.

pref er-over

If asignal has multiple decodes, the present protocol is preferred over the one
mentioned as pr ef er - over . May be given severa times. Alternatively, the content
of the element may have two parts: a predicate and a protocol name, separated by a
semi colon ("; "). The predicate is evaluated for the current, to be preferred, protocol
and its parameters. Only if the predicate (whichisan expr essi on in the sense of
IRP) evaluates to non-zero, the preferance takes effect. (See the protocol Pi oneer
for an example.) (Normally, a specia protol should be preferred over a more genera
one.)

alt_nane

Alternative name, ("alias’, "synonym™) for the present protocol.

rej ect-repeatl ess

When decoding, normally the repeat sequence may match O times, i.e. not at all.

If this parameter ist r ue at least one repeat must be present for a match to be
recognized. (Strictly speaking, this would have been possible to achieve by using "+"
instead of "*" for the repeat indicator, but this would have other disadvantages.)
decodabl e

Setting thisto f al se prohibits the program from trying to use this protocol for
decoding. Normally, thisis only used for portocols that are so involved that protocol
decoding isimpossible or not feasible.

decode-only
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Setting thisto t r ue makes the program refuse to render the protocol. Should be used
only for "protocols' that denote incomplete or otherwise flawed decodes ("relaxed"
protocols), for example with missing parts or non-matching checksums.

Other parameters are allowed, but ignored by IrpTransmogrifier. They may be used by
another program. Also, new parameters may be introduced in the future.

Some more commands and hints are given as commentsin the file itself.

2.5.5 Use cases

In this section, we will discuss the different use cases from a high-level, theoretical
standpoint, without delving into the usage of the program. The subsequent section
Subcommands, which to a certain degree mirrors the present, will cover the usage of the
program.

2.5.5.1 Rendering

Given a protocol name, present in the protocol data base (alternatively, an IRP protocol
given explicitly with the- - i r p option), and a set of valid parameter values, an IrSignal
is computed. This use case corresponds to IrpMaster (or MakeHex).

In earlier versions of IrScrutinizer, the word "generate" was used instead of "render".
These words can be considered as synonyms.

2.5.5.2 Decoding

General

This use case corresponds to Decodel R: given anumerical IR signal/sequence, find

one (or more) parameter/protocol combination(s) that could have generated the given
signal. Thisisimplemented by trying to parse the given signal with respect to a number
of candidate protocols, per default all. It isthus very robust, systematic, and customizable,
but comparatively slow.

While every conforming IRP form with only one repeat also can be usable for rendering,
the same is unfortunately not true for decoding. A few protocols cannot be used for
decoding. Non-recognizable protocols are marked by setting the decodabl e parameter
tof al se. To be useful for decoding, the IRP protocol should adhere to some additional
rules:

* Non-deterministic grammars (like, for example, "A? A*") must be avoided.

* The"+" form of repetitionsis discouraged in favor of the"*" form.

* Thewidth and shift of a Bitfield must be constant (i.e. not dependent on protocol
parameter).

» Thedecoder is capable of simple equation solving (e.g. Ar ct ech), but not of
complicated equation solving (e.g. Fuj i t su_Ai r con_ol d).
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Presently all but the protocolszeni t h, necl1-shirrif, (non-constant bitfield
width); RTI _Rel ay_al t,fujitsu_aircon_ol d (would require non-

trivial equation solving)) are decodable. (Note how the non-decodable protocols

RTI _Relay_alt andfujitsu_aircond_ol d wasmadedecodable (RTI _Rel ay
andf uj i t su_ai r con) by achanged parameterization.)

Multiple decodes

In many cases, asigna produces more than one decode. Thisis not necessarily an error
nor a deficiency of the decoder. However, many protocols are effectively a special

case of another protocol, for example, an signal that decodes to the Apple protocol by
mathematical necessity isalso avalid NEC1-f16 signal. It thus makes sense for the
decoder to have an Apple decode to "override" a NEC1-f16 decode. Thisis specified by
thepr ef er - over parameter. With this mechanism, the preferences are under control of
the configuration file, not hard soldered into the program code as in Decodel R.

Loose matches, "Guessing"

Many captured signals do not quite match the protocol they are supposed to match.
However, in order to give the user of adevice maximal comfort, the firmwarein a
receiving device isin general quite "forgiving", and accepts slightly flawed signals. The
degree of "forgiveness' should be balanced against the possibility of "false positives':
that the device erroneously considers "noise" of some form (often commands for a
different device) as one of its commands. It is thus desirable for a program of this type to
find anear match, "guess’, when an proper match fails.

Generally speaking, it ismy principle to "make everything as simple as possible, but

not simpler"”. Sometimes a signal has several decodes, or none at al. Sometimes only a
part of the datais used for the match. In these cases, the program always prefer to tell

the truth (and the full truth) to the user, instead of, in the name of user friendlyness, to
perform questionable simplifications. Unfortunately, a badly informed user tend to prefer
aprogram delivering exactly one answer to every question over a program presenting the
full truth.

There are afew different issues:

Matching of durations, non-leadouts

Non-ending durations are matched according to the numeric equality criterion, using the
parameters absol ut et ol erance andr el ati vet ol erance.

Matching of ending durations

The ending duration has a dlightly different role. When capturing, the ending duration is
the time you have verified that nothing more is coming, not areal measurement. (Some
"communities”, like Lirc and IrRemote, do not consider an ending duration at all.) For
this reason, it does not make sense to check the ending duration the same way as the
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other, non-ending durations. Thereisinstead a parameter m ni mum | eadout (possibly
protocol dependent); the ending duration is considered as passed if it islonger or equal to
m ni mum | eadout .

Matching of modulation frequency

Thereisaparameter f r equencyt ol er ance, which defaults to 2000. The
frequency test is considered passed if the absolute difference between measured

and expected frequency islessor equal tof r equencyt ol er ance. Setting

f requencyt ol er ance negative disables the frequency test, i.e., al values pass the
test.

If an asymmetric interval is needed, instead the parametersf r equency- | ower and
f requency- upper caninstead be used, specifying the lowest and highest frequency
that is to be accepted.

All of these parameters are to be given in Hz, not kHz.
It turns out that decoding of IrSignals and IrSequences are two fairly different use cases:

Matching of IR Signals (Intro-, Repeat and Ending sequence)

Thetask isto match an IR signal (with intro-, repeat- and ending sequence) to a

protocol, turn out, "practically”, to be more involved than just matching the different
seguence to each other. The to-be-matched signal is often empirically measured, and

its decomposition into sequences the result of entering a measured signal into a repeat
finder. For a short measured sequence, the repeat part may not be identified as such. For a
decoding program to be considered practically usable, this problem, and related problems,
must be addressed and handled correctly.

For "strict" matching of agiven IR signal, the intro-, repeat-, and ending sequences are
required to match their theoretical counterparts (within numerical tolerances). If thisfails,
it may be sensible to convert the signal to an IrSequence (normally by concatenating the
intro, repeat and ending sequences), and try to decode as IrSequence, as described in the
next section.

A strict decode result of an IrSignal isanumber (ideally exactly one) of

decodes, each one containing a protocol and a set of corresponding parameters.
(Technically, the function Decoder . decodel r Si gnal (1 r Si gnal ) returnsa
Decoder . Si npl eDecodeSet , beingan| t er abl e<Decoder . Decode>).

Matching of IR Sequences

A completely faithful decoding an IR Sequence is theoretically a more complicated
undertaking. Starting at position O, in general several decodes can start there

— athough of course "normally" only one. Such a decode matches an intro
seguence, zero or more repeat sequences, and the ending sequence. It thus

matches a certain number of durations, less than or equal to the duration of the
input IrSequence. In the case that the decode is shorter than the input signal, the
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process repeats with the IrSequence that is remaining, leading to an exponential

growth of decodes — at least in the general case. (Technically, the function

Decoder . decode( Modul at edl r Sequence) returnsaDecoder . DecodeTr ee,
whichisan |t er abl e<Decoder . Tr unkDecodeTr ee>, where each

Decoder . TrunkDecodeTr ee consists of one decode (with avariable number of
repeat-matches) ("trunk™) followed by another Decoder . DecodeTr ee.)

2.5.5.3 Code generation for rendering and/or decoding

Thetask is: For a particular protocol and a particular target (C, C++, Java, Python,...),
generate target code that can render or decode signals with the selected protocol. As
opposed to the previous use cases, efficency (memory, execution time) (for the generated
code) is potentially an issue.

Two mechanisms are available, XML and StringTemplate, described in the following two
sections.

Code generation with XML

The program generates basically an XML version of | r pPr ot ocol s. xm (with the
IRP protocol replaced by a much more "parsed” XML version). It isthe task of the user to
supply am XML transformation, for example using XSL T, that transfers the XML fileto
the expected target format. The program does not come with an XSLT engine, so this has
to be invoked independently on the XML export. It is recommended to use XSLT version
2 for writing the transformation.

Thisis presently used for generating the Lirc export format (which is basically another
XSLT transformation) of IrScrutinizer.

Code generation using StringTemplate

For code generation, the template engine StringTemplate can also be used. As opposed to
the XML case, the program contains the transformation engine.

Target dependent code is not considered a part of this project, but isfound in a separate
project.

2.5.5.4 General code analysis

This use case is not really connected to parsing IRP, but fitsin the general framework.
This has been inspired by to the Analyzer and the RepeatFinder in Graham Dixon's

ExchangelR.

Theoretically speaking, thisis an Inverse problem. Given one or many IR signals/
sequences, the problem isto find out what could have generated it, in the form of an IRP
protocol. This problem in general does not have a unigue solution; instead the "simplest"
oneis selected out of the possible solutions.
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In away, thisis amore abstracted version of the decoding problem. There are around 10
different "template IRP" (for example, different forms of bi-phase and PWM modulation)
that are tried. For every of those templates, a quantity, "weight" is computed, quantifying
(in asomewhat arbitrary manner) how "complicated" the answer is. The template that
produces the "simplest" answer, i.e. the one with the least weight, is selected.

The form of the final answer can be influenced by a number of different parameters, use
thecommandi r pt ransnogri fi er anal yze --hel p tolist them.

2.5.5.5 IRP database maintenance

The command line program also contains some functions for maintenance of the IRP
database, described next.

Validation

An IRP database is required to be valid with respect to the a W3C schema. For this,
the common option - - val i dat e makes the program's XML parser read al filesin
validating mode, and stops if the input is not conforming.

Output of parsed database

The parsed database (possibly after merging of several files) can be output using the

I ist --dunp command. Thisoption generate an XML file on the output. All other
output is suppressed. This output can be, possibly after minimal hand editing (update
version?) used asnew | r pPr ot ocol s. xn .

Theoption - - xm doesthe same as - - dunp, except that the XML commentsin the
original files are suppressed.

Other options

Withthecommand | i st - - prefer-overs,theprotocol'spr ef er - over sare
printed, transitively. The option - - check- sor t ed checks the correct (al phabetic)
sorting of the commands (with respect to their names). There are also a number of other
options listing properties of the individual protocols, for example- - cl assify, --
di splay, --warning, --weight.

2.5.6 Extensions to, and deviation from, IRP semantic and syntax

This implementation of the IRP has a number of extensions, and afew deviations to the
current specification version 2. These will be described in detail next.

For the complete syntax, see the ANTLR grammar.
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2.5.6.1 Data types

While the original specification uses exclusively unsigned integers, here numbers that
areintrinsically "physical" (modulation frequency, durations, duty cycle) are floating
numbers, in the code doubl e.

Integer numbers are in general implemented with Javas| ong, effectively limiting the
number of bitsto 63. In the future, it is planned to remove this restriction, using Javas

Biginteger.

2.5.6.2 Repetitions

Possibly the major difficulty in turning the IRP Specification into programming code
was how to make sense of its repetition concept. Most formalisms on IR signals

(for example the Pronto format) considers an IR signal as an introduction sequence
(corresponding to pressing a button on a remote control once), followed by a repeating
signal, corresponding to holding down a repeating button. Any, but not both of these
may be empty. In afew relatively rare cases, there is also an ending sequence, send after
arepeating button has been released. Probably 99% of all IR signalsfit into the intro/
repetition scheme, allowing ending sequence in addition should leave very few practically
used IR signals left. In "abstract” IRP notation, these are of the form A,(B)*,C with A, B,
and C being (possibly empty) bar e i r st reans. Not al three may be empty; if B is
empty, then C must also be empty.

In contrast, the IRP notation reminds of they syntax and semantics of regular expressions:
There may be any numbers of (infinite) repeats, and they can even be hierarchical
(repetitions within repetitions). There does not appear to be a consensus on how this
extremely general notation should be practically thought of as a generator of IR signals.

The predecessor program IrpMaster tried to be very smart here, by trying to implement all
aspects, with the exception of hierarchical repetitions (repetitions within repetitions). This
never turned out to be useful. The present program takes a simpler approach, by smply
prohibiting multiple (infinite) repetitions.

2.5.6.3 Parameter Specifications

In the first, now obsolete, version 1 of the IRP notation the parameters of a protocol

had to be declared with the allowed max- and min-value. Thisis not present

in the current specification version. | have re-introduced this, using the name

par anet er _spec. For example, the well known NEC1 protocol, the Parameter
Specreads: [ D: 0. . 255, S: 0. . 255=255-D, F: 0. . 255] . (D, S, and F have the
semantics of device, sub-device, and function or command number.) This defines the
three variables D, S, and F, having the allowed domain the integers between 0 and 255
inclusive. D and F must be given, however, S has a default value that is used if the user
does not supply avaue. The software enforces that all values without default values are
supplied, and within the stated limits. If, and only if, the parameter specs isincomplete,
there may occur run-time errors concerning not assigned values. It is the duty of the IRP
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author to ensure that all variables that are referenced within the main body of the IRP are
defined either within the parameter specs, defined with "definitions" (Chapter 10 of the
specification), or assigned in assignments before usage, otherwise a run-time error will
occur (inthe code, aNaneUnassi gnedExcept i on will be thrown).

The preferred ordering of the parametersis: D, S (if present), F, T (if present), then the
rest in alphabetical order,

The formal syntax is as follows, where the semantic of the'@' will be explained in a
following section:

par amet er _specs:
'[' paraneter_spec (',' paraneter_spec )* ']’

| "I ]

par anet er _spec:
nanme ;' nunber '..' nunber ('
| nane '@ ':' nunber '..' nunber

expr essi on) ?
expr essi on

2.5.6.4 GeneralSpec

For the implementation, | alow the four parts (three in the original specification) to be
givenin any order, if at all, but | do not disallow multiple occurrences — it is quite hard
to implement cleanly and simply not worth it. (For example, ANTLR does not implement
exclusions. The only language/grammar | know with that property is SGML, which is
probably one of the reasons why it was considered so difficult (in comparison to XML) to
write a complete parser.)

The default frequency is 38kHz, not OkHz as in the specification. For the cases of
modulation frequency not "really" known, but "sufficiently close" to 38kHz, it is
recommended to rely on the default, not to state "38k" explicitly,

GeneralSpecs, duty cycle

Without any very good use case, | allow aduty cycle in percent to be given within the
Gener al Spec, for exampleas{ 37k, 123, nsb, 33% . It is currently not used for
anything, but preserved through the processing and can be retrieved using API-functions.
If some, possibly future, hardware needs it, it is there.

2.5.6.5 Persistency of variables

In the specification and in forum contributions, all variablesin a |RP description appear
to be consider asintrinsically persistent: They do not need explicit initialization, if they
are not, they are initialized to an undefined, random value. This may be a reasonable
model for a particular physical remote control, however, from a scientific standpoint it
isless attractive. In the current work, thereisaway of denoting a variable, typically a
toggle of some sort, as persistent by appending an " @" to its name in the parameter specs.
Aninitial value (with syntax as default value in the parameter spec) is here mandatory.
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For example, atoggleistypically declared as[ T@ 0. . 1=0] inthe parameter specs.
Itisset toitsinitial value the first time the protocol is used. Rendering such a protocol
typically updates the value, as given in an assignment, a 0-1 toggle goes like T=1-T). As
opposed to variables that has not been declared as persistent, it retains its value between
the invocations.

Aninstance of the Pr ot ocol class keeps the corresponding protocols's persistence
variables values between invocations, unless explicitly changed by parameter
assignments. In the command line program, this makes no sense, however.

2.5.6.6 Comments

Commentsin the C syntax (starting with / * and ended by */ ) are allowed, and ignored.
Also, C++-style comments ("//", extending to (and including) the end of line) are
accepted. (In the specifications, embedded comments in the IRP are not present.)

Thefunctionl i st --i rp liststhe IRP as given in the data base (preserving comments
and whitespace), whilel i st - - par sedi r p list the parsed version. The latter has
comments and whitespace removed, and observesthe - - r adi x argument.

2.5.6.7 Whitespace

All white space, including line breaks, are ignored when parsing. (In the original spec, the
IRP form had to be on oneline.)

Thefunctionl i st --irp liststhe IRP as given in the data base (preserving comments
and whitespace), whilel i st - - par sedi r p list the parsed version (with comments
and whitespace removed).

2.5.6.8 Extents

The specification writes " An extent has a scope which consists of a consecutive range
of items that immediately precede the extent in the order of transmission in the signal. ...
The precise scope of an extent has to be defined in the context in which it isused.”,

and, to my best knowledge, nothing more. | consider it as specification hole. | have
effectively implemented this interpretation: “ An extent has a scope which consists of
aconsecutive range of al non-extent items that immediately precede the extent in the
order of transmission in the signal, starting with the first element after the last preceding
extent, or from the start if there is no preceding extent.” Differently put: Every extent
encountered resets the duration count.

2.5.6.9 Multiple definitions allowed

It turned out that the preprocessing/inheritance concept necessitated allowing several
definition objects. These are ssimply evaluated in the order they are encountered, possibly
overwriting previous content.
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2.5.6.10 Names

The IRP documentation defines a name as starting with an uppercase letter, followed
by an arbitrary number of uppercase letters and digits. | have, admittedly somewhat
arbitrarily, extended it to the C-name syntax: Letters (both upper and lower cases) and
digits allowed, starting with letter. Underscore " " counts as letter. Case is significant.

2.5.6.11 Name spaces

There is adifference in between the |RP documentation and the implementation of the
Makehex program, in that the former has one name space for both assignments and
definitions, while the latter has two different name spaces. IrpTransmogrifier (just asthe
precessor IrpMaster) has one name space, as in the documentation. (Thisis implemented
with the NaneEngi ne class)

2.5.6.12 Expressions

Several extensions to the expressions have been made. Note that, informally speaking,

an expression is an integer, that, in different contextsis differently interpreted: as integer
value, (potentially infinite) bit pattern (using 2-complement representation), and logical (0
isf al se, everything elseist r ue).

For asummary of the complete syntax of expr essi on, see the grammar.

Terminology

In this project, we use the terms para_expression (denoting an expression enclosed
within parentheses) and expression instead of the specification's expression and
bare expression, since it was felt that the latter was wieldy and incompatible with
normal-day usage.

Literals

Numerical literals can be given not only on base 10 (as in the specification), but also in
bases 2 (with prefix 0b), base 8 (prefix 0), as well as base 16 (prefix 0x).

A few pre-defined literals are introduced for convenience and readability. These are:
Ul NT8_ MAX=2"8-1=0xFF =255,

 UINT16_MAX=2"16 - 1 = OXFFFF = 65535,

e U NT24 NMAX=2"24 - 1 = OXFFFFFF = 16777215,

e Ul NT32_NMAX =232 - 1 = OXFFFFFFFF = 4294967295, and

* U NT64_ NAX =2"64 - 1 = OXFFFFFFFFFFFFFFFF = 18446744073709551615.

Unary operators

In addition to the specification's unary minus ("-"), some additional unary operators have
been implemented, described next.
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Logical NOT, "!"

The exclamation point, logical not, acts like in C: it turns everything that evaluatesto O
(zero, f al se)into 1 (true), everythingelseto O (f al se).

Bit inversion, "~"

This operator turnsall 0to 1 and al 1 to 0 in the binary representation.

BitCount Function "#"

IrpMaster introduced the BitCount function as a unitary operator, denoted by "#". Thisis
useful in many situations, for example, odd parity of F can be expressed as #F%2, even
parity as 1- #F%2. It isimplemented through the Java L ong.bitCount-function.

Binary operators

There are also some added binary operators, which will be described next.

The specification contains the bitwise operators "&", "|", and """, having the syntax and
semantics of C. In addition, the current implementation adds the following two logical
operators.

Logical AND, "&&"

Thelogical operator & & (with short-circuiting asin C and Perl) works as follows: To
evauate the expression A && B, first Ais checked for being 0 or not. If O, then A (which
happens to be 0) (f al se) isreturned, without evaluating B. If however, A is nonzero, B
is evaluated, and the resulting value is returned.

Logical OR, "||"

Thelogical operator || (with short-circuiting asin C and Perl) works as follows: To
evaluate expression A | | B, first Aischecked for being O or not. If non-zero, then A is
returned, without evaluating B. If however, Ais0, B is evaluated, and the resulting value
is returned.

Left shift "<<"

The |eft shift operators "<<" isimplemented, with syntax and semantics asin the C and
Java programming languages. (See this discussion.)

Right shift ">>"

The (arithmetic) right shift operator ">>" with syntax and semantics as ">>" (not ">>>",
denoting logical shift) in the Java programming language. (Differently put, it preserves
the leading bhit, not shifting in 0.)
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Numerical comparison operators, "<", "<=",">" ">=" "==" "|="

The comparison operators have been added. They have the same syntax and semantics as
in C, taking two numerical operatorsto O (false) or 1 (true).

Ternary operator

Conditional operator ?:

Similarly, the ternary operator A ? B : C, returning B if A istrue (non-zero),
otherwise C, has been implemented. As opposed to other operators (with the exception of
exponentiation "**"), it is right associative.

2.5.6.13 Preprocessing and inheritance

Reading through the protocols, the reader is struck by the observation that there are afew
general abstract "families', and many concrete protocol are "specia cases'. For example
all the variants of the NEC* protocols, the Kaseikyo-protocols, or the rc6-families.
Would it not be elegant, theoretically as well as practically, to be able to express this, for
example as akind of inheritance, or sub-classing?

For aproblem like this, it is easily suggested to invoke a general purpose macro
preprocessor, like the C preprocessor or m4. | have successfully resisted that temptation,
and am instead offering the following solution: If the IRP notation does not start with

"{" (asthey all haveto do to confirm with the specification), the string up until the first
"{" istaken as an "ancestor protocol”, that has hopefully been defined at some other place
in the configuration file. Its nameis replaced by its IRP string, with a possible parameter
spec removed — parameter specs are not sensible to inherit. The process is then repeated
up until, currently, 5 times.

The preprocessing takes placein theclass | r pDat abase, initsrole as data base
manager for IRP protocols.

Example

This shows excepts from an example configuration file. Let us define the "abstract”
protocol met anec by

[ protocol ]

name=net anec

i rp={38. 4k, 564}<1,-1| 1,-3>(16,-8, A 32,1,-78,(16,-4,1,-173)*)
[ A 0.. Ul NT32_MAX]

having an unspecified 32 bit payload, to be subdivided by its "inherited protocols’. Now
we can define, for example, the NEC1 protocol as

[ protocol ]
name=NEC1
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irp=netanec{A = D | 2**8*S | 2**16*F | 2**24*(~F:8)}
[D:0.. 255, S:0..255=255-D, F: 0. . 255]

As can be seen, this definition does nothing el se than to stuff the unstructured payload
with D, S, and F, and to supply a corresponding parameter spec. The IrpMaster class
replaces "nmet anec" by { 38. 4k, 564} <1, -1| 1,-3>(16,-8, A: 32,1, - 78,
(16,-4,1,-173) *) " (note that the parameter spec was stripped), resulting in an IRP
string corresponding to the familiar NEC1 protocol. Also, the "Apple protocol” can now
be formulated as

[ protocol ]
nane=Appl e
i rp=netanec{A=D | 2**8*S | 2**16*C. 1 | 2**17*F | 2**24*Pairl D}

{ C=1- (#F+#Pai r | D) %2, S=135} \
[D:0..255=238, F: 0..127, Pai rl D: 0. . 255]

The designisnot cast iniron, and | am open to suggestions for improvements. For
example, it seems reasonable that protocols that only differ in carrier frequency should be
possible to express in a concise manner.

2.5.7 Installation

2.5.7.1 Installation of binaries

The most convenient way to install the program isto install IrScrutinizer, version

2.0.0 or later. For the Windows and the generic binary distribution, thiswill install
awrapper for IrpTransmogrifier too. The Applmage will start IrpTransmogrifier

instead of IrScrutinizer, if called with the last component of the name equals to

i rptransnogri fier (for example, through alink ending with that name). (However,
the MacOS installation presently does not support command line IrpTransmogrifier.)

Also RemoteMaster comes with IrpTransmogrifier and a wrapper
(irptransnogrifier.shorirptransnogrifier. bat)tostartitascommand
line program.

IrpTransmogrifier can of course be installed separately. The latest released version

can be found here. The program is basically just an executable jar-file. Thereis no
"installer”. Instead, unpack the binary distribution in a preferably empty directory. Start
the program by invoking the wrapper (i r pt ransnobri fi er. bat on Windows,

i rptransnogri fier.sh onUnix-like systemslike Linux and MacOS.) from the
command line. Modify and/or relocate the wrapper(s) if desired or necessary. Do not
double click the wrappers, since this program runs only from the command line. (Do

not use thewrapper i r pt ransnogri fi er inthetop directory of the source tree: it is
intended only for development in the source tree; and is not intended for deployment.)

The program runs can be installed in aread-only location.
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The Macintosh app for IrScrutinizer presently does not come with support for running
IrpTransmogrifier as command line program.

The program presently requires Java 8 JRE or later to run. Some distributions of
IrScrutinizer come with their own Javainstallations, that can run IrpTransmogrifier.

2.5.7.2 Building from sources
On Github, the |atest official source- and binary distribution is found. Also, the built
development version can be found.

The project uses Maven as its build system. Any modern IDE should be able to open/
import and build it as Maven project. Of course, Maven can aso be run from the
command line, like

Third-party Java dependencies (jars)

The program depends on ANTLR4, Stringtemplate, as well as the command line decoder
JCommander. When using Maven for building, these are automatically downloaded and
installed to alocal repository.

2.5.8 Usage of the program from the command line

Next it will be described how to invoke the program from the command line. The reader
is assumed to possess an elementary command of the command line usage.

The usage message fromi r pt ransnogri fi er hel p --short givesanextremely
brief summary:
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Using from the command line, thisis a program with sub commands. Before the sub
command, common options can be given. After the command, command-specific
options can be specified. Commands and option names can be abbreviated, as long as the
abbreviation is unique. They are matched case sensitively, and can be abbreviated as long
as the abbreviation is unambiguous.

All options have along form, starting with two dashes, like - - sor t . (In rare cases,

there might be more than one long name.) They can be abbreviated aslong as the
abbreviation remains unique. Most options also have a short, one letter form, starting with
asingle dash (like - s). For brevity, this document will not mention the short form. This
information, if required, can instead be easily found using the hel p command.

Notethat hel p and ver si on are commands, not options, asin most other command
line programs. (For compatibility reasons, also the options form works.)

The commands are briefly described next. Since the program contains its own
documentation facility, the description is not aimed at being complete, but moreto to
comment upon the general idea behind.

2.5.8.1 analyze

Theanal yze command takes as input one or severa sequences or signals, and
computes an IRP form that corresponds to the given input (within the specified
tolerances). The input can be given either as Pronto Hex or in raw form, optionally

with signs (ignored). Severa raw format input sequences can be given by enclosing the
individual sequencesin brackets ("[]"). However, if using the- - i ntr o- r epeat -
endi ng option, the sequences are instead interpreted as intro-, repeat-, and (optionally)
ending sequences of an IR signal.

For raw sequences, an explicit modulation frequency can be given with the - -
f r equency option. Otherwise the default frequency, 38000Hz, will be assumed.

Using the option - - i nput , instead the content of afile can be taken asinput, containing
sequences to be analyzed, one per line, blank lines ignored. Using the option - -
namedi nput , the sequences may have names, immediately preceeding the signal.

Input sequences can be pre-processed using the options - - chop, - - ¢l ean, and - -
repeat fi nder.

The input sequence(s) are matched using different "decoders'. Normally the
"best" decoder match is output. Withthe- - al | option, al decoder matches are
output. Using the - - decode option, the used decoders can be further limited.
The presently available decodersare: Tri vi al Decoder, PwrRDecoder,
PwndDecoder, PwhAl t Decoder, XnmpDecoder, Bi phaseDecoder,
Bi phasel nvert Decoder, Bi phaseWthStart bit Decoder,

Bi phaseWt hStartbitl nvert Decoder,

Bi phaseW t hDoubl eToggl eDecoder, Seri al Decoder.
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Theoptions- - stati stics and--dunp-repeatfinder (thelatter forcesthe
repeatfinder to be invoked) can be used to print extrainformation. The common options
--absol utetol erance, --relativetol erance, --m nrepeatgap
determine how the repeat finder breaks the input data. The options - - ext ent, - -
invert, --1sb, --maxm croseconds, --maxparanmeterw dth, --
maxroundi ngerror, --maxunits, --paraneterw dths, --radix,and
- -t 1 mebase determine how the computed IRP is displayed.

Using the- - gi r r option, aGirr file can be produced. This embeds the generated IRP
protocol in thefile.

2.5.8.2 bitfield

Thebi t fi el d command computes the value and the binary form corresponding to the
bitfield given as input. Using the - - naneengi ne argument, the bitfield can also refer
to names.

Asan aternatively, the expr essi on command sometimes may be used. However, a
bitfield has alength, which an expression, evaluating to an integer value, does not.

2.5.8.3 code

Used for generating code for different targets.

2.5.8.4 decode

The decode command takes as input one or several sequences or signals, and output
one or many protocol/parameter combinations that corresponds to the given input (within
the specified tolerances). The input can be given either as Pronto Hex or in raw form,
optionally with signs (ignored). Several raw format input sequences can be given by
enclosing the individual sequencesin brackets ("[]").

For raw sequences, an explicit modulation frequency can be given with the - -
f r equency option. Otherwise the default frequency, 38000Hz, will be assumed.

Using the option - - i nput , instead the content of afile can be taken as input, containing
sequences to be analyzed, one per line, blank lines ignored. Using the option - -
namedi nput , the sequences may have names, immediately preceeding the signal.

In the Harctoolbox world, IR sequences start with aflash (mark) and ends with a non-zero
gap (space). In some other "worlds’, the last gap is omitted. These signal are in general
rejected. Theoption--trail i nggap durati on addsadummy duration to the end
of each IR sequence lacking afinal gap.

Input sequences can be pre-processed using the options - - cl ean, and - -
repeat fi nder.

The common options - - absol ut et ol erance,--rel ati vet ol erance, - -
m nr epeat gap determine how the repeat finder breaks the input data.
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Debugging

To debug why a certain signal/sequence does not decode the way expected, the logging
facility and the - - pr ot ocol argument (to reduce the logging output) can be useful to
pinpoint the decoding process.

2.5.8.5 demodulate

This command demodulates its argument IrSequence, emulating the use of a
demodulating IR receiver. This meansthat all gaps less than or equal to the threshold are
squeezed into the preceeding flash. Typically the threshold is taken around the period of
the expected modul ation frequency.

2.5.8.6 help

This command list the syntax for the command(s) given as argument, default all. Also see
the option - - descr i be of the individual commands.

2.5.8.7 lirc

This command reads a Lirc configuration, from afile, directory, or an URL, and
computes a corresponding IRP form. No attempt is made to clean up, for example by
rounding times or finding a largest common divider.

2.5.8.8 list

This command list miscellaneous properties of the protocol(s) given as arguments. There
are alarge number of options for enabling or suppressing certain kind of output; use the
commandi rptransnogrifier |ist --helpforalist.

2.5.8.9 render

This command is used to compute an IR signal from one or more protocols, "render”

it. The protocol can be given either by name(s) (or regular expression if using the - -

r egexp option), or, using the- - i r p options, given explicitly asan IRP form. The
parameters can be either given directly with the - - nanmeengi ne option, or the - -

r andomoption can be used to generate random, but valid parameters. (Thisis essentially
adeveloper's and tester's option.) With the - - count or - - nunber - r epeat s option,
instead an IR sequence is computed, containing the desired number of repeats.

The syntax of the name engineis asin the IRP specification, for example: - -
nanmeengi ne {D=12, F=34} . For convenience, the braces may be left out. Spaces
around the equal sign "=" and around the comma"," are allowed, as long as the name
engineis still only one argument in the sense of the shell — it may need to be enclosed

within single or double quotes.
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2.5.8.10 version

Reports version number and license.

2.5.9 Debugging/logging possibilities

The project contains quite powerful logging facilities, based on Java's

java. util .l oggi ng framework. "Logging" is somewhat of a mis-normer for a
program that runs only seconds, instead it is aform of debugging. Logging takes place
according to the different levels: from highest to lowest OFF, SEVERE, WARNI NG,
| NFO, CONFI G FINE, FINER, FINEST, ALL.DefaultlevelisWARNI NG

The reader is assumed to know the basic principles for logging. Ideally, setting a lower
and lower level should reveal more and more details on the inner workings of the
program. Unfortunately, thisis (at least presently) not always the case. Still, it may be
useful for finding out why a particular signal did not decode as expected.

There are command line options, not only for setting the general log level, but also for
changing the logging format, the logging file, for generating the log in XML format, and
for setting the log level individually for different classes. Seehel p - -1 oggi ng for the
full list of these options.

2.5.10 The API

A Java programmer can access the functionality through a number of API functions.

The API is documented in standard Javadoc style, which can be installed from the source
package, just like any other Java package. For the convenience of the user, the Javadoc
API documentation is also available here current, released version only).

The released versions of project is available in the Maven central repository, and can
easily be integrated into other Maven projects. For this, include the lines

<dependency>
<gr oupl d>or g. har ct ool box</ gr oupl d>
<artifactld>lrpTransnogrifier</artifactld>
<version>1.2.10</version> <!-- or another supported version -->
</ dependency>

inthepom xm of theimporting project.

2.5.11 Appendix: ANTLR4 Grammar

This appendix shows the grammar file for IRP. It is used to generate the Java code for
the IRP parser. It isalso (in contrast to the ANTLR3 grammar used in IrpMaster) quite
readable for humans.

/*
Copyright (C) 2017 Bengt Martensson.
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2.6 The Girr format for universal IR Commands and remotes.

‘ Date ‘ Description

2014-01-28 Initial version.

2016-04-28 Updated to current version.

2019-07-21 Updated to current version; IrpMaster replaced by
IrpTransmogrifier. Say "Pronto Hex" instead of
"CCF".

2020-05-29 Some minor updates. Added Maven integration
(which previously was found in README.md).
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2021-06-03 Several minor fixes and clarifications, in particular
embedded protocols.
2022-04-23 Some minor improvements.

Table 1: Revision history

2.6.1 Background and Introduction

There are several Internet sitesin whole or in part dedicated to infrared control of
customer electronics. Very soon the question on exchange of IR signals, individual

or as aset of commands from one remote or one device, comes up. For individual IR
signals, the Pronto Hex, sometimes called CCF, is the one most used. This describes one
signal, without a name or any other attributes. To use, the user will most likely have to
copy-paste the information from a downloaded file, or aforum contribution, into his/her
application program. For several signals, this unsystematic procedure is both tedious and
error prone.

Some manufacturers publish the IR commands for their products, often as tables as
Excel list or as PDF documents. There are also some quite impressive user contributed
collections around in Excel format, e.g. for Sony and Y amaha equipment. Often, these
lists contain not only the Pronto Hex form, but even a protocol/parameter form. These
lists definitely mark a step in the right direction. With sufficient skills with the involved
toolsit is often possible to transfer awhole set of commands, possibly even preserving
names, with afew clicks. However, thisis still amanual process, that is not suited for
automation.

On the other hand, there are afew file formats around, describing a complete setup of a
programmable remote control, like the Philips Pronto CCF file format or the X CF format
of the Pronto Professional. These describe a complete setup, including layout of buttons
and pages, font selection and other items not of interest for the exchange of IR signals.
The "device updates' (rmdu-files) of RemoteMaster also falls into this category: They do
contain the IR Signals, either as araw representation or in a protocol/parameter format,
but also a number of key bindings, more-or-less specific to a particular JP1 remote.

The Lirc project however has a data base file format, containing named commands,
grouped into named "remotes’. However, the Lirc format was never intended as an
exchange format, and, as a general rule, only Lirc program can read Lirc files. Also, Lirc
has not a viable concept of intro- and repeat sequences. Lirc aso does not handle meta
data (manufacturer, device type, model, etc.

This leads to our mission:

2.6.1.1 Mission
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To define auniversal format for the exchange of IR signals, encompassing both for
protocol/parameter form, and different textual formats, like Pronto Hex. The format
should describe the IR signals with their names, (not their semantics). The commands
should be bundled within "remotes’. It should be readable and writable by both humans
and programs. The format should be free/open for everyone to implement, in open or
proprietary contexts. It should use open technology, so that tools can be implemented
using currently spread free software.

Everyoneisinvited to implement this format in other programs, or tools for the format.

2.6.2 Program support
IrScrutinizer uses Girr asits preferred format for import and export of IR signals. It can
interactively import and export from many different file formats and data bases.

RMIR (sometimes called RemoteMaster) is a powerful program for programming so-
called JP1-remotes. Since version 2.11, it can export and import Girr files directly.

Jirc can generate Girr filesfrom Lirc configuration files. (It isaso included in
IrScrutinizer.)

IrpTransmogrifier can generate the output from the decode and theanal yze
commands in Girr format. (In order to avoid circular dependencies, it does not use the
support library described here.)

GirrLib isasmall collection of Girr files.

2.6.3 Copyright

The rights to the described format, as well as the describing file are in the public domain.
That also goes for the present document. Note that thisisin contrast to other documents
on www.harctoolbox.org for which no copying or re-distribution rights are granted, or
the therein contained software, which is licensed under the Gnu General Public License,
version 3.

2.6.4 The name of the game

Pronounce "Girr" like "girl", as one word (not G.I.R.R.). It should be used as a proper
noun, capitalized (not uppercase). Preferred file extensionisgi r r, but thisis not
necessary. Also, e.g. xnl ispossible.

2.6.5 Requirements on a universal IR command/remote format

It should be an XML file determined by an XML Schema. It should, however, be usable
without validating parsers etc.

The formal rules (enforced by Schema) should be as non-intrusive as possible, possibly
prohibiting "silliness", but otherwise requiring at most a minimum of formal syntactic
sugar.
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A remote isin principle nothing else than a number of commands. In particular, it should
not determine the semantics of the commands, nor does it describe how to control
adevice that can be commanded by the said remote. Names for commands can be
"arbitrary", in any language or character set, using any printable characters including
white space. However, it is recommended to us "simple”" names in English, without non-
ASCII characters or embedded whitespace. (A di spl ayName can be used for localized
names, with arbitrary characters etc.) A well defined semantic of command namesis

not guaranteed. However, in some cases uniqueness in the purely syntactical senseis
required, for example ensuring that all commands within a particular conmandSet have
unique names.

It can be assumed that all signals consists of an intro-, an repeat-sequence (any of which,
but not both, may be empty), and an optional ending sequence.

It should be possible to describe signals either as parametrized protocols, in raw form,
or in Pronto Hex form. If several forms are present, it should be clear which oneisthe
primitive form, from which the others are derived.

It should be suitable both for human authoring (with aminimum of redundancy), as well
as machine generation (where simple structure may be more important than minimum
redundancy).

It should be a container format, namely extensible with respect to textual representation
of IR Signals and -sequences.

2.6.6 Demarcation

* The present work aims at a description for remotes, not devices (e.g. in the sense of
this). Thus, command names are free form strings, with no semantics inferred.

e Only unidirectiona "commands" are considered, not data communication.

* Itisonly attempted to define IR signals and "sufficiently similar" signals. One such
signal/sequence consists of a sequence of durations, namely alternating on- and off-
times. Except for the "normal” IR signals, this includes RF signals of frequencies 433,
318, 868 MHz etc. used e.g. for controlling power switches.

2.6.7 Informal overview of the Girr format

There are four different possible root element typesin the format: r enot es, r enot e,
comuandSet s, and conmmands. All can be the root element of a conforming Girr
document, although some software may not handle all of them. (The previous versions
of our supporting library only supported r enot es asroot element, but this restriction
has been lifted.) Basically, the element r enpt es contains one or morer enot es, each
containing one or more comrandSet s, each containing a number of comrands.
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2.6.7.1 command

This element models a command, consisting essentialy of aname and an IR signal, in
one or several different representations. Names can consist of any printable characters
including white space, and carries a priori no semantics.

Consider the following example:

(Details on syntax and semantics are given in the next section.)

Inthe par anet er s element, parameters and protocol can be given. They can be
completely given, or they may be inherited from parent element of type commandSet .

The raw and the Pronto Hex form may be given next, as above. Finally, one or may
auxiliary formats of the signal can be given.

Fat Format

For the ease of further processing of the result, the sequences within the <r aw> element
can alternatively be given in the "fat" format, where each flash (on-period) and each gap
(off-period) are enclosed in their own element, like in the following example:
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<intro>
<fl ash>9024</f| ash>
<gap>4512<gap>
<f | ash>564</f| ash>
<gap>564</ gap>
<f | ash>564</f| ash>
<gap>564</ gap>

2.6.7.2 commandSet

conmmandSet sbundles "related” commands together. They may contain par anet er s
elements, in which case the protocol name and the parameeters therein are inherited to the
contained commands.

The use of cormandSet sis somewhat arbitrary. They can be used e.g. to structure a
remote containing afew different protocols, or one protocol and afew different device
numbers nicely, in particular if hand writing the Girr file. However, protocol and their
parameters can also be given as par anet er s within the comrand element.

Often, adevice can be controlled in one of severa "id-s", corresponding to different

IR signals. See the Oppo BDP-83 as example. The different id-s can be conveniently
modeled as different commandSet s. These are (almost) identical, typically differing
only in the device/subdevice parameter in the protocol. In other cases, devices implement
a"new" and an "old" set of commands; see for example a Philips TV (RC5 and RC6
protocols) or aDenon AVR receiver (old "Denon” protocol and new "Denon-K"
protocol).

2.6.7.3 remote

A r enot e isan abstract "clicker", containing a number of conmands. The name of the
contained commands must be unique within aconmmandSet , but the same nhame may be
present in more than one comrandSet .

2.6.7.4 remotes
r enot es, asthe name suggests, isacollection of r enot es, identified by a unique
name.

2.6.7.5 Embedded protocols

The parameter form references to a protocol using its name. Normally, thisis assumed
to be known to a processing program. However, it is al'so possible to embed additional
protocolsin aGirr file, and to refer to it by its defined name in the declaration.
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2.6.8 Detailed description of syntax and semantics of the Girr format

2.6.8.1 Version

This article describes the Girr format version 1.2, identified by the attribute
gi rrVer si on, expected in the root el ement of an instance. (Not to be confused with
the version of the support library.)

2.6.8.2 Namespace

The Girr namespaceisht t p: / / ww. har ct ool box. org/ G rr.
It is recommended to parse instances with a namespace- and XInclude-aware parser.

2.6.8.3 Imported namespaces

Except for the namespace namespace (ht t p: / / waww. w3. or g/ XM./ 1998/
namespace), the namespaces Xl ncl ude (ht t p: / / www. w3. or g/ 2001/
XInclude)andhtm (http://ww. wW3. org/ 1999/ xht m ) are

imported. For embedding of additional protocols, thei r p namespace (ht t p: //
www. har ct ool box. org/ir p- prot ocol s) isused; imported only on demand.
Xlnclude- and html elements can be used at appropriate places, see the schema.

2.6.8.4 Schema

The grammar of Girr isformally described as an XML schemaresiding in the file
girr_ns.xsd. It contains internal documentation of the semantics of the different elements.
The official schemalocation is http://www.harctoolbox.org/schemas/girr_ns.xsd.

Here is generated schema documentation (thanks to Gerald Manger).

2.6.9 Stylesheets

A Girr file can be viewed in the browser, provided that it is associated with a style sheet.
Thisis either a cascading style sheet (css), which essentially tells the browser how
different elements are to be rendered, or an XSLT style sheet, which internally translates
the XML document to aHTML document, normally with embedded style information. A
description of these techniquesis outside of the scope of the current document (see this
document as an introduction); an example is given as simplehtml.xsl.

Touse, add alinelike

<?xm - styl esheet type="text/xsl" href="sinplehtm .xsl"?>

to the Girr file. (Some programs, like IrScrutinizer, can do this automatically.) Note that
some browsers, like Firefox, for security reasons limits the usage of style sheets.

XSLT style-sheets can however be used for other purposes than the name suggests.
The export mechanism of IrScrutinizer consists essentially of the application of XSLT
stylesheets on the Girr fat format.
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2.6.10 Supporting Java library

For importing and exporting Girr filesto Java programs, a Javalibrary is provided. It is
documented by its Javadoc documentation. As opposed to the specification as such, it is
licensed under the Gnu General Public License, version 3.

At the time of writing, the library carries the version number 2.2.10.

Previous versions only supported import and export of documents having r enot es as
root element.

The library requires the IrpTransmogrifier classes.

2.6.11 GirrLib

| maintain asmall library, GirrLib, available at GitHub. It consists of "my" collection of
Girr files. Although not actively maintained, contributions are welcome. The files therein
arein the public domain.

2.6.12 Integration in Maven projects
This project can be integrated into other projects using Maven. For this, include the lines

<dependency>
<gr oupl d>or g. har ct ool box</ gr oupl d>
<artifactld>Grr</artifactld>
<version>1.2.3</version> <!-- or another supported version -->
</ dependency>

inthepom xm of theimporting project. Thiswill also include the [IrpTransmogrifier]
(http://harctoolbox.org/IrpTransmogrifier.ntml) jar.

2.6.13 Sources

The sources, both the Java library, the schema, and the current document, are maintained
at this Github repository. APl documenation (current development version) is available
here.

2.6.14 Appendix. Parametrized IrSignals

The purpose of this section is to make the article more self-contained. Information herein
are described in greater detail elsewhere.

The Internet community has classified a large number of IR Protocols, see e.g. this
listing. These protocols consist of a name of the protocol, a number of parameters and
their allowed domains, and a recipe on how to turn the parameters into one, two, or three
IR sequences, making up an IR signal. Thisrecipeis often expressed in the IRP Notation,
which is acompact formal representation of the computations involved. For particular
values of the parameters, a rendering engine computes the resulting IR signal, often in
Pronto Hex format, or in raw format.

Page 105


http://forrest.apache.org/
http://forrest.apache.org/
https://bengtmartensson.github.io/Girr/
http://www.gnu.org/licenses/gpl.txt
https://github.com/bengtmartensson/GirrLib
https://github.com/bengtmartensson/Girr
https://bengtmartensson.github.io/Girr/
http://www.hifi-remote.com/wiki/index.php?title=DecodeIR
http://www.hifi-remote.com/wiki/index.php?title=DecodeIR

HARCToolbox

2.7 General InfraRed Server Command Language

2014-01-06 Initial version.

2014-09-16 Added the communication section.

Table 1: Revision history

2.7.1 Requirements

Demarcation: This deals only with sending, receiving (including decoding), storing
etc of IR signals. Not: serial and other text base communication, nor the acting on
received signals.

However, RF signals for remote control are included, since they only differsfrom IR
signals by using another carrier signal.

Modularized, named modules containing commands (like Java interfaces). Written in
capitalized Camel Case.

Inheritance within modules, multiple inheritance

Extensible: Developers can define new modules

Only the Basic module mandatory, containing the commandsver si on and

nmodul es.

Very low-weight, should be implementable on e.g. Arduino.

As"dumb" as possible.

Basic version: text socket/serial interface. Versions using json, xml/soap, http/rest
possible.

Authentication as optional module, several submodules for different sort of
authentication.

Command structure: command [ subconmand] [options] [ar gunent s]
Response structure: TBD.

Names for IR commands, hardware: arbitrary strings using the English language, case
sensitive matched using charsets.

Our command names: C-syntax; lowercase only, underscore discouraged. “get”

and “set” left out unless necessary for uniqueness or understandability (like

get conmand).

2.7.2 Specification

Typography: module names are in bold, command names nonopi t ch.

2.7.2.1 Introduction

Thislist isnot an unrealistic Christmas wish list, but alist of modules, only the first one
mandatory. Through the module concept, a conforming GIRS server can be anything
from an Arduino with just an IR sender LED and a sketch afew pageslong, and a
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fat server with several input- and output-devices, (each) having several transmitters,
combined with afull blown data base, with user administration and authentication.

Note that there is a number of propertiesfor e.g. LIRC that has been rejected here,
in particular the ability to execute commands. (These should be handled by another
program.)

A capable server should probably also implement some sort of discovery beacon, for
example AMX style.

2.7.3 Modules

2.7.3.1 Base

Thisisthe only mandatory module.

ver si on

» returns manufacturer, manufacturer's version number, or another useful version
string.

modul es

* returnslist of implemented modules, separated by whitespace.

2.7.3.2 NamedRemotes

Support of remotes identified by name, like LIRC.

renot es

» argument named/uei: What type of remotes to report.

* returns: list of remotes, either names or manufacturer/device-type/setupid
commands

e argument: remote in a supported format (mandatory)

* returns. tab(?) separated list of command names, in currently selected char set.
dat abase (module database)

argument: data base name. Required.

2.7.3.3 UeiRemotes

Support of remotes identified by manufacturer, device type (both arbitrary strings), and a
setup number (most commercial data bases)

manuf act urers

* returns: tab separated list of manufacturers.
devi cet ypes

* argument: manufacturer

* returns: tab separated list of device types
set upi ds

» arguments: manufacturer, device

* return list of setup ids.
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dat abase (nodul e dat abase)

» argument: data base name. Required.

dat abase- passwor d (module database)
e argument:password.

2.7.3.4 OutputDevices

Allows for accessing severa devices; several instances of the same type: Names like
“Greg's GlobalCaché”. (Configuration of these over this API is not intended.) Each has
their own set of transmitters.

out put devi ces

* returnslist of known devices

out put devi ce Set default output-device

e argument: device name

out put devi cecapacities

e argument device name (optional, defaulted)

» result: list of capacites. Possible values (extensible): fmax, fmin,
zero_frequency_tolerant. Inherit to transmitters.

2.7.3.5 InputDevices

Allows for accessing several devices; several instances of the same type: Names like
“Greg's Global Caché’. Configuration of these over this API is not planned. An input
device does not possess transmitters.

i nput devi ces

» returns: list of known devices

i nput devi ce Set default input device
e argument: device name

2.7.3.6 Transmitters

Same commands as OutputDevices. (?7?7?7?)

transmtters (nmodule transmtters)
* argument: output-device
out put - devi ce
» returns: list of transmitters, max-number-transmitters-enabled
settransm tters Selectsdefault transmitter for the output device selected.
(TBD: Alternative: ditch the default transmitter and this command, thus transmitter
argument mandatory.)
transmttercapacities
e arguments:
» output-device (optional, use default if not given)
 transmtter transmitter (only onel)
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» result: list of capacites.Possible values (extensible): ir (connected to IR LED). Rf
(connected to RF modulator) hard-carrier=frequency (in particular for RF, 433M,
868M (Hz or suffix M ,k)). Inherits from outputdevicecapacities.

2.7.3.7 Transmit

Access may be restricted through user rights. There is always a default output device; if
the OutputDevices module isimplemented, there may be more.

transm t (semantic for repeats may be implementation dependent)
» subcommands (at least module (??) has to be implemented):
o ccf (module ccf). Parameter: CCF string
* raw(module raw). Parameter: frequency, duty cycle, intro, reps, ending.
e | rp (moduleirp). Parameters: protocol name OR irp-protocol, parameters.
* Nane (module named-command). Parameters. remote (one of the suppoted
formats), command name
e options:
» transmitters (module transmitter) (optional (or not?))
output-device (optional, otherwise use default)
transmit-id (module transmit-id) (optional)
# sends (default 1)
e wait (wait for command completion)
* returns. (after completion) confirmation command, with transmitter and transmit-
id
st op (module St op)
* Argument: output-device, transmitter, transmit-id (optional)

2.7.3.8 Capture

for capturing (“learning”) of new remotes. Dumb command, intelligence should sit in the
calling program.

anal yze
* Arguments:. (all having sensible defaults.)
* input-device
» start-timeout
e capture-timeout
* ending-timeout
* Returns: frequency, raw ir-sequence, optionally duty cycle.

2.7.3.9 Receive

for receiving commands, possibly for deployment solutions. Dumb command,
intelligence should sit in the caller. Identifying start separately (like for volume control)
not supported.

receive
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* Arguments:

* return format(TBD)

* input-device

* timeout

» filter, syntax, (syntax, semantics TBD)
* subcommand named (module named-command)

* Return value: received command name (+ remote)
» subcommand decode (modul e decoder)

* Return value: protocol name, parameters
r el ay (modulerelay), to send eventsto other servers
* Arguments:

* returnformat (TBD)

* protocol (http/tcp/udp/shell?)

* portnumber

* ipaddress

» filter (TBD)

2.7.3.10 Store

allows for uploading new commands to the server. May be restricted through
authentication and user rights.

store
e arguments. data base (optional), name, remote (in a supported format), signal in a
form dependent on the subcommands.
* subcommands
e ccf (module ccf)
e raw (module raw)
e irp (moduleirp(?))
comm t Storestherecently downloaded commands persistently.
* Argument: data base name (optional)

2.7.3.11 Command

allows for downloading commands from the server. Inverse of store. May be restricted
through authentication and user rights.

get Conmand
* Argument:

» database (optional)

» output format: ccf, raw, irp,... (also other can be supported)
* Return: command in desired format.
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2.7.3.12 Authentication

Several different models for access control are possible, and can be implemented through
different modules. Thefirst just requires a password to all the services. The second
allows user based restrictions: Some commands/subcommands/arguments might be
restricted to some users. Of course, sending passwords unencrypted over the net is not to
be considered very secure, so preferably ssh or similar, or a challenge-response system
should be used.

| ogin (nodul e password), for password protected services
e argument: password

| ogi n (module User Password), for user/password protected services, possibly
with different rightsfor different users.

e argument: user, password

sshl ogi n TBD (module ssh)

| ogout

2.7.3.13 Charset

Determines charset used for input and output.

char set
e argument: charset name.

2.7.4 Communication

Communication istypically taking place over abidirectional ASCII stream, like serial,
"terminal”, connection or athrough a TCP socket. The commands sent to the GIRS server
should be of theform command [ subcommand] [options] [argunents],
where conmand can be abreviated as much as unabiguity allows (typically to theinitial
character). The form of the responses should be a "natural™ ASCII response in the form of
one line (typically); the tokens separated by whitespace.

Interacting with a GIRS server through static or dynamic linking can also be possible,
either by decoding a command line, or with a number of API functions.

2.8 Architecture Concept

2014-09-20 Initial version.
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Table 1: Revision history
2.8.1 Preliminaries

2.8.1.1 Sending/Receiving

Traditionally, IR hardware and software combines sending and receiving capacitiesin
one unit — unless of course only one of these functinallities are supported. Instead, we
argue that sending and receiving of IR signals are fundamentally different activities
which preferrably are threaded separately. Of course, this does not prohibit a particular
implementation to implement both of these aspects, just like a program may contain both
awordprocessor and amusic player.

2.8.1.2 Learning

Capturing (often called "learning") should be taken out of the requirements. Capturing
and analyzing unknown signalsis a completely different use case from (deployment)
sending and receiving of IT signals. There are other software, like the IrScrutinizer that
are optimized for this use case. Capturing of the signals of a present remote is done
during installation time, the result saved to a data base used by the sender and/or receiver.
(Alternatively, in very many cases, the IR signals for a particular device/remote can be
found in public or propritary data bases found on the Internet.).

2.8.2 Main Concept

A three-component model consisting of a sender, areceiver, and a dispatcher, as shown
in the figure below, is proposed. These should be designed as exchangable components.
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2.8.2.1 The Sender

Top level Interface

The sender encapsulates sending of IR signals. It should be considered as a server,
communicating with its clients using the Girs command language. Basically, it is sent
commands to send particular IR signals through the IR hardware it commands. This
is specified in the Transmit module of Girs. With moderate effort, it would is also be
possible to implement the somewhat more limited protocol of the Lirc daemon Lircd.

The specification of the to-be sent IR signals can take place in three different ways:

* Raw IR sequence/signal; basically equivalent isthe CCF, also called Pronto Hex,
format. Thisissimply alist of durations in microseconds of interleaved pulse and gap
durations.

* Protocol/Parameter format.

* Remote/Command format, thisis simply the name of aremote or device, together
with the name of its commands.

It is possible that a particular implementation is not implementing all three forms, but just
one or two. However, leaving out the raw format is probably not productive.

Internal behavior

It is assumed that suitable hardware is connected to the computer running the sender.
Note that it is possible and sensible that a driver implemented on separate hardware (e.g.
an Arduino) also communicates using Girs.

A "low level send driver" accepts commands of sending a certain, raw, IR Sequences,
using a particular transmitter. A "high level driver" adds the capability to send an IR
signal consisting of an intro sequence, arepeat sequence, and (in some cases) an ending
sequence a certain number of times, as well as the possibility to interrup an ongoing
transmission of arepeating signal.

Timing issues are the sole responsibility of the driver layer. |.e., the upper layers deliver
sending requests to the driver, and the driver executes the requests. After arequest has
been made, a stop request may however be issued (if the software implementsiit).

In the case of araw transmission requested, the control logic directs the IR sequence or
the IR signal to the send driver.

If protocol/parameter form is implemented, the sender contains a protocol renderer
and possibly a data base of protocols, computing the raw signal corresponding to the
requested protocol/parameter combination.

If the remote/command format is implemented, the sender has to contain a data base,
like the LIRC configuration file(s). If the data base contains the already rendered signals,
these can be send directly to the driver. If aprotocol renderer isimplemented, it isalso
possible for the remote/command data base to contain protocol/parmeter data, which are
sent to the protocol renderer, which in itsturn forwards it to the driver.
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2.8.2.2 The Listener

Top level interface

The listener encapsulates the receiving and decoding of IR signals, and its trandation into
an event or command response.

Often, areceived and correctly identified IR signals is expected to generate an event of
some kind, for example aLinux input event. Alternatively/additionally, the listener can
implement a Girs server, and respond to Receive commands.

Internal Behavior

It is assumed that suitable hardware is connected to the computer running the listener.
Note that it is possible and sensible that a driver implemented on separate hardware (e.g.
an Arduino) also communicates using Girs.

The driver deliversits received signals as sequencies of pulses and gaps. Thisdatais
delivered to a decoder, which decodes the sequences either as a protocol/parameters set,
or aremote/command set, analogusly with the sender, which was described above.

2.8.2.3 The Dispatcher

An IR system like Lirc not only sends IR signals and reacts on received IR signals, it
also invokes other actions, like starting programs etc., in the response to received IR
signals. Lirc even can act on other input events, asif they where received IR signals
(see the section below. Instead, we here advocate the separation of generating/receiving
IR signals and acting on them. The component for handling the events we will call the
dispatcher. Since the demarcation to general home/computer automation and remote
control is unclear, we will not go into any details.

Top level interface

The dispatcher can receive events and messages, not only from the IR sender and listener
here, but in the general case, aso from other sources, like other sensors or input events.
From thisinput, it can generate other events, invoke other programs, send messages over
the network, etc.

2.8.3 Implementation notes
2.8.3.1 Sender

Drivers

There exists a number of "drivers' (or "plugins') for IR hardware for different programs.
Unfortunately, these are not always possible to use in another context. For example, the
Lirc dynamically loaded drivers are not meant to be used outside of Lirc, for example,
they do not implement a simple send of an IR sequence (instead there needs to be a
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r enot e, and aconmand). To use these drivers (for the reason given, "plugin” isreally
the better term), it will be necessary to create a"mini-Lirc" to support them. These are
by definition for Linux, or at least a Unix-like operating system. Also WinLirc and
Eventghost should be examined for its possiblity to "donate drivers".

Our package HarcHardware contains several Java drivers for IR hardware, that can be
used more or less directly.

Protocol Renderer

Itisfairly straight-forward to write a ssmple renderer for a particular protocol, like NEC1
or RC5. A very advanced general and extensible renderer is IrpMaster, which isa GPL3
licensed Java program.

Remote/Command data base

A format is needed for importing (and possibly exporting) of IR signals. Another format
is needed for internally persistently storing the signals, for example to adisk file. These
formats may or may not coincide. As external import format, the Girr format is suggested,
or possibly arestriction thereof — for example aimplementation without a protocol
renderer should require that all signals are present in either raw or Pronto Hex (CCF)
format.

For migration of Lirc configuration files, IrScrutinizer can be used.

2.8.3.2 Listener

Communication logic

It would be possible to implement a Lirc compatibility mode by writing on the Lirc
socket, typically / var /run/lirc/lircd. That way, Lirc"client programs"' like
i rexec, can be (re-)used.

Drivers

Many (most?) driversfor IR receiving hardware are not usable to receive genera IR
signals (not even with "normal” and known modulating frequency). Instead, they try to
decode the signal itself, the react only on their "own" protocol, and in the case of a match
(and only then!), they deliver a decode, typically as aninteger. In Lirc, these drivers are
called LIRCCODE drivers.

Typicaly, the hardware is not intended to be a"generic" component, but may be e.g. a
TV card with an IR receiver, just intended to react to a bundled hardware remote.

Thistype of driver does not fit into the model here. Instead, it may be possible to turn
such adriver into a"listener” in its own right, sending events ("received command 42
from the TV card") to a dispatcher.

Otherwise, the comments in the sender sections apply here too.
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Decoding

Decoding can take place either protocol-oriented or command-oriented (trying to
determine which one of the know commands that fits). It is believed that the first oneis
the more systematic, and normally the better approach, so we will only consider it here.

Itisfairly straight-forward to write a decoder for a particular standard protocal, like
NEC1 and RC5. A very versatile decoder is Decodelr, knowing over 100 different
protocols. It iswidely used and tested. Unfortunately, partially due to its chaotic code
base, it is effectively not maintainable nor extendable, and its API also has some
problems.

2.8.3.3 Dispatcher

There are anumber of possiblities to implement a dispatcher. The Lirc programi r exec
isasimple such. | have also written a (presently not published) simple dispatcher in Java,
presently reacting on IR signals received from an Arduino, generating net events etc. as
configured from an XML file. The OpenRemote project contains a rule engine based on
Drools giving very interesting possibilities for elaborate "dispatching”. For Windows
users, invoking Eventghost as dispatcher is also an interesting option. This program
allows the programming of e.g. if-then-else rules with simple graphic programming.
(When will this clever — Python! — program be ported to non-Windows?)

2.8.4 Comparision with Lirc (Lircd)

The daemon Lircd takes therole of al of the components sender, listener, and (to some
extent) dispatcher.

Lirc listens for sending requests either on a Unix domain socket (typically / var /
run/lirc/lircd), oraTCP socket (default 8765). Sending request can be

generated by aLirc client like the command line program i r send. (Another

Lirc client, implemented in Java, isfound in our HarcHardware package, in the

or g. har ct ool box. harchardware.ir.LircCient.Thisisintegeratedin
IrScrutinizer.) A sending request contains a remote/command combination, together with
anumber of repetitions. It will use the data base ("configuration file") to render the IR
signal.

When a (reading) client opens the Lirc socket (the Unix domain socket or the TCP
socket), Lircd starts listening to IR signals. If asignal arrives, it istried to decode it to any
of the known commands in its data base (" configuration fil€"). If decoding is successful,
the name of the identfied remote/command is written to the communication socket. Lircd
may also send events to another daemon (i r exec) that can invoke other actions, like
starting certain programs or invoking other events, like X Window system events. It is
even possible to have Lircd injecting events into the Linux input layer.

Using thedevi nput driver anda/ dev/ i nput / event Ninput device, any Linux
input device can be cloaked as an IR receiver. Thismay be an IR receiver with kernel (-
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module) support (like the IguanalR or a MCE receiver), but may aso be acompletely
different kind of animal. In this use case, The Linux kernel takesthe role of our listener,
in some cases even explicitly decoding protocols such as NEC1 and RC5, while the Lircd
daemon is nothing else than a dispatcher.

2.9 Glossary and terms

2013-12-01 Initial version.

2013-12-20 More stuff added.

2014-02-02 Even more stuff added.

2014-09-18 Y et more stuff added.

2016-01-08 Substantial improvements and extensions.
2016-04-29 Some more entries.

2017-03-19 Some more entries.

2019-08-03 Minor updates, triggered by IrpTransmogrifier.
2019-12-25 Y et another batch of minor updates.

2022-05-13 Some updates in the context of IrScrutinizer 2.4.0.

Table 1: Revision history

2.9.1 Glossary

Here we explain and define some of the used terms. In most cases (but not all!), this
correspond to established usage in the Internet, e.g. in the JP1 forum. It should also be
pointed out that in some cases, in particular when comparing programs by othersto my
own, the assessment should be considered as subjective.

Substantial program/program packages are written capitalized, (not uppercase), in some
casein CamelCase, and in Roman typeface, like a proper noun. "Small" programs are
written as code. For example, we write "Lirc", not "LIRC", orl i rc; andi r send.

AMX Beacon

A daemon program (or protocol) implemented in some networked components. It is
used for periodically announce their existence, and some of their properties.
AnalysiR

Commercial infrared analyzer and decoder program for Windows. By its makers
characterized as"... the leading tool available for analysing, decoding and reverse
engineering infrared remote control protocols'. Last release appears to be from July
2016. Web site.

Analyzer
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We use the word "analyzer" for a program that takes one or more IR signals/
sequences as input, and from them computes one (or several aternative) |RP-Forms
(with parameter values) that is compatible with the data, i.e. that could have generated
the given data. IrpTransmogrifier contains an implementation, used in the current
version of IrScrutinizer.

ANTLR

"A powerful parser generator for reading, processing, executing, or translating

structured text or binary files. ... From agrammar, ANTLR generates a parser that can

build and walk parse trees." Website, see also documentation site.

Arduino

A single-board micro-controller, based upon a 8-bit Atmel AVR micro-controller,

or a 32-bit Atmel ARM. Officia site. Can be used for implementing sending and/or

capturing of infrared signals with additional hardware attached to its 10-pins, see for

example this project. The main components of the Arduino eco systems are:

» TheArduino IDE (Integrated Devel opment Environment) (which isan open
source Java | DE program containing an editor and a code preprocessor. It invokes
the tool chain),

* A setof includes and libraries for the processor, mainly GNU software,

» A tool chain (compiler, linker, "binutils") for the processor, mainly GNU software
(installed with the IDE),

* A bootloader,

* A number of hardware boards based on "open hardware".

Arduino library manager

One part of the Arduino ecosystem. Consists of a number of user-contributed, not

officially supported libraries for Arduino. From the Arduino IDE, selecting "Tools" ->

"Manage libraries’ a GUI frontend to these librariesis opened, alowing to install and

update any of these libraries.

Bracketed raw format

Simple text format for formatting of araw IR signal, introduced by IrpTransmogrifier.

Intro-, repeat, and (optionally) ending sequences are enclosed by brackets ("[]",

sometimes called "square brackets' or "square parenthesis*). Signs ("+" for flashes,

"-" for gaps), as well as interleaved commands or semicolons, are accepted, and

ignored (even if they are not in correct order). Optionally, the beginning sequence

can be preceeded by Fr eq=frequency_in_HzHz giving the modulation frequency. If
not explicitly given, a default value (dependent on the reading program) is assumed.

Example (an RC5-signal): Fr eq=36000Hz[ ] [ +889, - 889, +1778, - 8389,

+889, - 889, +889, - 889, +889, - 889, +889, - 889, +889, - 889,

+889, - 889, +889, - 889, +889, - 889, +889, - 889, +889, - 889,

+889, - 90886] [] .

Capturing (sometimes" learning")

The process of recording an unknown physical IR sequence as a sequence of on- and

off-durations, preferably together with a measure of its modulation frequency. See

(Non-demodulating) IR receiver. Cf. receiving IR signals.
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CCF (text signal format)

Sometimes used as a synonym for the Pronto Hex format. Not to be confused with the
ccf file format of the Pronto Classic remotes!

ccf file format

Not to be confused with the CCF text signal format! Configuration file format for the
Pronto Classic. File extensionisccf . Can be edited by the ProntoEdit program. Has
been completely reverse engineered, and the open-source program Tonto is able both
to interactively edit them, as well as non-interactively through an API. IrScrutinizer
can import and export ccf files, using the said API.

Cleansed signal

Given acaptured dirty signal, numerically "close" duration values are lumped into
one single value. Often combined with arepeat finder.

CML

Proprietary binary format by RTI for their IR database files. Has been reverse
engineered; IrScrutinizer can import it. One well known CML fileisthe Mega List
Database, which is a huge database of IR codes maintaned by Glackowitz from the
Remote Central Forums.

Command

Here, an IR signal with aname, like "Play".

Consumer IR (CIR)

Consumer IR deals with IR control of various devices, often audio or video.
Wikipedia article. Not to be confused with IRDA. Typically uses wave lengths of
940-950nm.

CVS (comma separ ated values)

Primitive data base format, one record consisting of one line, the entries separated
from one another by acomma (,) (or sometimes another character). One possiblefile
extension csv. Can be read directly by spreadsheet programs.

Decode (noun)

Given an IrSequence or an IrSignal, adecode is a protocol, together with parameter
values, that are compatible with the given IrSequence/lrSignal, i.e. could have
generated the original signal. Note that the determination is governed by numerical
uncertainties, so that small deviations from the perfect signal are accepted.
Furthermore, one signal/sequence may have none, one, or more valid decodes.
Decodel R

Library for the decoding of IrSequences. Originally written by John Fine, extended
by others; used by many widely spread programs as a shared library, often using JNI.
The current version is 2.45. License: public domain.Binaries for Windows, Linux,
and Mac, source code at SourceForge. Arduino version (also available in the Arduino
library manager). Now superseded by IrpTransmogrifier.

Demodulating IR Receiver

An integrated circuit that receives amodulated IR signal and recovers the origina
signal with the modulation removed. The modulation frequency of the signal must
"match” the frequency of the demodulator. Receiver chips are typically marked
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TSMPXXYY, where XX (two or three digits) denotes a vendor specific type, and YY
the modulation frequency in kHz. (Data sheet for atypical product.) Not suited for
capturing of unknown signals, since it removes the modulation frequency without
identifying it.

Device Number

See protocol parameters. Denoted by D in IRP protocols.

/dev/lirc

Using Linux, a device node for a connected, supported IR device. Despite the name,
itisapart of the Linux kernel, not Lirc, thus available also if Lirc isnot installed.
Supported by IrScrutinizer, using the DevSlashLirc library.

Device Type

Class of components, like TV, VCR, Satellite receiver, etc.

DevSlashLirc

Library for object oriented accessto / dev/ | i r ¢ -hardware using Javaor C++
(currently). Source repository.

Dirty Signal/Sequence

A physically measured signal or sequence containing random measurement errors,
"dirt". Such a signal/sequence contains several numbers that are close, but not equal.
Duration

A duration is either agap or aflash.

Duty Cycle

The percentage of the time the the modulation pulseison. Typically 50% or slightly
less.

Ending sequence

See IrSignal.

Eventghost

"EventGhost is an advanced, easy to use and extensible automation tool for MS
Windows. It can use different input devices like infrared or wireless remote controls
to trigger macros, that on their part control a computer and its attached hardware."
Licensed under GPL2. Home page.

ExchangelR

Library for IR signal analysis and exchange by Graham Dixon. Licensed under the
GPL 3 license. Some interesting parts are an Analyzer, a repesat finder, and functions
for the UEI learned format. These parts has been trandlated to Java by myself: source.
Executor

An embedded program fragment for the rendering and transmission of one or severd
protocols. One executor can manage severa protocols; aso, for one protocol there
may be several aternative executors. An executer has its own parametrization, more-
or-less similar to the parametrization of the protocol. Used in JP1 Remotes and
RemoteM aster.

Flash (or "mark", " on-period")

Period of time when the IR light is"on", or flashed with the selected modulation
frequency. See IrSeguence.
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Function Number

See protocol parameters. In IRP protocols, denoted by F. In the JP1 community, often
the synonym OBC is used.

Gap (or "space", " off-period” , " Pause")

Period of time when the IR light is off. See IrSequence.

Generating, sometimes called rendering

The process of evaluating an IrProtocol for a particular parameter value, rendering
an IrSignal. Commonly used rendering programs/engines are the older MakeHex,
IrpMaster (included in versions 1 of IrScrutinizer, and the more modern and capable
IrpTransmogrifier (included in the current versions of IrScrutinizer).

Girr (Generic IR Remote)

A general XML -based exchange formats for IR Signals. Really a container format
that can contain any of the Pronto Hex, raw format, protocol/parameter format, as
well as other text formats like Global Caché sendir. For afull description, see the full
documentation.

Global Caché

Manufacturer of IR sending hardware, in some cases with learning and/or receiving
possibilities. Web site. Supported in IrScrutinizer.

GPL3license

The current version of the GNU General Public License. Used by my software
projects (with some exceptions), and many so-called open-source software projects.
The basic ideaisthe licensee is allowed to use, enhance etc. the software (alsoin a
commerical product and context), but is not allowed to turn it, or aderived product,
into non-free software.

Iguana USB IR transceiver

A family of USB transmitter/receiversfor IR signals. Supported by IrScrutinizer on
Lirc (only) by using the/ dev/ | i r ¢ interface.

IR (Infrared light)

According to Wikipedia, infrared light are light (electromagnetic radiation) of
wavelength between 700nm and 1mm. For control of consumer electronics (CIR),
according to Wikipedia, wavelengths around 870 nm and 930-950 nm (latter
preferred), in comparison to IrDA (850-900nm) are used. Almost always generated by
an IR LED.

IrDA

IrDA isamethod for data exchange between PCs and portable devices. It is no longer
to be considered as state-or-the-art, and has been aimost completely replaced by
Bluetooth and WiFi. Many devices with IrDA hardware are still around, but they are,
possibly with afew exceptions, unsuitable for consumer IR.

IR LED (light emitting diode)

Semiconductor component capable of sending light with the desired IR wavelength. A
typical representative is the Osram SFH 4546.

(IR) Protocol
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An algorithm for turning a number of parameter valuesinto an IR signal. It defines
the necessary parameters and their allowed values. By convention, the most
frequently changing parameter is called "F" (function number). Almost al protocols
have a"device number" called "D". Many protocols have a"sub-device" number,
called"S'. A few protocols have atoggle parameter, in general called "T", and being
persistent. A protocol may also have other parameters, with "arbitrary” names.
IrMaster

A program for generating, analyzing, importing, and exporting of infrared signals.
Now discontinued, replaced by IrScrutinizer.

IrpMaster

A program and API library for rendering |RP protocols version 2. Seeits
documentation. Comes with a powerful (but slightly hard to use) command line
interface. For GUI usage, see IrMaster and IrScrutinizer. Note that the word
"IrpMaster” sometimes refers to the command line program, sometimes to the
rendering engine contained in IrMaster and IrScrutinizer version 1. Now discontinued
and obsolete; replaced by IrpTransmogrifier.

| RP Notation

Compact, dightly cryptical, notation for defining an IrProtocol. Specification.
IrpTransmogrifier

Library and command line program for the IRP notation protocols, with rendering,
code generation, and recognition applications. Reference manual. Effectively replaces
IrpMaster, DecodelR", and Exchangel R.

I'r Scope

Program that accompanies the Ir'Widget, also by Kevin Timmerman. Originally a
support to the IrWidget, was further developed (in particular through Graham Dixon)
to afairly genera and capable IR analyzing program, supporting also Decodel R and
ExchangelR. The program was a major inspiration source for IrScrutinizer.

I'r Scrutinizer

IrScrutinizer is a powerful program for capturing, generating, analyzing, importing,
and exporting of infrared signals. Reference manual.

irsend

Program that implements a simple client for the Lircd server daemon, for sending
commands to alircd server. Contained in the Lirc package. For a complete list or
commands implemented, see its man page. IrScrutinizer contains a GUI version

with (approximately) the same functionality, under Tool s - > Nanmed Conmand
Sender . For aPython alternative, see Lirconian. For a Java aternative, see

JavaL ircClient.

IR Sequence

Sequence of time durations, in general in expressed microseconds, together with a
modulation frequency. The even numbered entries normally denote times when the
IR light is on (modulated), called "flashes’ or "marks’, the other denote off-periods
"gaps' or "spaces'. They always start with aflash, and end with a gap. Sometimes the
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flashes are written with aleading "+"-, and the gaps with aleading "-"-sign. This has

only a decorative purpose; al involved numbers are still positive.

IR Signal

Consists of three IR sequences, called

1. start sequence (or "intro", or "beginning sequence"), sent exactly once at the
beginning of the transmission of the IR signal,

2. repeat sequence, sent "while the button is held down", i.e. zero or more times
during the transmission of the IR signal (although some protocols may require at
least one copy to be transmitted),

3. ending sequence, sent exactly once at the end of the transmission of the IR signal,
"when the button has been released". Only present in afew protocols.

Any of these can be empty, but not both the intro and the repeat. A non-empty ending
sequence is only meaningful with a non-empty repesat.

Ir Toy

An "open hardware" project by Dangerous Prototypes, see the product page. Consists
of amicroprocessor PIC18F2550, a demodulating IR-receiver, a non-demodulating
|R-receiver, an IR-LED, and a USB-connector. Thus, is usable both for learning,
including frequency measurements, receiving demodulated R-signals, and sending IR
signals. Supported by IrScrutinizer up to and including 2.3.1, but not 2.4.0.

IrTrans

A series of IR products from the firm with the same name. IrScrutinizer and IrMaster
support the Ethernet models (preferably with the "IR data base"), for sending only.
Not supported in the current version 2.4.0.

IrWidget

An "open hardeware" project by Kevin Timmerman. Project page. That page presents
many different versions, but the most spread version (commercially available by
Tommy Tyler; unknown if still active) consists of amicro processor PIC12F629, a
non-demodul ating sensor (QSE15x), and a USB serial FTDI interface. Supported by
Kevin's IrScope, aswell as IrScrutinizer.

Java Native I nterface (JNI)

A technique for having a Java program calling a native shared library (DLL in
Windows, "Shared object” (. s0) in other operating systems). See the Wikipedia
article.

JP1

Community for customizing JP1 Remotes. Forum.

JP1 Remote

Customer remotes manufactured by Universal Electronics Inc., manufactured by
many different names, like One for all etc. Has been reverse engineered by the JP1
community. Can be programmed through a connector, called (after the PCB label)
JP1. The main tool for thisis RemoteM aster.

JSON

A standard for using human readable text to transfer structured data, as an alternative
to XML. Seethe Wikipedia article.
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Lirc

An open source project for sending and receiving IR signals from Linux. Official web

site. First release in May 1996, current version is 0.10.1, released in September 2017.

Also packaged in all major Linux distributions. IrScrutinizer supports sending named

commands to a Lirc server, and can also import and export filesinl i r cd. conf

format.

lircd

The main daemon of the Lirc project. Accepts commands on a Unix domain socket,

aternatively on a TCP socket, by default 8765. Accepts commands to send IR signals

in Remote/Command format only. To send commands to arunning lircd, often a

program called irsend is used.

lircd.conf

The main Lirc configuration file; a data base of remotes and its contained commands.

Typically residingin /etc/lirc/lircd. conf.Alsousedtodenotethefile

format. Thefilesin the Lirc data base are in this format. Although its syntax and

semantics is documentated, should not be considered a viable exchange format.

Can be imported by IrScrutinizer — since it contains a substantial amount of Lircd,

trand ated to Java.

M akeHex

A predecessor to IrpMaster. Adheresto an earlier version ("Version 1") of the IRP

Notation. For the original C++ program by John Fine, neither a GUI nor a command

line interface are present; the parameters are given to the program by editing the data

basefiles. A Javatrandlation (by myself) exists, which has acommand line interface,

available here.

M ode2

1. A smpletest format consisting of interleaved "on- (pul se) and off-durations
(space).

2. A simple program contained in Lirc, printing the mode2 text format of received IR
sequences to standard output.

3. InLirc, notation for drivers/plugins capable of generating/evaluating data
containing timing information.

Modulation frequency

During the "on" periods, the IR light is not just constantly on, but "flashed" on and off

at afrequency called the modulation frequency, typically between 36kHz to 40kHz,

in some cases higher (up to 56kHz), or much higher (455kHz, Bang & Olufsen

equipment). This reduces noise sensitivity and power consumption, and also alows

higher currents through the IR LED (that thus does not have to be able to survive the

high current continuously). Also see Duty cycle.

(Non-demodulating) IR receiver

IR receiver that outputs the received IR signal essentially as received, i.e. without

removing a modulation. Preferred sensor component is a chip with pre-amplifier like

TSMP58000, at least for "moderate” modulation frequencies (< 60kHz).

Original Button Code
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Acronym for "Original Button Code", a synonym for function number used in the JP1
community.

Parametric IR signal

An Ir Signal given as a protocol and an assignment to its parameters. The oppositeisa
raw signal. Of course, arenderer may compute the raw, numerical IR Sequences, but
these are considered secondary, it is defined by its protocol and parameters values.
PCF

IR signal format, not to be confused with the pcf file format of the Pronto NG
remotes! Thisisaproprietary and encrypted form of IR signals. Asfar as| am aware,
itis presently not known how to decode this representation.

pcf file format

Like the xcf format, thisisa ZIP file containing an XML file with the real payload,
and anumber of icon files. Unfortunately, the enclosed IR signals are in the PCF
format, thus possible to decrypt only by the ProntoEditNG program.

Persistent variable

A persistent variable in an IR protocol may, but need not, be given avalue before
generating. If not, it retains its value from previous invocation, or, for the first
invocation, has a default value.

Pronto Hex

IR signal format. Often called "CCF", "hex", or "Pronto". Consist of a sequence of
four-digit hexadecimal numbers. For the interpretation, see the Appendix. It isavery
popular format, e.g. for textual the exchange in Internet forums.

Pronto Classic

Legendary Family of advanced touch-screen remote controls. Manufactured by
Philips between 1998 and 2004. Consists of the models TS1000, TSU2000, TSU6000,
RC5000, RC5000i, RC5200, RC9200, RU890, RU940, RU970, USR5, RAV 2K,
RAV2KZ1. Configurable/programmable by a GUI program "ProntoEdit", aswell as
the open-source program Tonto.

ProntoEdit

Windows program for programming the Pronto remotes. Existsin different versions
for different Pronto series. From its owner Philips now discontinued, but available for
download at RemoteCentral.

Pronto frequency code

The second number in the Pronto hex representation. For f in Hertz, thisis the four-
digit hexadecimal number given as 1000000/(f* 0.241246). It can be conveniently
computed by the Time/Frequency Calculator in IrScrutinizer, available under its
Tools menu.

Pronto NG (New Generaton)

Later generation of Pronto touch screen programmable remotes. Uses the pcf format
astheir configurations. Can be read by ProntoEditNG.

Pronto Professional (*. xcf configuration files)

Later generation of Pronto touch screen programmable remotes. Uses the xcf format
astheir configurations. Consists of the models TSU9800, TSU9600, TSW9500,
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TSU9400, TSU9300, TSU9200, TSU9500 (Philips) and RC9001 (Marantz).
Discontinued in 2010.

Protocol Parameters

See IR Protocol.

protocols.ini

Data base file for RemoteM aster. Despite the name, it does not descibe protocolsin
our sense, but rather executors, their properties and parameterization.

properties (of an interactive program)

The part of the program'’s state saved between sessions for each user; saved to disk, or,
sometimes with Windows, in the Windows registry.

Raw IR sequence/signal

A raw Ir Sequence is a sequence of (in general) measured on-off durations. It may

or may not have one or many decodes, but these are considered to be secondary; its
is defined by its numeric time durations. Often written with signs: a"+" indicates a
flash, a"-" indicates agap. A text format expressing the durationsin microseconds is
called "raw format”, even if the signal as such is parametric.

Receiving IR signals (deployment)

The use case of receiving an apriori partially known (typically through its protocal,
in particular, the modulation frequency) signal, identifying it completely (typically its
parameters protocol parameters), and possibly initiating an action. Cf. the other use
case capturing.

Repeat finder

A repeat finder is a program that, when fed with an IrSegquence, tries to identify a
repeating subsequence in it, and returns an IrSignal containing intro-, repeat-, and
ending sequence, compatible with the given input data. The library Exchangelr
contains a repeat finder, which was used in IrScrutinizer versions up to and including
version 1.2. [rpTransmogrifier also contains a repeat finder, which isused in the
current version of IrScrutinizer.

Repeat sequence

See IrSignal.

Remote

1. A collection of commands with unique names.

2. A piece of hardware with buttons etc.

Remote/Command for mat

Given appropriate data base entries, the name of aremote (or device) together with
the name of a command, can identify a command uniquely.

RemoteM aster

Powerful open-source tool for the programming of JP1 remotes. see Manual.
Download current released version. Sources. Recent version can import and export
Girr files.

RMDU file

Configuration file for "device update" for RemoteMaster, describing the configuration
of a (universal) remote for one particular device. Contains parametrized commands,
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unfortunately not in the protocol/parameter form, but parametrized by an executor and
its parameters.

RMIR file

Configuration file for a complete remote configuration for RemoteMaster, describing
the configuration of a (universal) remote, in general containing one or several device
updates. and its parameters.

scrutinize (verb)

"To examinein detail with careful or critical attention."

sendir (Global Caché) for mat

Text format used by Global Caché devices for expressing an IR signal, together with
some additional information (number of sends, transmitter). IrScrutinizer can translate
to and from this format.

Start sequence

See IrSignal.

StringTemplate

"A Javatemplate engine ... for generating source code, web pages, emails, or any
other formatted text output. StringTemplate is particularly good at code generators,
multiple site skins, and internationalization / localization." Website, see also Github
documentation.

Sub device Number

See protocol parameters. In IRP protocols, denoted by S.

TVS (tab separated values)

Like CSV but using atab character (ASCII character 9). File extension . t sv, or
other.

Toggle

Persistent variable in an IrProtocol, in general alternating between 0 and 1, between
different invocations. |.e., if the first invocation has the toggle value 0, al even
invocations will have the value 1 of the toggle, all even the value O, independent of
the number of repeat sequences. Also see protocol parameters.

Tonto

An open source re-implementation of ProntoEdit for the Pronto Classic, aswell as an
Java API library for reading and manipulating CCF files. Now discontinued. Author
is Stuart Allen. Sources at Github. The AP library isused in IrScrutinizer to read
from, and export to, CCF files.

Transmitter

Some IR senders have more than one sending channel, called transmitter, allowing for
example to control different equipment independently, even if they are using the same
commands. These are called transmitters. Note that by definition, every IR sender
has at |east one transmitter, but only in the case of multiple transmitters, a selectionis
meaningful.

Transmogrify (verb)

"To change or alter greatly and often with grotesque or humorous effect"

UEI learned format
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Proprietary internal format for asingle IR signal from Universal Electronics Inc. By
convention formatted as a sequence of two-digit hexadecimal numbers. Has been
reverse engineered in Exchangel R. Supported in previous versions of IrScrutinizer,
but not in the current. (Rationale.)

wave file format

An IR sequence rendered with halfed modulation frequency, as a sequences of
equdistant samples (in genera with sample frequency 44.1kHz or 48kHz) considered
asan audio signal. It is supposed to be "playbacked" through an audio system
connected to a pair of IR LEDs connected in anti-parallel, which will again double
the carrier frequency. A common mis-conception is that a stereo signal is used for
this. IrScrutinizer supports both the generation of wave files, aswell asitsimport and
analysis.

WinLirc

According to itsits web site, it "...is the Windows equivalent of Lirc". It is not a port
of Lirc, nor doesit share any code with Lirc. Appears currently not to be maintained;
last release was 0.9.0i released in May 2014. Statements on Lirc in these pages are not
necessarily true for WinLirc.

xcf configuration file

Configuration file format for the Pronto Professional line of remotes. Consists of
aZIPfile containing one configuration filein XML-format, as well as a number

of supplementary icon images. The XML fileis very easy to understand (for
programmers!), and can contain IR signals in different formats, like CCF format
(usable!) and PCF format (encrypted, thus not usable).

XML

Here, adata base filein certain, marked up, text file format.

XML Schema

XML Schema (also called XSD, for "Xml Schema Language") isan XML language
for describing the syntax of XML documents. See the Wikipedia article.

XSLT (Extensible Stylesheet L anguage Transfor mations)

XSLT isan XML language for transforming XML documents into other XML
documents, HTML-pages, or plain text. See the Wikipedia article. The programs here
useonly XSLT version 1.0.

2.9.2 Appendix. Semantics of the Pronto HEX (CCF) format.

There are afew very old guides to the format circulating on the internet. These were written in
the previous century, as the subject was not very well understood. Although likely very valuable
at the time they were written, however, now they are basicall completely unsuitable. Please do
not read, and in particular, do not recommend to others. This appendix contains all needed to
know — at least in 2016.

An IR signal in Pronto CCF form consists of a number of 4-digit hexadecimal numbers.
For example:
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0000 006C 0022 0002 015B OOAD 0016 0041 0016 0016 0016 0016
0016 0016 0016 0016 0016 0016 0016 0016 0016 0016 0016 0016
0016 0041 0016 0016 0016 0016 0016 0016 0016 0016 0016 0016
0016 0016 0016 0041 0016 0041 0016 0016 0016 0016 0016 0016
0016 0016 0016 0016 0016 0016 0016 0016 0016 0016 0016 0041
0016 0041 0016 0041 0016 0041 0016 0041 0016 0041 0016 O6FB
015B 0057 0016 OE6C

The first number, here 0000, denotes the type of the signal. 0000 denotes araw IR signal
with modulation, while 0100 denotes a non-modulated raw IR signal. There are also
asmall number of other allowed values, denoting signalsin protocol/parameter form,
notably 5000 for RC5-protocols, 6000 for RC6-protocols, and 900A for NEC1-protocols.

The second number, here 006C, denotes a frequency code. For the frequency f in Hertz,
thisis the number 1000000/(f* 0.241246) expressed as a four-digit hexadecimal number.
In the example, 006C corresponds to 1000000/(0x006c * 0.241246) = 38381 Hertz.

(It can be conveniently computed by the Time/Frequency Calculator in [rScrutinizer,
available under the Tools menu.)

The third and the forth number denote the number of pairs (= half the number of
durations) in the start- and the repeat sequence respectively. In the example, there are
0x0022 = 34 starting pairs, and 2 repest pairs.

Next the start- and the repeat-sequences follow; their length being given by the third and
the forth number, as per above. The numbers therein are all time durations, the ones with
odd numbers on-periods, the other ones off-periods. These are all expressed as multiples
of the period time; the inverse value of the frequency given as the second number. For
this reason, "frequency" must be a non-zero number also for the non-modulated case,
denoted by the first number being 0100. In the example, the fifth number 0x015B denotes
an on-period of 0x015B* periodtime = 347/f = 347/38381 = 0.009041 seconds = 9.041
microseconds.

In particular, all sequences start with an on-period and end with an off-period.
In the Pronto representation, there is no way to express an ending sequence.

2.10 HarcHardware

Sending undocumented IR commands to your equipment may damage or even destroy it. By
using this program, you agree to take the responsibility for possible damages yourself, and not to
hold the author responsible.

2014-02-01 Initial version, for version 0.9.0.
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Table 1: Revision history

2.10.1 Introduction

Thisisacollection of classes for accessing hardware for home automation and remote, in
particular infrared, control.

It isintended as a support library for application programs, not as a user friendly program
aimed at end users. It is currently used by programs like IrScrutinizer and IrMaster.

There are classes for infrared sending and receiving by communicating with IR sending/
receiving hardware, for serial communication as well as ethernet communication with
sockets or HTTP, classes for implementing LAN beacons and beacon listeners, among
others.

It islargely designed upon interfaces, so that application programs can access different
hardware, e.g. for IR sending, in auniform way. See the class Mai n for an example.

2.10.2 Copyright and License

The program, as well as this document, is copyright by myself. My copyright does not
extend to the embedded "components' Exchangel R, Decodel R. Exchangel R was written
by Graham Dixon and published under GPL 3 license. Its Analyze-function has been
trandated to Java by Bengt Martensson. Decodel R was originally written by John S.
Fine, with later contributions from others. It is free software with undetermined license.
IrpMaster isusing ANTLR3.4 and depends on the run time functions of ANTLR3, which
is free software with BSD license.

The program uses JCommander by Cédric Beust to parse the command line arguments. It
is free software with Apache 2 license.

Serial communication is handled by the RXTX library, licensed under the LGPL v 2.1
license.

JSON handling isimplemented using the "fast and minimal JSON parser for Java' by
Ralf Sernberg, licensed under the Eclipse Eclipse Public License Version 1.0.

The program and its documentation are licensed under the GNU General Public License
version 3, making everyone free to use, study, improve, etc., under certain conditions.

2.10.3 APl documentation

APl documentation, generated by javadoc.

2.11 Infrared4Arduino — Yet another infrared library for the Arduino

2016-05-04 Initial version.
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Table 1: Revision history

2.11.1 Introduction

Thisisyet another infrared library for the Arduino. (Although its name does not start
with YA..)) Itisamajor rewrite of Chris Young's IRLib, (GitHub repo), which itself is
amagjor rewrite of alibrary called IRremote, published by Ken Shirriff in his blog, now
maintained on GitHub. It uses Michael Dreher's IrWidget (article in German), see also
this forum contribution.

Theclasses| r Wdget and|r W dget Aggr egati ng arebased on Michagl's code.
Theclasses| r Recei ver Sanpl er and | r Sender Pwm and in particular the file

| Rr enot el nt . h, are adapted from Kevin's and Chris work. The remaining files are
almost completely written from scratch, although the influence of Kevin and Chrisis
gratefully acknowledged.

Thiswork isalow-level library (like IRremote and IRLib) that can be used in other
projects, like AGirs, which is an high-level program taking commands interactively

from auser or a program through a bi-directional St r eam The goal has been to

provide a sound, object oriented basis for the fundamental basis, not to provide maximal
functionality, the maximal number of protocols supported, or the most complete

support of different hardware. A clean design and high readability, without being "too"
inefficient, has been the highest priority. Dynamic memory allocation with new and

del et e isused extensively. The user who is afraid of this can create his required
objects at the start of the run, and keep them. Most classes are immutable. The classes are
const -correct.

2.11.2 API

2.11.2.1 Types

There are some project specific datatypedefsin| nf r ar edTypes. h. For durations

in microseconds, the datatypemi cr oseconds_t isto be used. If desired/necessary,
thiscan be either ui nt 16_t or ui nt 32_t . For durations in milliseconds, use the type
mllisecons t.Likewise usefrequency t for modulation frequency in Hz (not
kHz asin the IRremote/IRLIiDb).

For "sizes', si ze_t , the standard C type, is used.

Implementation dependent typeslikei nt areused if and only if it is OK for the compiler
to select any implementation allowed by the C++ language.

unsi gned i nt isused for quantities that can "impossibly" be larger than 65535.

2.11.2.2 IrSequences and IrSignals

An | r Sequence_isavector of durations, i.e. sequence of interleaving gaps and
spaces. It does not contain the modulation frequence. As opposed to | Rremote and IRL.b,
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our sequences always start with a space and end with agap. It is claimed to be amore
relevant representation than the one of IRremote and IRLib.

An | r Si gnal consists of amodulation frequency and three | r Sequences: intro-,
repeat-, and ending sequence. All of these, but not al, can be empty. If repeat is empty,
intro has to be non-empty and ending empty. The intro sequence is always sent first, then
comes a zero or more repeat sequences, and finally the ending sequence. To send asignal
n > 0 times shall mean the following: If the intro is non-empty, send intro, n - 1 repeats,
and then the ending. If the intro is empty, send n repeats, and then then ending.

2.11.2.3 Class construction

For some receiving and transmitting classes, multiple instantiations are not sensible,

for other it may be. In thislibrary, the classes that should only be instantiated once are
implemented as singleton classes, i.e. with no public constructor, but instead a static
"factory" method (newThi ng() ) that delivers a pointer to a newly constructed instance
of Thi ng, provided that Thi ng has not been instantiated before. The classes, where
multiple instances is sensible, come with public constructors. (However, the user still has
to take responsibility for avoiding pin- and timer-conflicts.)

2.11.2.4 Hardware configuration

For hardware support, the filel Rr enot el nt . h from the IRremote project is

used. This means that all hardware that project supportsis also supported here (for

| r Recei ver Sanpl er and | r Sender Pwm). (Actualy, asmall fix, borrowed from
IRLib, was used to support Arduinos with ATMega32U4 (Leonardo, Micro).) However,
IrWidgetAggregating is currently supported on the boards Uno/Nano (ATmega328P),
Leonardo/Micro (ATmega32U4), and Mega2560 (A Tmega2560).

Several of the sending and receiving classes take a GPIO pin as argument to the
constructor. However, the sending pin of | r Sender Pwmand the capture pin of

| r W dget Aggr egat i ng are not configurable, but (due to hardware limitations) have
to be taken from the following table:

Uno/Nano (ATmega328P) 3 8
Leonardo/Micro (ATmega32U4) 9 4
Mega2560 (ATmega2560) 9 49

2.11.3 Timeouts

All the receiving classes adhere to the following conventions: When initialized, it waits
up to thetime begi nni ngTi meout for the first on-period. If not received within that
period, it returns with atimeout. Otherwise, is starts collecting data. It will collect data
until one of the following occurs:
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* A sdlenceof lengthendi ngTi meout has been detected. Thisisthe normal ending.
The detected last gap is returned with the data.
* Thebuffer gets full. Reception stops.

2.11.4 User parameters

As opposed to other infrared libraries, there are no user changeable parameters as
CPP symbols. However, the timer configuration is compiled in, depending on the CPP
processors given to the compiler, seethefilel Rr enot el nt . h.

2.11.5 Files

As opposed to the predecessor projects, this project has aheader (*. h) fileand an
implementation file (* . cpp, sometimes missing) for each public class.

2.11.6 Error handling

Simple answer: there is none. If afunction is sent erroneous data, it just silently ignores
the request, or does something else instead. This (unfortunately) seems to be the standard
procedure in Arduino programming.

| am used to exception based error handling, for some reason thisis not used by the
Arduino community.

Constructive suggestions are welcome.

2.11.7 Protocols

Comparing with the predecessor works, this project may look meager, currently
supporting only two protocols (NEC1 and RC5). It is planned to generate the
corresponding C++ code automatically from the IRP notation. (For this reason,
contributed implementations of more protocols are not solicited.)

2.11.8 Sending non-modulated signals.

RF signals (433 MHz and other carrier frequencies) do not use the IR typical modulation.
Also there are afew IR protocols (like Revox, Barco, Archer) that do not using
modulation. These signals can be sent by the class| r Sender NonMod, after connecting
suitable hardware capable of sending non-modulated (IR- or RF-) signalsto the GPIO pin
given as argument to the constructor.

2.11.9 Dependencies

Thislibrary does not depend on any other libraries; only the standard Arduino
environment.
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2.11.10 Questions and answers

2.11.10.1 What is the difference between the IrReceiver* and the IrWidget* classes?

They are intended for two different use cases, receiving and capturing. Differently put,
"receive" uses ademodulating receiver (TSOPxxX, €tc.), "capture" a non-demodulating
decoder (TSMPxxx, OPLxxx QSExxXx, etc.). Note that this terminology is not universally
accepted (yet!).

2.11.11 Coding style

My goal isto write excellent code, even though | do not always succeed :-). "Everything
as simple as possible, but not simpler.” Cleanliness, logical structure, readability

and maintainability are the most important requirements. Efficiency (runtime and/or
space) is aso important, although it normally comes on second place. [The Arduino
Style Guide](https://www.arduino.cc/en/Reference/ APl StyleGuide) has different

goals (essentially optimizing for novice programmers, " Some of these run counter to
professional programming practice"). It istherefore not given priority in this project.

2.11.12 Documentation

The main documentation for the classes is found in the source files themselves. It can be
extracted to a browse-able documentation using the program Doxygen. After installing
the program, fire up the program in the source directory. It will generate documentation in
asubdirectory api doc. To browse, open the just created api doc/ i ndex. ht ml ina
browser. For convenience, APl documentation of the current official version is also found
here.

The documentation is written for the user of the library, not the developer. For this
reason, the file Ar dui no. h has been deliberately excluded from the documentation, to
keep it centered on the main issues for the programming on the target system.

2.11.13 Multi platform coding

For someone used to, e.g., Netbeans or Eclipse, the Arduino IDE feels "somewhat”
primitive and limited. In particular, it does not support debugging. Mainly for this reason,
the code in the present library is designed to compile, and at least to some extent, runin
anorma C++ environment on the host compiler. For this, some code modifications, in
particular, a customized Ar dui no. h was needed. If the preprocessor symbol ARDUI NO
is defined, just includes the standard Arduino Ar dui no. h isincluded, otherwise (i.e. for
compiling for the host), some more-or-less dummy stuff are defined, allowing compiling
for, and execution/debugging on the host.

Thisway, certain types of problems can be solved much faster. The drawback is that the
codeis"polluted” with ugly #i f def ARDUI NO statements, which decreases readability
and makes maintenance harder.
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The subdirectory t est s containstest(s) that run on the host. The supplied Makefi | e
isintended for compiling for the host astarget. It creates alibrary in the standard sense
(*. a), and can be used to build and run testsin subdirectory t est s.

With the provided Doxyf i | e, Doxygen will document only the (strict) Arduino parts,
not the "portable C++".

2.11.14 License

The entire work is licensed under the GPL3 license. Chris aswell asKen'scodeis
licensed under the LGPL 2.1-license. Michael's code carries the GPL 2-license, although
heiswilling to agreeto "or later versions'.

2.11.15 Links

The GitHub repository.

API documentation.

2.12 IR signal resources on the Internet — an annotated collection

2016-04-29 Initial version.
2017-03-12 Removed AWE Europe; it is nhot open to the public
any more.

Table 1: Revision history

2.12.1 Introduction

This page collects a number or Internet resources, that | have found usable for myself.
There is an emphasis on free and open source resources. It is not by any means attempts
to be an exhaustive list. Nevertheless, suggestions for additional entries are welcome.

The different services below may impose their own rules and conditions for their usage. It isthe
responsibility of the reader to observe these.

The correctness of the data cannot be guaranteed. Sometimes the dataisincomplete,
unparseable, or outright wrong. Sending undocumented IR signals to your equipment may put
it in an unwanted state, or even damage it, possibly even irrevocably. By using this information,
you agree to take the responsibility for possible damages yourself, and not to hold the author
responsible.
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With the exception of GirrLib, | am not connected with any of the sources below.
However, | sometimes participate in the JP1 and RemoteCentral forums, and on the Lirc

mailing list.

2.12.2 Downloadable data bases

Collections that can be (legally) downloaded in its entirety are listed here.

IRDB

Mega List

Lirc-
remotes

JP1 master
list

GirrLib

Protocol/ Github M anufacture
parameters = project
as csv text
files.
CML RemoteCent
Beta

Lircd.conf | Home List

page Source

Forge

Excel text = Forum Download ' Direct DL
protocol/ Github Manufacture
parameters, project
Hex, and/
or Raw,

https://
github.com/

probonopd/
irdb

git://
git.code.sf.n
p/lirc-
remotes/
code

https://
github.com/
bengtmarten
GirrLib.qgit

Data
content for
irdb as per
below.

Can be
imported

in
IrScrutinizer.

The entire
directory
tree be
imported

in
IrScrutinizer.

Mostly
textual
information,
protocol/
parameters,
and index
(links) of
downloadable
fileson the
JP1 forum.
Download
only after
registration
and login

at the JP1
forum.

Not
intended
asa
deployment
IR data
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packed as
Girr.

2.12.3 General Services and file collections

IRDB Protocol/ irdb.tk No
parameters, Hex,
UEI, Raw

Control Tower Hex, sendir Home page Yes

HARCToolbox

base, but
rather asa
collection
of Girr
examples.

Also offers
rendering and
decoding online
(powered by

the software
from this site).
Organized after
manufacturers/
device-type/
protocol, not as
devices. Does not
"really" support
protocols with
other parameters
than D (device),
S (subdevice),
and F (function).
Directly supported
by IrScrutinizer.

Non-premium
users are allowed
to download 5
code sets per

day, per mail-
only. Not directly
supported by
IrScrutinizer; use
text/raw import
of the mailed
lists, Parameters
name col. =

1, Raw signal

col =2 (or 3),
field separator: ,
(comma), do not
enable "Multi col.
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Global Caché

Infrared Database

(old)

JP1 lookup

JP1 repository

Remotecentral

Remotecodelist

Hex, sendir

RMDU and others

Mostly proprietary
file formats,
sometimes Hex
for individual
commands.

Home page

Home page

2.12.4 Specialized services/data bases

Rob Humphries
Sony Remote
Control Codes

textual (protocol/
parameters)

Home page

Yes

No

Yes

No

No

No

HARCToolbox

name" or "and
subseg. columns”.

No longer actively
maintained. The
SUCCESSOr iS
Control Tower
(previous row).
Directly supported
in IrScrutinizer.

Mostly textual
information
and links to
downloadable
filesin the JP1
repository.

JP1 device
upgrades are of
limited use outside
of the JP1 project,
since they refer to
executors instead

of protocals.

Files organized
after the remote's
hardware.

Pronto Classic
ccf and Pronto
professional

xcf (most) can
beimported in
IrScrutinizer.

Collection of
miscellaneous
linksand
document, mostly
manuals for
remotes.

Codesfor Sony
equipment, from
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Y amaha master list = protocol/ Download page No
parameters as PDF
Pioneer different Download server No
Oppo Hex and Protocol/ | Oppo homepage, No
parameters as select Customer
Excel files Service, product,
etc.
Logitech Logitech Search page Yes
proprietary

3 Old programs and docs

3.1 Discontinued projects and old articles

HARCToolbox

2007. See also this
Excel list.

...master
collection of
YamahalR

Hex codefiles

for al types of
Yamahas...", from
2008.

Manufacturer
supplied
information,
mostly not
machine parseable.

Manufacturer
supplied
information.

Only usable with
Logitech harmony
remotes.

2014-02-02 Initial version.

2018-11-13 Moved IrpMaster and IrScrutinizer from current to
here.

2022-05-13 Moved Lirc CCF, lirc_rpi and rpi_daughterboard

from current to here.

Table 1: Revision history

3.1.1 Content

* IrMaster, ageneral purpose IR program, now discontinued and superseded by

[rScrutinizer.

* IrpMaster, the IR renderer, as alibrary and command line program. Now

discontinued, replaced by IrpTransmogrifier
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HarcToolbox, the old main project, no longer developed. Note that the name
"HarcToolbox" denotes both this project, and the web site. Sorry for the confusion.
Transforming XML Export from Ir(p)Master, atutoria article on generating
"interesting stuff" (here, C code) from the XML export of IrpMaster and IrMaster.

It is obsolete, since IrScrutinizer uses a different format (Girr) that is not quite
compatible with the very ssimplistic XML format of IrMaster and IrpMaster. Actually,
the XML export of these programs became obsol ete before | had the time to document
them...

Lirc2xml, a program for extracting IR codes from LIRC files. Thisis a patch to

Lirc 0.9.0, and produces a command line C program. It is superseded by Jirc,

written entirely in pure Java, thus attractive to integrate into other programs, like
IrScrutinizer, offering anice GUI.

LIRC CCEF patch, to make the LIRC server able to send signals not residing on the
server.

Raspberry Pi Improved Lirc driver.

Raspberry Pi daughterboard of IR and RF sending and receiving.

Downloads.

3.2 IrpMaster: a program and API for the generation of IR signals from IRP
notation

It may not be necessary to read this document. If your are looking for a user friendly GUI
program for generating IR signals etc, please try the program IrScrutinizer (or its predecessor
IrMaster), and get back hereif (and only if) you want to know the detail on IR signal generation.

3.2.1 Revision history

2011-08-15 Initial version.

2012-04-24 Converted to the document format of Apache

Forrest. The program documentation is now
generated from that file. Many minor fixes and

updates.
2012-06-03 Minor updates for upcoming release 0.2.0.
2012-08-19 Minor updates for upcoming release 0.2.1.
2012-11-18 Minor updates for upcoming release 0.2.2.
2014-01-27 Minor updates for upcoming release 1.0.0.
2014-05-30 Minor updates for upcoming release 1.0.1.
2016-04-29 Minor updates for release 1.2.
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3.2.2 Revision notes

Release notes for the current version

3.2.3 Introduction

The"IRP notation" is a domain specific language for describing IR protocols, i.e. ways
of mapping anumber of parametersto infrared signals. It isavery powerful, slightly
cryptic, way of describing IR protocols. In early 2010, Graham Dixon (mathdon in

the JP1-Forum) wrote a specification. Up until this program was released, there has

not been a usable implementation of the IRP-notation in the sense of a program that
takes an IRP Protocol together with parameter values, and produces an IR signal. (The
MakeHex program operates on a previous, more restricted version of the IRP notation.
The Makel earned program has severe restrictions, most importantly, its sources are not
available.) The present work is a Java program/library that is hoped to fill that gap. It
iswritten in Java 1.6, may or may not run with Java 1.5, but definitely not with earlier
Javaversions. It, optionally, calls the shared library Decodel R on Windows, Linux,

or Macintosh, but has no other "impurities" in the sense of Java. It can be used asa
command line program, or it can be used through its API. For parsing the IRP-Notation,
the tool ANTLR is used, generating the parser automatically from the grammar.

This project does not contain agraphical user interface (GUI). See Main principles for
a background. Instead, the accompanying program IrScrutinizer (and its predecessor
IrMaster) provides a GUI for the present program, among many other things.

For understanding this document, and the program, a basic understanding of IR protocol
is assumed. However, the program can be successfully used just by understanding that
an "IRP protocol” isa"program™ in a particular "domain specific language” for turning a
number of parametersinto an IR signal, and the present program is a compiler/interpreter
of that language. Some parts of this document requires more |RP knowledge, however.

3.2.3.1 Spelling, pronunciation

The mandatory section... :-; Preferred spelling is"IrpMaster”, with "1™ and "M"
capitalized (just as the Java class). Pronounce it any way you like.

3.2.3.2 Synergies within other projects

| hope that this program/library should be useful to other projectsinvolved in IR signals.
It makes the vast knowledge of the JP1 project available to other programs. It can be used
off-line, to manually or automatically produce e.g. configuration files containing rendered
IR signal in some popular format, like the Pronto format. More exciting is to implement
areal time"IR engine", that can generate and transmit IR signals in any of the known
formats.
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3.2.3.3 Copyright and License

The program, as well as this document, is copyright by myself. Of course, it is based
upon the IRP documentation, but is to be considered origina work. The "database file"
IrpProtocols.ini is derived from Decodel R.html, thus | do not claim copyright.

The program uses, or interfaces with (the different is slightly blurred), other projects.
Exchangel R was written by Graham Dixon and published under GPL 3 license. Its
Analyze-function has been trandated to Java by myself, and is used in by the present
program. Decodel R was originally written by John S. Fine, with later contributions from
others. It is free software with undetermined license. IrpMaster depends on the runtime
functions of ANTLR3, which is free software with BSD type license.

The program and its documentation are licensed under the GNU General Public License
version 3, making everyone free to use, study, improve, etc., under certain conditions.

3.2.4 Main principles

3.2.4.1 Design principles

It ismy opinion that it is better to get the functionality and the API right, before you do
agraphical user interface (GUI). It is much easier and logical to put a GUI on top of a
sane AP, then to try to extract API functionality from a program that was never designed
sanely but built around the GUI. (Look at WinZip for agood example of the latter. Or
almost any Windows program, commercial or freeware...)

| have tried to follow the IRP document as closely as possible, in particular with respect
to the grammar and the syntax. However, the Execution model of Chapter 14, turned out
not to be usable.

Performance consideration were given minimal priorities. Asit stands, rendering a
single IR signal typically takes less than 1 ms, so this seems justified. Some debugging
statements are covered by functionally superfluous if-statements in order not to have to
evaluate arguments(t o Stri ng() etc) not needed anyhow.

Everything that isa"time" isinternally represented as a double precision number. Most
output formats however, are in some integer format. | here use the principle of sound
numerics, do all computations with "high precision” (i.e. double precision) aslong as ever
possible, then transform to the lower precision form (i.e. integer formats) only in the final
step.

All "integer quantities' like expressions, are done in Javalong format, 64 bits long,
amounting to 63 bits plus sign. Already the net anec-example would not work with Java
int's. The performance penalty over usingi nt (32 bits) is believed to be neglectable.

Differently put, all parameters are limited to Java's long, and can thus be no larger than
2"63-1 = 9223372036854775807. A real-life protocol where this limit is exceeded is not
known to me.
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Versions prior to 0.2.1 also limited the length of bitfields, also the concatenation of
bitfields, to 64. In version 0.2.1 this restriction has been removed, and arbitrary length
(concatenation of) bitfields are allowed, as long as the parameters are less than 2°63- 1.
(Example: The concatenation of bitfields A: 50, B: 50 produces a concatenated bitfield
of length 100, which is accepted by IrpMaster 0.2.1, but rejected by prior versions.)
(Thanx to 3FG for pointing this out to me.)

| do not have the dlightest interest in internationalization of the project in its present form
— it does not contain a user friendly interface anyhow.

3.2.4.2 Repetitions

Possibly the major difficulty in turning the IRP Specification into programming

code was how to make sense of the repetition concept. Most treatises on IR signals

(for example the Pronto format) considers an IR signal as an introduction sequence
(corresponding to pressing a button on a remote control once), followed by a repeating
signal, corresponding to holding down a repeating button. Any, but not both of these

may be empty. In afew relatively rare cases, there is also an ending sequence, send after
arepeating button has been released. Probably 99% of all IR signalsfit into the intro/
repetition scheme, allowing ending sequence in addition should leave very few practically
used IR signals left. In "abstract” IRP notation, these are of the form A,(B)+,C with A, B,
and C being "bare irstreams’.

In contrast, the IRP notation in this concept reminds they syntax and semantics of regular
expressions. There may be any numbers, and they can even be hierarchical. There
certainly does not appear to be a consensus on how thisvery,... genera ... notation should
be practically thought of as a generator of IR signals. The following, "finite-automaton
interpretation” may make sense: An IRP with several repetitions, say, A(B)+C(D)+E, can
be thought of as a remote control reacting on single and double presses. Pressing the key
and holding it down producesfirst A, then B's as long as the button is pressed. An action
such as shortly releasing the key and immediately pressing it again then sends one C, and
keeps sending D's as long as button is kept pressed. When released, E is sent. Similarly,
hierarchical repetitions (repetitions containing other repetitions) may be interpreted with
some secondary "key" being pressed and/or released while a"primary button™ is being
held down — possibly like a shift/meta/control modifier key on a keyboard or a sustain/
wah-wah-pedal on amusical instrument?

The present program does not implement hierarchical repetitions. However, an unlimited
number of non-hierarchical repetitions are allowed, athough not in the form if the class
IrSignal — it isrestricted to having three parts (intro, repeat, ending). Also, the repetition
pattern (...)* isrejected, because it does not make sense as an IR signal.

The command line interpreter contains an "interactive mode”, entered by the argument

--interacti ve. Thisway theintrinsic finite state machine (see above) inherent in an
I|RP with repetitions can be interactively traversed, probably in the context of debugging.
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3.2.5 Command line usage

3.2.5.1 Installing binaries

There is no separate binary distributions of IrpMaster. The user who do not want to
compile the sources should therefore install the binary distribution of IrScrutinizer, which
contains everything needed to run IrpMaster from the command line. Installing that
package, either the Windows installer or the ZIP file, will install awrapper, which isthe
preferred way to invoke IrpMaster.

3.2.5.2 Usage of the program from the command line

I will next describe how to invoke the program from the command line. Elementary
knowledge of command line usage is assumed.

Thereisalot of functionality crammed in the command line interface. The usage message
of the program gives an extremely brief summary:
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Note that if using the wrapper previously described, it has already added the option - -
config standard_confi |l e tothecommand line.

We will next explain this very brief description somewhat more verbosely:

* Thefirst version simply produces the help message, as per above.

» Thesecond version will will print the versions of the program, and optionally, the
version of the configuration file and the Decodel R dynamic library. The- - ver si on
argument should normally be given last, since it is executed immediately when the
command lineis parsed.

* Thethird version prints the IRP string of the protocol with the given name to the
terminal.

* Intheforth version, a CCF string (or, alternatively, astring in raw format (with
leading "+"), or in UEI learned format) isread in, and, depending on the to the other
options invoked, translated to another format, or sent to Decodel R and/or AnalyzelR.

» Thefifth version differs form the forth version in that an intro-, and optionally a
repeat-, and an ending sequence are explicitly given in raw format, each as a separate
argument. In most shells, this means that they have to be enclose within quotes.

» Thesixth version dumps either the whole IRP data base, or just the protocol given
as argument, to the file name used as the argument to the - - dunp option (use- for
standard outpuit).

* Thesixth version uses the name of an IRP protocol (using the - n or - - nane option),
to be found in the data base/configuration file specified by the- ¢ or - - confi g
option, that protocol is used to render an IR signal or sequence using the supplied
parameters (more on that later).

* Finally, thelast version allows the user to enter an explicit IRP string using the-i or
- -1 r p-option, to be used to render the signal according to the parameters given.

In the simplest and most general form, parameter assignments are made on the command
line in one argument of the type name=val ue. On both sides of the "="-signs, there
should not be any spaces. (More precisely, it isrequired that all assignments are made
within asingle "argument” to the program, which is determined by the command line
interpreter. Thus writing the arguments within single or double quotes, extra spaces can
be parsed.) After named parameters are given (possibly none), up to four "standard"
parameters can be given. These are, inorder D, S, F, and T (which per convention in
the JP1 community stands for "Device", " Subdevice", "Function” (also called OBC or
command number), and "Toggle"). If using -1 as the value, that parameter is considered
as not being assigned. One value without name defaultsto "F, two values defaultsto "D
and 'F, three values defaultsto ‘D', 'S, and 'F, and four to ‘D', 'S, 'F,and 'T', inthe
order given. For example,

E=12 34 -1 56 1

assignsthe value 12 to E, thevalue 34 to D, the value of 56 to F, and 1 to T, while Sis
not assigned anything at all. Parameters can be given not only in decimal notation, but
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also as hexadecimal (using prefix 0x) binary (using prefix Ob or %), or octal (using prefix
0).

If the command line cannot be parsed the usage message will be printed. If you are unsure
of exactly what iswrong, consider issuing"- d 1" (the debug option with argument

1) asthefirst argument on the command line, which may produce more verbose error
messages.

Using the-r or - - r awoption, the output is given in "raw form" (in JP1-Forum jargon,
thisis a sequence of positive numbers (indicating "flashes’, or on-timesin micro seconds)
and negative numbers (indicating "gaps" or off-times, where the absolute value indicates
the duration in micro seconds. Carrier frequency is specified separately). Alternatively,

or additionally, using the- p or - - pr ont o option, output is produced in the so-

called Pronto format, see e.g. this document. Thisformat is popular in severa IR using
Internet communities, like Promixis (known for their (commercial) products Girder and
NetRemote), as well as EventGhost. Optionally, these can be wrapped into an XML
skeleton, offering an ideal platform for trandlating to every other IR format this planet has
encountered. If desired, the output of the program is directed to a particular named file
usingthe-o fil enane or--output fil ename option. (Thereisalso apossibility
(usingthe--i ct or-1 option) to generate output files in IRScope'sict-format, but | am
not sure this was as wise design decision: it may be a better idea to generate additional
formats by post-processing the XML file.)

Preventing intro sequence in repeat sequence

Motivated by this thread in the JP1 forum, | have been thinking over the "correct” way
to render signalsof thistype. .. (...)+.Thisisareal issue, to determine the correct
behavior when e.g. a program is sent the instruction "send the signal one time", and not
an academic question like "keypress shorter than 6ms* or de-bouncing circuitry.

The Pronto notation is normally described as "intro part exactly once, repetition part

if and aslong as the button is held down". |.e., zero or more times. Therfore, IMHO,
thelRP1 ( R) + should properly be rendered as having intro sequencel R, which
iswhat IrpMaster normally does. However, in a sense, this can be considered as ugly,
awkward, and redundant. If | recall properly, thereisaflag in the LIRC configuration
called something like "send_repeat_least_once", which should be exactly what we need.

The option called - - di sr egar d- r epeat - mi ns will make IrpMaster render the intro
sequence without repetition part, dlsointhe. .. (...) + case

3.2.5.3 Iterating over input parameter ranges

Either for generating configuration files for other programs, or for testing, thereisavery
advanced feature for looping over input parameter sets. For all of the parametersto a
protocol, instead of a single value, a set can be given. The program then computes all IR
signal s/sequences belonging to the Cartesian product of the input parameter sets. There
are five types of parameter sets:
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Of course, there isthe singleton set, just consisting of one value
Thereis also apossibility to give some arbitrary values, separated by commas.
Actually, the commas even separate sets, in the sense of the current paragraph.

3. Aninterval, optionally with a stride different from 1, can be given, either as
m n. . max++i ncr ement or m n: max++i ncr enent , or aternatively, smply as
*, which will get the min and max values from the parameter's parameter specs.

4. Also, aset can be given asa: b<<c, which has the following semantics: starting with
a, thisis shifted to the left by ¢ bits, until b has been exceeded (reminding of the left-
shift operator << found in languages such as C).

5 Finally, a: b#c generates c pseudo random numbers between aand b (inclusive).
The "pseudo random" numbers are completely deterministically determined from the
seed, optionally given with the - - seed option. Asof version 0.2.2 a and b> are
optional. If left out, the values are taken as from the protocol parameters min and max
respectively, just aswith the* form.

Seethetest filet est . sh (includein the distributions) for some examples. Of course,
using the command line, some of the involved characters, most notably the *, has a
meaning to the command line interpreter and may need "escaping” by a backslash
character, or double or single quotes.

Thereisalso an option, denoted -# or - - r epet i ti ons taking an integer argument,
that will compute that many "copies' of the IR signal or sequence. This may be of interest
for signals that are non-constant (toggles being the simplest example) or for profiling the
program.

3.2.5.4 Debugging possibilities

There are anumber of different debug parameters available. Use- d or - - debug with
"?" asargument for alisting:

$ java -jar IrpMaster.jar --debug ?

Debug options: Min=1, Configfile=2, |rpParser=4, ASTParser=8, NaneEngi ne=16,
Bi t Fi el ds=32, Paranet er s=64, Expressi ons=128,

I rSignal s=256, IrStream tens=512, Bit Spec=1024, Decodel R=2048, |r Streans=4096,

Bi t St reanr8192, Eval uat e=16384

For every debug option, there is an integer of the form 2*n associated with it. Just add

the desired numbers together and use as argument for the - d or - - debug command.
There are also commands for debugging the parsed version of the IRP: Notably the - -
stringtree fil ename option (producesaLlSP-like parsed representation of the so-
called AST (abstract syntax tree)). - - dot fi | enane produces adot-file, that can be
translated by the open-source program dot contained in the Graphviz project, producing
anice picture (e.g. in any common bitmap format) of the current IRP protocol, and - -
xm protocol fil ename producingan XML representation. It may be possible

in the future to use any of these representations to e.g., write a C code generator for a
particular protocol.
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Some of the classes contain their own main methods (for those not familiar with the Java
jargon: these can be called as programs on their own) allowing for both debugging and
pedagogical exploration, together possibly with other possibilities. In particular, this goes
for the Expression class, One day | am going to document this...

java -classpath IrpMaster.jar org. harctool box.|rpMaster. Expression -d 'a + b
*c**#d' {a=12, b=34, c=56, d=4}

(+a(* b (* c (BITCOUNT d))))

1916

3.2.5.5 Third-party Java archives (jars)

For the Decodel R-integration, IrpMaster requires a small support package,

Decodel R jar, which is distributed together with IrpMaster. It consists

of the compiled Decodel RCal | er . j ava from DecodelR (full name

com hi firenote. decodei r. Decodel RCal | er. cl ass), and

com hifirenote. Li braryLoader. cl ass from RemoteMaster, which isalso
free software. To get rid of some (in this context) annoying messages, it was necessary

to create a (very) lightly modified version, which can be found on the download page.
IrpMaster also requires the runtime libraries of the parser generator ANTLR, whichis
also free software but licensed under a BSD-License. | distribute the whole (binary)
packageant | r - 3. 4- conpl et e. j ar . (No usable "runtime version" is known to me.)

3.2.6 Extensions to, and deviation from, IRP semantic and syntax

3.2.6.1 Parameter Specifications

In the first, now obsolete, version of the IRP notation the parameters of a protocol had

to be declared with the allowed max- and min-value. Thisis not present in the current
specification. | have reinvented this, using the name parameter_spec. For example, the
well known NEC1 protocol, the Parameter Spec reads: [ D: 0. . 255, S: 0. . 255=255-
D, F: 0. . 255] . (D, S, and F have the semantics of device, sub-device, and function

or command number.) This defines the three variables D, S, and F, having the allowed
domain the integers between 0 and 255. D and F must be given, however, S has a default
value that isused if the user does not supply avalue. The software requires that the values
without default values are actually given, and within the stated limits. If, and only if, the
parameter specs isincomplete, there may occur run-time errors concerning not assigned
values. It isthe duty of the IRP author to ensure that all variables that are referenced
within the main body of the IRP are defined either within the parameter specs, defined
with "definitions" (Chapter 10 of the specification), or assigned in assignments before
usage, otherwise a run-time error will occur (technically an Unassi gnedExcepti on
will be thrown).

The preferred ordering of the parametersis: D, S (if present), F, T (if present), then the
rest in alphabetical order,
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The formal syntax is as follows, where the meaning of the'@' will be explained in the
following section:

par amet er _specs:
'"[' paranmeter_spec (',' paranmeter_spec )* ']1" | '[" ']’

par amet er _spec:
nane ':' nunber '.' '.' h=nunber ('=' i=bare_expression)?
| nane '@ ':' nunber '.' '.' nunber '=' bare_expression

3.2.6.2 The GeneralSpec

For the implementation, | allow the four parts (three in the original specification) to be
givenin any order, if at al, but | do not disallow multiple occurrences — it is quite hard
to implement cleanly and simply not worth it. (For example, ANTLR does not implement
exclusions. The only language/grammar | know with that property is SGML, which is
probably one of the reasons why it was considered so difficult (in comparison to XML) to
write a compl ete parser.)

Persistency of variables

Graham, in the specification and in following forum contributions, appears to consider

al variablesin aIRP description asintrinsically persistent: They do not need explicit
initialization, if they are not, they are initialized to an undefined, random value. This may
be areasonable model for a particular physical remote control, however, from a scientific
standpoint it isless attractive. | have away of denoting a variable, typically atoggle of
some sort, as persistent by appending an " @" to its name in the parameter specs. An
initial value (with syntax as default value) is here mandatory. It is set to itsinitial value
by the constructor of the Protocol class. Calling the renderlrSignal(...) function or such

of the Protocol instance typically updates the value (as given in an assignment, a0-1
toggle goeslike T=1-T). As opposed to variables that has not been declared as persistent,
it (normally) retains its value between the invocations of renderlrSignal(...). A toggleis
typically declared as[ T@ 0. . 1=0] inthe parameter specs.

Comments and line breaks

Commentsin the C syntax (starting with / * and ended by */ ) are allowed and ignored.
Line breaks can be embedded within an IRP string by "escaping” the line break by a
backslash

Data types

The IRP documentation clearly states that the carrier frequency is areal number, while
everything elseisintegers. Unfortunately, users of the IRP notation, for examplein
the Decodel R.html document, has freely used decimal, non-integer numbers. | have
implemented the following convention: Everything that has a unit (second or Hz),
durations and frequency, are real numbers (in the code doubl e precision numbers).
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Extents

The specification writes " An extent has a scope which consists of a consecutive range

of items that immediately precede the extent in the order of transmission in the signal. ...
The precise scope of an extent has to be defined in the context in which it isused.”, and, to
my best knowledge, nothing more. | consider it as specification hole. | have, starting with
IrpMaster 0.2.2, implemented the following: Every extend encountered resets the duration
count.

Multiple definitions allowed

It turned out that the preprocessing/inheritance concept necessitated allowing several
definition objects. These are simply evaluated in the order they are encountered, possibly
overwriting previous content.

Names

Previous programs (makehex, makel earned) have only allowed one-letter names.
However, in Decodel R.html there are some multi-letter names. The IRP documentation
allows multi-letter names, using only capital letters. | have, admittedly somewhat
arbitrarily, extended it to the C-name syntax: L etters (both upper and lower cases) and
digits allowed, starting with letter. Underscore " " counts as letter. Case is significant.

Also there are afew predefined, read-only variables, mainly for debugging, although
apractical useis not excluded. To distinguish from the normal, and not to cause name
collision, they start by adollar sign. Presently, these are: $count (numbersthe call
toar ender * - () -function, after the constructor has been called), $pass (Requested
passin a- - pass-argument, (or from API call), not to be confused with the following),
$st at e (current state (intro=0, repeat=1, ending=2,...) of parsing of an IRP),

$fi nal _state (undefined until the final state has been reached, then the number of
thefinal state). For example, the OrtekMCE example{ . . . } <. .. >([ P=0] [ P=1]
[P=2],4,-1,D:5,P.2,F.6,C 4,-48m +[ .. .] could bewritten with $st at e
as(4,-1,D 5, $state: 2, F: 6, C 4, - 48n) + (disregarding last frame).

GeneralSpecs, duty cycle

Without any very good reason, | allow aduty cyclein percent to be given within the
General Spec, for exampleas{ 37k, 123, nsb, 33% . Itiscurrently not used for
anything, but preserved through the processing and can be retrieved using API-functions.
If some, possibly future, hardware needs it, it is there.

Namespaces

There is adifference in between the IRP documentation and the implementation of the
Makehex program, in that the former has one name space for both assignments and
definitions, while the latter has two different name spaces. IrpMaster has one name space,
as in the documentation. (Thisisimplemented with the NameEngi ne class.)
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Shift operators (not currently implemented)

It has sometimes been suggested (see this thread) to introduce the shift operators "<<" and
">>" with syntax and semanticsasin C. Thisfar, | have not done so, but | estimate that

it would be avery simple addition. (The reader might like to have alook at my example,
which possibly would have been more naturally expressed with left shifts than with
multiplication with powers of two.)

Logical operators (also not implemented)

In particular in the light of current discussion on the F12 protocol, in my opinion more
useful would be the logical operators &%, ||, and ?: , having their short circuiting
semantics, like in languages such as C, Perl,..., but unless, e.g. Pascal. Recall, the
expression A && Bisevauated asfollows: First Ais checked for being O or not. If O,
then O isreturned, without even evaluating B. If however, A is nonzero, B is evaluated,
possibly to a"funny” type and is returned. The F12 protocol (cf. the latest version 2.43
of Decodel R.html) could then probably be written like<. . . >(i nt r osequence,
(H && repetitionsequence*)) or<...>(H ? | ongsequence+ :
short sequence).

BitCount Function

Generdly, | think you should be very reluctant to add "nice features’ to something like
IRP. However, in the applications in Decodel R.html, the phrase "number of ones’,

often modulo 2 ("parity"), occurs frequently in the more complicated protocols. Thisis
awkward and error prone to implement using expressions, for example: F: 1 + F: 1: 1
+ F1:2 +F1:3+F1.4 + F1:5 + F:1: 6 + F: 1: 7. Instead, | have
introduced the BitCount function, denoted by "#". Thus, odd parity of F will be #F%.,
even parity 1- #F%2. It isimplemented by translating to the Java L ong.bitCount-function.

3.2.6.3 Preprocessing and inheritance

Reading through the protocols in Decodel R.html, the reader is struck by the observation
that there are afew general abstract "families’, and many concrete protocol are "special
cases'. For example al the variants of the NEC* protocols, the Kaseikyo-protocols, or
the rc6-families. Would it not be elegant, theoretically as well as practically, to be able to
express this, for example as akind of inheritance, or sub-classing?

For aproblem like this, it is easily suggested to invoke a general purpose macro
preprocessor, like the C preprocessor or m4. | have successfully resisted that temptation,
and am instead offering the following solution: If the IRP notation does not start with

"{" (asthey all haveto do to confirm with the specification), the string up until the first
"{" istaken as an "ancestor protocol", that has hopefully been defined at some other place
in the configuration file. Its nameis replaced by its IRP string, with a possible parameter
spec removed — parameter specs are not sensible to inherit. The process is then repeated
up until, currently, 5 times.
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The preprocessing takes place in the class IrpMaster, in its role as data base manager for
IRP protocols.

Example

This shows excepts from avirtual configuration file. Let us define the "abstract” protocol
nmet anec by

[ protocol ]
name=net anec
i rp={38. 4k, 564}<1,-1|1,-3>(16,-8, A:32,1,-78,(16,-4,1,-173)*)[A: 0. .4294967295]

having an unspecified 32 bit payload, to be subdivided by its "inherited protocols’. Now
we can define, for example, the NEC1 protocol as

[ protocol ]
name=NEC1
i rp=netanec{A = D | 2**8*S | 2**16*F | 2**24*(~F:8)}[D: 0.. 255, S: 0..255=255-D, F: 0. . 255]

As can be seen, this definition does nothing else than to stuff the unstructured payload
with D, S, and F, and to supply a corresponding parameter spec. The IrpMaster class
replaces "nmet anec" by { 38. 4k, 564} <1, -1| 1,-3>(16, -8, A: 32,1, - 78,
(16,-4,1,-173) *) " (note that the parameter spec was stripped), resulting in an IRP
string corresponding to the familiar NEC1 protocol. Also, the "Apple protocol” can now
be formulated as

[ protocol ]

nane=Appl e

i rp=netanec{A=D | 2**8*S | 2**16*C:1 | 2**17*F | 2**24*Pair|D} \
{ C=1- (#F+#Pai r | D) %, S=135} \

[D:0..255=238, F: 0..127, Pai rl D: 0. . 255]

The designisnot cast iniron, and | am open to suggestions for improvements. For
example, it seems reasonable that protocols that only differ in carrier frequency should be
possible to express in a concise manner.

3.2.6.4 The Configuration file/IRP protocol database

Thereis presently not a"official" IRP database. MakeHex comes with a number of
protocol fileswith the . i r p-extension, but that is another, obsolete and much less
powerful format. Makel eaned aso comes with a number of "irp-files’, in the new format,
but incomplete. The Decodel R.html-file presently comes closest: it has a number (upper
two-digit) of IRPs, however, often not even syntactically confirming to the specification,
and often with the description of the protocol at least partialy in prose ("C is the number
of ..."), parseable only by humans, not by programs.

Possibly as an intermediate solution, | invented thel r pPr ot ocol s. i ni file. Thisfile
has a format similar to ini-files under Windows. For every protocoal, it contains name and
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an IRP-string, possibly also a documentation string. The latter can, in principle, contain
HTML elements, i.e. it can be an HTML fragment.

3.2.6.5 Syntax and semantics of the IrpProtocols.ini file

Every protocol is described in a section starting with the key [ pr ot ocol ] . Then there
are afew keywords describing different properties:

* nane The name of the protocol. Thisisfolded to lowercase for searches and
comparisons.

e irp ThelRP string representation. This may continue over severa linesif the line
feeds are escaped by a backslash ("\"), i.e. having the backspace as last character on
theline.

Other keywords are allowed, but ignored. Then, optionally, there may be a section
[ docunent at i on] , that, in principle, could contain e.g. an HTML-fragment. The
documentation section continues until the next [ pr ot ocol ] isencountered.

3.2.6.6 Requirements for an IRP data base

| have created the present | r pPr ot ocol s. i ni by hand editing the Decodel R.html-
file. I would welcome if the community can settle for one endorsed format for such a data
base. It can be onefile, or many files: One file per protocol is easier for the developer, in
particular if several developers are using aversion management system (with or without
file locking), but less convenient for the user.

It would be highly desirable in the future to be able just to maintain one file (or set of
files). Some possibilities for this are:

1. Have one master file, for example in XML format, that after preprocessing generates
both Decodel R.html, and a protocol description file. There is also the possibility of
having aprogram like IrpMaster parsing the master file directly.

2. Extend pr ot ocol . i ni ("belonging to RemoteMaster") with the IRP information.

L eaves the problem of duplicated "documentation” between Decodel R.html and
protocols.ini.

3. Formalizing the IRP-Strings within Decodel R.html, e.g. by using div or span
elements with class-attributes, (and formatting with, for example, better CSS style
sheets) so that the IRP information can be unambiguously read out.

3.2.6.7 Integration with DecodelR

Optionally (when installed and selected with the - - decodei r option) the computed IR
signal is sent to Decodel R, to check Decodel R's opinion on the nature of the signal. This
gives amagnificent possibility for automated tests, not only of the present program, but
also of DecodelR. Note in particular that there are very advance possibilities for testing
not only asingle signal, but for testing whole ranges of signals, alist of signals, "random"

Page 154


http://forrest.apache.org/
http://forrest.apache.org/

HARCToolbox

inputs, equidistant inputs, or inputs achieved by shifting, see the section on parameter
iterating.

The shared library is sought first in architecture dependent sub-directories, like in
RemoteMaster, . \ wi ndows on Windows, . / Li nux- and64 and . / Li nux-i 386 on
64- and 32-bit Linux respectively, etc, then in system libraries, for example given on the
command lineto the JavaVM, using the- Dj ava. | i brary. pat h= option.

Thereis somefairly hairy programming in Decodel R. j ava for identifying some
different cases.

The enclosed script t est . sh runsunder a Unix/Linux shell such as bash or sh. It
should also run within Cygwin on Windows. It does not run with the standard Windows
command line interpreter. Note that it might need some adjustment of file paths etc.

Possibly because | did not find any more logical way to dispose it, the current distribution
contains a class (with main()-method) named Evaluatel og that can be used to evaluate
the output of the above script. Use like

java -cl asspath IrpMaster.jar |rpMster/Eval uatelLog protocols. | og

3.2.7 The API

The Java programmer can access the functionality through a number of API functions.

Theclass| r pMast er isthe data base manager. The classisimmutable, constructed
from afile name (or an InputStream), and can deliver assorted pieces of information
from the data base. Most interesting isthe newPr ot ocol () -function that generates a
Protocol-object from parsing the |RP-string associated with the requested protocol name.
It contains avery elaborate mai n( ) -function for command line use -- strictly speaking
thisis"the program" that is described herein. Actually, that mai n(') -function does not
necessarily belong to the | r pMast er class, but could be located somewhere else.

Instances of the Protocol class are constructed (essentially) from a String, containing the
|RP representation to be parsed. Once constructed (and | RP-String parsed), the Protocol
instances can render IrSignals and IrSequences for many different parameter values. This
isdonewithther ender (...) andrenderlrSi gnal (...) functions, producing

| r Sequences and | r Si gnal s respectively:

Anl r Sequence isasequence of pulse pairs. It does not know weather it is supposed
to repeat or not. In contrast, an | r Si gnal has oneintroductory | r Sequence, one
repetition | r Sequence (either, but not both, of these can be empty), and an (in most
cases empty) ending | r Sequence.

The API is documented in standard Javadoc style, which can be installed from the source
package, just like any other Java package. For the convenience of the reader, the Javadoc
APl documentation is also available here.
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3.2.7.1 Example of APl usage

Thetask is to write acommand line program, taking, in order, the configuration file
name, a protocol name, a device number and a function/command/obc number, and send
the corresponding IR signal to a Global Caché GC-100-06 networked | R-transmitter,
having IP address 192.168.1.70, using its IR Port 1. For this, we use the Global Caché
functionality of the HarcHardware, which is also GPL -software written by myself. This
task is solved with essentially just afew lines of code.

3.2.8 References

1. IrScrutinizer. A program, also by myself, than, among other things, provides a user
friendly GUI for IrpMaster.

2. IrMaster. A program, aso by myself, than, among other things, provides a user
friendly GUI for IrpMaster.

3. Specification of IRP Notation, Graham Dixon. Also in PDF version for download. A
very thorough specification.

- Discussion thread on the |RP documentation

5 DecodelR.html. (Thelink points to aslightly nicer formatted wiki page, though).
Contained within the current distribution of Decodel R. Subversion repository.

6. Makehex. Source, binary. A functional predecessor of the present program. Operates
on a predecessor of the current version of the IRP. Written in C++, also available as
DLL (within thefirst link). Java translation by myself.

7. Makel eaned. Windows, binary only, source unavailable. GUI only, no API. Not
maintained since 2005. Almost certainly incomplete with respect to current IRP
specification. Discussion thread in JP1-Forum.

3.3 IrMaster documentation

Development of this program has been discontinued. It has been superseeded by IrScrutinizer,
offering much more functionality.

Warning:
Sending undocumented IR commands to your equipment may damage or even destroy it. By

using this program, you agree to take the responsibility for possible damages yourself, and not to
hold the author responsible.

3.3.1 Revision history

2011-10-23 Initial version.

2012-04-14 Many minor fixes and updates for the upcoming
0.1.2. (version not published)
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2012-04-24 Converted to the document format of Apache
Forrest. The program documentation is now
generated from that file.

2012-06-06 Updated for upcoming version 0.2.0. Many minor
impovements. Plotting and Audio new.

2012-08-19 (Not) updated for upcoming version 0.3.0.

2012-11-18 Updated for upcoming version 0.3.1.

2014-01-27 Updated for upcoming version 1.0.0.

3.3.2 Introduction

Thisiswhat the program can do: From a data base of known IR signals

"recepies’ (known as the IRP-notation, essentially corresponding to the collected know-
how of the community in machine readable form), IR signals corresponding to certain
parameter values can be computed. Export filesin different formats can be generated,
for usage of other programs. For this, two aternative renders (my own IrpMaster as well
asthe older Makehex) are available. By using the clipboard, IR signals in Pronto format
(for example from Internet articles) can be directly sent to the analyzers AnalyzelR and
DecodelR. An entered or computed signal can be sent proper hardware, or plotted. For
investigating possible non-documented IR signals of owned equipment, a"war dialer" can
send whole parameter regions of IR signals. For the latter possibilities, hardware support
in the form of GlobalCaché, IRTrans, aLIRC server, or an IR-audio setup, isrequired. A
simple calculator intended for simple computations on IR signal timingsis provided.

This program is not a"program with aGUI", nor isit a GUI for a particular program.
Rather, it isa"Meta program", offering a GUI for a number of IR related programs,
presently IrpMaster (advanced IR rendering program by myself), Makehex (older IR
rendering program), Decodel R (triesto identify an IR signal), and AnalyzelR (whichis
my name of the Analyze-Function of the Exchangel R-Library), and the PtPlot library
used for plotting of IR signals. Future extensions to other, possibly not yet written,
programs are possible.

Note that | have written two different programs with quite similar names. IrMaster, the
present one, a GUI, and IrpMaster, alibrary and a command line program, an IR signal
render, but without a GUI. Please do not confuse.

In the sequel, the word "the program” will denote either the "shell” IrMaster, or the GUI
together with its "clients" IrpMaster, Makehex, Analyzel R, and DecodelR, as is hopefully
clear from the context.

For someone with knowledge in the problem domain of IR signals and their
parameterization, this program is believed to be very simple to use. Thisknowledgeis
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assumed from the reader. Other can acquire that knowledge either from the JP1 Wiki or,
e.g., thislink.

Note that the screen shots are included as illustrations only; they may not depict the
current program completely accurately. They come from different versions of the
program, using different platforms (Linux and Windows), and using different "look and
feels'.

The present document is written more for compl eteness than for easy accessability.
Possibly, in the future, there will be a user's manual as well as areference manual.

Release notes for the current version.

3.3.2.1 Copyright and License

The program, as well as this document, is copyright by myself. My copyright does

not extend to the embedded "components’ Analyze, Makehex, Decodel R, and PtPlot.
Makehex was written by John S. Fine (see LICENSE_makehex.txt), and has been
translated to Java by Bengt Martensson. Exchangel R was written by Graham Dixon

and published under GPL 3 license. Its Analyze-function has been translated to Java

by Bengt Martensson. Decodel R was originally written by John S. Fine, with later
contributions from others. It is free software with undetermined license. PtPlot is a part

of the Ptolemy Project at the EECS department at UC Berkeley, licensed under the UC
Berkeley copyright. IrpMaster is using ANTLR3.4 and depends on the run time functions
of ANTLRS3, which isfree software with BSD license.

The "database file" IrpProtocols.ini is derived from Decodel R.html, thus | do not claim
copyright.

Themai n() method of the Wave class uses JCommander by Cédric Beust to parse the
command line argument. (Likely, I will use it much more in the future.) It is free software
with Apache 2 license.

Icons by Everaldo Coelho from the Crystal project are used; these are released under the
LGPL license.

The Windows installer was built with Inno Setup, which is free software by Jordan
Russel. To modify the user's path in Windows, the Inno extension modpath by Jared
Breland, distributed under the GNU L esser General Public License (LGPL), version 3.

The program and its documentation are licensed under the GNU General Public License
version 3, making everyone free to use, study, improve, etc., under certain conditions.

3.3.2.2 Privacy note

Some functions (Help -> Project Homepage, Help -> IRP Notation Spec, Help ->
Protocol Specs, Tools-> Check for updates) access the Internet using standard http calls.
This causes the orginating machine's | P-address, time and date, the used browser, and
possibly other information to be stored on the called server. If thisis a concern for you,
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please do not use this (non-critical) functionallity (or block your computer's internet
access).

3.3.3 Installation

3.3.3.1 General

IrMaster, and all but one of its third-party additions, are written in Java, which means
that it should run on every computer with a modern Javainstalled; Windows, Linux,
Macintosh, etc. Java 1.6 or later isrequired. The one exception is Decodel R, which is
written in C++, and invoked as ashared library (. dI | in Windows, . so in Linux, €tc).
If DecodelR is not available on your platform it is not amajor problem, as IrMaster will
work fine without it; just the Decodel R-related functions will be unavailable.

There is unfortunately no good make i nst al | or such in the source distribution, so
also source code distribution users are recommended to install the binary distribution.
Also, al necessary third-party components are included in the binary distribution.

Both under Windows as well as under other operating systems, IrMaster (and IrpMaster)
behave civilized, in that they do not write in the installation directory after the initial
installation. In both cases (in contrast to the source distribution), the distribution contains
everything needed including third party libraries like Decodel R, AnalyzelR, MakeHex
(Javaversion) and itsirp-files.

Under Windows, the properties are stored in 9. OCALAPPDATA% | r Mast er
\'IrMaster. properties.xm using Windows Vistaand later (on

my Windows 7 system, thisis %1OVE% AppDat a\ Local \ | r Mast er

\'IrMast er. properties. xm ), otherwisein ¥APPDATA% | r Mast er

\'IrMast er. properties. xm . Using other operating systems, it is stored under
$HOVE/ . i rmast er. properti es. xm . Itisnot deleted by uninstall. (If weird
problems appear when updating, try deleting thisfile.)

3.3.3.2 Windows

Download the Window setup file, save, and double click. Accept the license. Select any
installation directory you like; suggested isC. \ Program Fi | es\ | r Mast er . Unless
reason to do so, create the start menu folder, the desktop icon, and allow the program

to add the application directory to your path (for IrpMaster as command line program).
Administrator rights are probably needed, at least if you are installing in adirectory

like Progr am Fi | es. (The should not be needed otherwise, but Windows Vista and
later are always good for asurprise...) IrMaster can now be started from St art - >

| r Master -> |rMast er, or from the desktop icon.

To uninstall, select the uninstall option from the Start menu. Very pedantic people may
like to delete the properties file too, see above.
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3.3.3.3 MacOSX

Download and double click the binary distribution. Unpack it to a directory of your
choice, e.g. on the desktop. Just double clicking the file IrMaster.jar should now start
the program. Otherwise, try the "Other systems" instructions and adapt the wrapper
irmaster.sh. This also includes invoking as command line program "lrpMaster”.

3.3.3.4 Other systems (Linux etc)

For some reason, double clicking an executable jar file in my Gnome installation does
not start the program, but starts a browser for the jar file (which isreally aform of Zip-
Archieve). Instead:

Create an installation directory (suggestion; / usr/ | ocal /i r mast er ), and unpack the
current binary distribution therein. Examine the wrapper i r mast er . sh, and, if desired,
make desired changes to it with your favorite text editor. Then make two symbolic links
from adirectory in the path (suggestion; / usr/ | ocal / bi n to the newly installed

i rmast er. sh,usingthenamesi r mast er andi r pmast er . Example (using the
suggested directories)

cd /usr/local/bin
In -s ../irmaster/irmaster.sh irmaster
In -s ../irmaster/irmaster.sh irpnaster

(su (or sudo) may be necessary to install in the desired locations.)

To uningtall, just delete the files. Very pedantic people may like to delete the properties
file too, see above.

3.3.3.5 Wrapper for IRPMaster

Both under Windows and Unix-like systems, awrapper for the command line program
IrpMaster isinstalled. The user can simply open a command window (called anything like
"xterm", "Termina", "Shell", "DOS-Box", "cmd",...) and in that command window can
call the program IrpMaster by ssimply typing i r pmast er, followed by its arguments.

See the screen shot below, that shows the generation of the Pronto form of aNECL signal
for device 12, subdevice 34, command number 56, together with subsequent invocation

of Decodel R on the computed result. (The output on non-windows system is entirely
similar.)
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B C\Windows'system3Zicmd.exe =

Microsoft Windows [Verzion 6.1.76HH]
Copyright <c> 2887 Microsoft Corporation. Alle Rechte vorbehalten.

m| »

C:sUserssbengt >irpmaster —p ——decodeir necl 12 34 56

libraryFolder=C:xUsers bengtsUindows

Loading C:sUserssbhengtWindowssDecodelR.d11l

Loading DecodelR

Loaded DecodelR

Device GCode: 12.34 Function: 56

HAAR AALC BAA22 AAARZ2 A1S5B AAAD ARG ARG ARlG AAle ARlG AA4d BAA16 BA41 AAl6 AA16
BAl6 BA16 BA1l6 BAl6 BAle BAlG6 BAl6 ABl6e AAle BO41 AOl6 BE1l6 BE1l6 BAlG6 BAl6 BOA16
BAl6 BA41 BA16 BA16 BAle BAl6 BAl6 HEl6e BEle BE1le BU1l6 BE16 BE16 BA41 BA16 BA41
BAl6 BA41 BA16 BAle BAle BAl6 BAl6 BE41 BAE1l6e BE41 BE16 BE41 BE16 BAl6 BE16 BO16
BAl6 BA16 BA16 VA4l BAle BA41 BA16 B69? A15E BE5Y BU1l6 BEA3

DecodelR result: success

C:sUserssbengt >

3.3.4 Usage

As stated previously, for anyone familiar with the problem domain, this programis
believed to be easy to use. Almost all user interface elements have toolhelp texts. In
what follows, we will not attempt to explain every detail of the user interface, but
rather concentrate on the concepts. Furthermore, it is possible that new elements and
functionality has been implemented since the documentation was written.

This program does not disturb the user with a number of annoying, often modal, pop ups,
but directs errors, warnings, and status outputs to the console window, taking up the lower
third of the main window. Starting with version 0.2.0, thiswindow isresizeable. Thereis
a context menu for the console, accessible by pressing the right mouse button in it.

In the upper row, there are four pull-down menus, named File, Edit, Options, and Help.
Their usage is believed to be self explanatory, with the exception of the entriesin the
Options menu. The latter mimics the Options subpane, and are explained | ater.

The main window is composed of presently two sub panes denoted by "IR Protocols’ and
"Hardware" respectively. These will be discussed now.

3.3.4.1 The "IR Protocols" pane

In the upper third of this pane, arender program (IrpMaster or Makehex) can be selected,
together with the IR protocol identified by name, and the parameters D ("device", in
amost al protocols), S ("sub-device", not in all protocols), F ("function”, also called
command number or obc, present in almost all protocols), aswell as"T", toggle (in
general O or 1, only in afew protocols). These number can be entered as decimal
numbers, or, by prepending "0x", as hexadecimal numbers. Note that the supported
protocols are different between the different rendering engines. Not all possibilities of
IrMaster are available when using the smpler render Makehex.
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The lower two thirds of the window is occupied by another pane setup, consisting of the
sub-panes"Analyze', "Export”, and "War diaer".
The "Analyze" pane

File Edit Options Help
fIR Protocols r()utput HW rIRcaIc rom_iuns |

Renderer Protocol S F T Additional Parameters

D
|Ir|JMasler|"| ‘"“1 "| ‘ ‘ ‘ | ‘ | | ‘ | ‘

Analyze |/E:-c|mrt rWar Dialer |

{38.4k,564}<1,-1]1,-3>(16,-8 D:8,5:8,F8,~F:8,1,-78,{16,-4,1,-173)") [D:0..255,5:0..255=255-D,F.0..255]

Render
Global...

= W
[
=
=

Decode
Send
Analyze

Stop
Clear

Plot

el

By pressing "Render”, the signal is computed, and the middle window is filled with
the Pronto representation of it. Pressing "Decode” sends the Pronto representation to
DecodelR. Pressing "Analyze" sendsit to AnalyzelR. In both cases, the programs will
send their output to the console window, as can be seen below.
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File Edit Options Help
l/IR Protocols |/0ut|1ut HW |/IR|:aI|: |/0|1tiuns |

Renderer Protocol D 5 F T Additional Parameters

|Ir|1Master|v‘ |nec1 |vH12 H34 HSG || | ‘ |

l/Analyrze |/E:-(|mn |/War Dialer |

IRP G4}<1,-1|1,-35(16,-8,0:8,5:8,F8,~F8,1,-78,(16,-4,1,-173y) [D:0..255,5:0. 255=255-D,F:0..255]
|GluhaICache |v| 0000 006C 0022 0002 015B O0AD 0016 0016 0016 0016 —
0016 0041 0016 0041 0016 0016 0016 0016 0016 0016 =
ﬂ 0016 0016 0016 0016 0016 0041 0016 0016 0016 0016 :
0016 0016 0016 0041 0016 0016 0016 0016 0016 0016 mpor...
0016 0016 0016 0016 0016 0041 0016 0041 0016 0041
| send \0016 0016 0016 0016 0016 0041 0016 0041 0016 0041 Decode
: 0016 0016 0016 0016 0016 0016 0016 0041 0016 0041
| Stop \0016 0699 0158 0057 0016 OEA3 Analyze
Clear
Plot

protocol = MECL, device = 12, subdevice = 34, obc = 56
Anakyzer result: {28.4k,573, mshbi<1,-1]1,-3>(16,-8,A4322,1,4108m,(15,-4, 1,4 1 L0m)+{A=F2044 1ca3}

Using context menus, the result can be sent to the clipboard or saved to afile, after
invoking afile selector. It is also possible to fill the code window by pasting from the
clipboard. Pressing the "Import" button allows to import to import a wave file (see this
for abackground) or afileinict-format, for example from the IRScope-Program. The
imported IR sequence can be subsequently Decode-d, Plot-ted, and Analyze-d, etc. Note
that an ICT file produce by IRScope may contain severa IR signals, which cannot be
easily separated. They will be imported as one giant signals, with all the gaps and spaces
concatenated together. Thisis aflaw in the IRScope program.

By pressing the "Plot" button, either an IR signal in the CCF window, or a newly
rendered signal corresponding to the selected parameters, is shown in a popup plot
window, using the PtPlot library.
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File Edit Special

necl: =12 F=56 5=34 @E@@

onf —

Off

O.IO 0.I2 0.I4 0.I6 O.IS 1.I0 1.I2 1.I4 1.I6 1.I8 2.IO 2.I2
fime in micro-seconds %10

Using its own controls, the plot can be zoomed (press left button and drag), printed,

or exported to encapsulated PostScript. Once created, it cannot be changed (other than

zooming, resizing etc), just closed. However, an "unlimited" number of such popup
windows are possible.

Theright part of the middle window allows for sending the code in the code window to
hardware, presently Global Caché, IRTrans, or LIRC (requires a patch), or an audio-IR-
setup, any number of times the user desires. These run in their own threads, and can be
stopped anytime.

In all cases, if the CCF window is non-empty and starts with "0000", Decodel R/Analyze
operates on the actual Pronto code, which may even be manually manipulated by the user.
If it start with a"+"-character, it is attempted to interpret it asa'"raw" signal, consisting
of anumber of gapsin pulses, given in microseconds. If it consists of a number of
hexadecimal two-digit numbers, it is attempted to interpret the signal as a UEI learned
signa.

If the window is empty, new signal is rendered according to the parameters, and
subsequently used for sending or plotting. There isthus no need to "render" before
plotting or sending.

In rare cases, transforming the signal to the Pronto format may introduce some rounding
errors causing Decodel R to fail to indicate some IR signalsit would otherwise identify.
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The Export pane

File Edit Options Help
[ IR Protocols | Output HW | IRcalc | Options |

Renderer Protocol D S F T Additional Parameters

IrpMaster| v | |nect | ‘12 | |O}{34 | ‘0 | |:

Analyze | Expornt |/Wa|' Dialer |
Ending F Ox7T

Export Format n Raw [¢] Pronto

Export directory |,.-'tmp,.-'expnr‘ts | ‘ | | Open |
0
Automatic File Names | View Export |

Exporting to Jimp/expors/necl_12_52_2012-04-20_13-03-3 L.txt

Using the export pane, export files can be generated. These allow e.g. other programs to
use the computed results. Using IrpMaster as rendering engine, exports can be generated
in text files, XML files, LIRC-format, Lintronic-format, or as Wave-files, the first two
both in Pronto format and in "raw" format (timings in microseconds, positive for pulses,
negative for gaps). The XML export isintended as a starting point for generate yet other
formats, by invoking easily written transformations on it. In this article | demonstrate
how to generate C code from it using XSLT transformations. The LIRC-exportsarein
lirc.conf-format using the raw format. They can be concatenated together and used as the
LIRC server database, typically / et c/lirc/lircd. conf.Of courses, they can aso
be used with WinLirc. For the wave-export, parameters are "inherited" from the Output
HW/Audio pane. Options for the wave-export, as well as some of its usage, is explained
there. Optionally, for protocols with toggles, both toggle pairs may optionally be included
in the export file by selecting the "Generate toggle pairs'-option. Export file names are
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either user selected from afile selector, or, if "Automatic file names" has been selected,
automatically generated.

The export is performed by pressing the "Export" button. The"..."-marked button allows
for manually selecting the export directory. It is recommended to create a new, empty
directory for the exports. The just-created export file can be immediately inspected by
pressing the "View Export”-button, which will open it in the "standard way" of the used
operating system. The "Open" button similarly opens the operating systems standard
directory browser (Windows Explorer, Konquistador, Nautilus,...) on the export directory.

The export formats Wave and Lintronic export an IR sequence rather than an IR signal
(consisting of an intro sequence, an repetition sequence (to be included O or more times),
and an (most often empty) ending sequence). Therefore, using the Wave and Lintronic
formats, the number of repetition sequences to include can be selected.

The "War Dialer" pane

File Edit Options Help
l’lR Protocols |/0ut|1ut HW |/IR|:aI|: |/0|1tiuns |

Renderer Protocol D Additional Parameters

S F T
|Ir|1Master|v‘ |r|:5 |v‘ ‘0 | ‘U |—_|j |

fAnaIvze |/E:~:|mr1. rWar Dialer |

IR Device GlobalCache |+

Ending F ﬂ Current F 4
Delay (s) u | Start || Stop || Pause |

Notes: | Edit |‘ Clear |‘ Save ‘

Warning: Sending undocumented IR commands to your equipment may damage or even destroy it. By using
his program, wou agree to take the responsibility for possible damages yourself, and not to hold the author
responsible.

T nterrupted Tt
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This functionality is intended for the search for undocumented IR commands for
customer equipment. It allows for sending awhole interval of IR signalsto the
equipment, and taking notes when something reacts on the sent signal. The " Start" and
"Stop" functions are probably self explaining; the "Pause" button alows for interrupting
and later resuming, but is presently not implemented. A note-taking function is planned
but presently not implemented: when "Edit" is pressed, a"Document” pops up with
current IR signal and time, allowing the user to write a note on that signal, which can later
be saved by "Save".

3.3.4.2 The "Hardware" pane

The sub-panes of this pane alows for the selection and configuration of the employed IR
hardware.

The "GlobalCache" pane.

This allows for configuring Global Caché support. The Discover-button attempts to find
the identifying beacon of Global Caché modules (only present on recent firmware). If
successful, will fill in the IP-Box, its model, the default IR-module and IR-port (see the
Global Caché API specification for the exact meaning of these terms). In any case, the

| P Name/address window, the module and port selection can be changed manually. The
Browse-button directs the selected browser to the built-in WWW-server of the module,
while the "Stop IR"-Button allows the interruption of ongoing transmission, possibly
initiated from another source.
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File Edit Options Help

IR Protocols | Output HW r IRcalc |/ Options

[ GlobalCache | IRTrans | LIRC |

IP Name/Address Module Port

| gc2‘ ‘4 ‘v| ‘1|V|| Browse || Stop IR

GC Type GC-100-12

Mow thying to discover a GlobalCache on LAM. This may talke up to 60 seconds.
W GlobalCache was found!

The "LIRC" pane

To befully usable for IrMaster, the LIRC server has to be extended to be able to cope
with CCF signal not residing in the local data base, but sent from a client like IrMaster,
thus mimicing the function of e.g. a Global Caché. The needed modification ("patch") is
in detail described here. However, even without this patch, the configuration page can be
used to send the predefined commands (i.e. residing it itsdatabase | i r c. conf ). It can
be considered as a GUI version of thei r send command.

The LIRC server needs to be started in network listening mode with the- 1 or - -
I i st en option. Default TCP port is 8765.

After entering IP-Address or name, and port (stay with 8765 unless areason to do
otherwise), press the "Read" button. Thiswill query the LIRC server for its version (to
replace the grayed out "<unknown>" of the virgin IrMaster), and its known remotes
and their commands. Thus, the "Remote" and "Command" combo boxes should now be
selectable. After selecting aremote and one of its command, it can be sent to the LIRC

Page 168


http://forrest.apache.org/
http://forrest.apache.org/
http://www.harctoolbox.org/lirc_ccf.xml
http://www.lirc.org/html/irsend.html

HARCToolbox

server by pressing the "Send" button. If (and only if) the LIRC server has the above
described patch applied, selecting "LIRC" on the "Analyze" and "War Dialer" panes now
works.

Eile Edit Options Help

IR Protocols Output HW |/ IRcalc |/0|1tiuns

[ GlobalCache | IRTrans | LIRC |

IP Name/Address TCP Port Transmitter

| |uca|hnst| ‘ 8?65‘ 1]+ | Stop IR ‘ | Read |

Predefined commands

# Remote Command

= yamaha_rnw596 - poOWer_on -

Lirc Server Version: 0.9.0

Dueto LIRC's pecular form of API stop command, the "Stop IR" command presently
does not work. See this thread in the LIRC mailing list for a background.

The "IRTrans" pane

The configuration of IRTransis similar to LIRC, so it will be described more briefly.

Enter IP name or -address and select an IR port (default "intern"). If the Ethernet IRTrans
contains an "IR Database" (which is adlightly misleading term for an internal flash
memory, that can be filled by the user), its commands can be sent from this pane. By
pressing the "Read" button, the known remotes and commands are |oaded, and the
version of the IRTrans displayed. The selected command can now be sent by the " Send"
button. (However, this functionality is otherwise not used by IrMaster.) Selecting
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"IRTrans' on the"Analyze" and "War dialer" pane should now work. The IRTrans
module is then accessed using the UDP text mode.

File Edit Options Help
IR Protocols Output HW |/II-'ll:aI|: |/0|1tiuns |
| GlobalCache | IRTrans | LIRC |

IP Name/ Address Port

| ir‘trans| |intern‘v| | Browse

Flashed Commands (RDB)

# Remote Command

1 |+| |pnitips_37pfi9603|~| |ambitight_on - | Send | | Read |

IrTrans Version: **00034 VERSION E6.02.23 L1.07.02

The "Audio" Pane

As additional hardware device, IrMaster can generate wave files, that can be used to
control IR-LEDSs. This technique has been described many timesin the internet the last
few years, see for example this page within the LIRC project. The hardware consists

of apair of anti-paralell IR-LEDs, preferably in series with aresistor. Theoretically,

this corresponds to a full wave rectification of a sine wave. Taking advantage of the

fact that the LEDs are conducting only for a the time when the forward voltage exceeds
acertain threshold, it is easy to see that this will generate an on/off signal with the
double frequency of the original sine wave. (See thefirst picturein the LIRC article for a
picture.) Thus, alR carrier of 38kHz (which isfairly typical) can be generated through a
19kHz audio signal, which is (as opposed to 38kHz) within the realm of medium quality
sound equipment, for example using mobile devices.
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IrMaster can generate these audio signals as wave files, which can be exported from the
export pane, or sent to the local computers sound card. There are some settings available:
Sample frequency (42100, 48000, 96000, 192000Hz), sample size (8 or 16 bits) can

be selected. Also "stereo” files can be generated by selecting the number of channels

to be 2. The use of thisfeatureis somewhat limited: it just generates another channel

in opposite phase to the first one, for hooking up the IR LEDs to the difference signal
between the left and the right channel. This will buy you double amplitude (6 dB) at the
cost of doubling the file sizes. If the possibility exists, it is better to turn up the volume
instead.

Data can be generated in little-endian (default) or big-endian format. This applies only to
16-bit sample sizes.

As an experimental option, the carrier frequency division as described above can
be turned off (the "Divide carrier" checkbox). Thisis only meaningful for sample
frequencies of 96kHz and higher, and for "audio equipment"” able to reproduce
frequencies like 36kHz and above.

Most of "our" IR sequences ends with a period of silence ailmost for the half of the total
duration. By selecting the "Omit trailing gap"-option, thistrailing gap is left out of

the generated data -- it isjust silence anyhow. Thisis probably a good choice (almost)
always.

Finally, the wave form on the modulation signal can be selected to either sine or square
wave. For practical usage, my experiments shown no real performance difference.

Note that when listening to music, higher sample rates, wider sample sizes, and more
channels sound better (in general). However, generating "audio” for IR-LEDsisa
completely different use case. The recommended settings are: 48000kHz, 8bit, 1 channel,
divide carrier, omit trailing gap, and square wave form.

Note that the settings on this pane also take effect when exporting wave files from the
export pane.

By pressing "Get Line" a"line" to the audio system on the local computer is allocated.
Thisis actualy superflous, since the send-functions make this automatically anyhow. It
will possibly be removed in future versions.
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File Edit Options Help

IR Protocols | Output HW rIRcaIc romiuns |

[ GlobalCache | IRTrans | LIRC [ Audio |

Sample freq. |48000 = Divide carrier
Sample size Omit trailing gap

B Wave form

Byte order [ | Big endian

The settings herein also take effect when generating wave- exports!

ot an audio line for PCM _SIGHNED 48000.0 Hz, & hit, mono, 1 bytes/frame,

3.3.4.3 Command line arguments

Normal usageisjust to double click on the jar-file, or possibly on some wrapper invoking
that jar file. However, there are some command line arguments that can be useful either

if invoking from the command line, or in writing wrappers, or when configuring custom
commands in Windows.

Usage:
irmaster [-v|--verbose] [-d|--debug debugcode] [-p|--properties propertyfile]
[--version]|--hel p]
or
irmaster |rpMaster <l|rpMaster-options-and-argunments>

Theoptions- - ver si on and - - hel p work asthey are expected to work in the GNU
coding standards for command line interfaces: The- v/ - - ver bose option set the
verbose flag, causing commands like sending to IR hardware printing some messagesin
the console. The debug option - d/ - - debug takes an argument, and the result is stuffed
into the debug parameter in the program. Thisis passed to invoked programs that are free
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to interpret it any way it likes. For example, here is how IrpMaster interprets the debug
variable. Thisoption islikely of interest only to developers, who have to look in the code
to see what is sensible.

The second form invokes IrpMaster as a the command line program on the rest of
the arguments. It is a convenience feature for just having one user entry point in the
distributed jar file.

For automating tasks, or for integrating in build processes or Makefiles or the like, it
is probably a better ideato use IrpMaster instead, which has a reasonably complete
command line interface.

The program delivers well defined and sensible exit codes.

3.3.5 References

1. IrpMaster. Also a GPL3-project by myself. Much harder to read than the present
document :-). See also this discussion thread in the JP1 forum.

2. The Harctoolbox project, also a GPL 3-project by myself. It is used for the interface to
Global Caché and IrTrans, as well as some minor support routines, that | did not feel
for duplicating.

3. DecodelR. This shared library triesto identify protocol name and parameters of an
IR signal in raw form. Thus, it isin asense, it implements the "inverse mapping" of
IrpMaster.

4. GlobalCaché, a manufacturer of Ethernet connected IR hardware. Note that | have
only tried with the GC-100 series, but the IR sending models of thei Tach family are
believed to work too. (Feel free to send me one:-).)

5 |RTrans, another manufacturer of Ethernet connected IR-hardware. The "IRTrans
Ethernet” module, preferably with "IRDB Option” (internal flash memory), is directly
supported by the current software.

6. LIRC, Linux InfraRed Control This project contain drivers for amost everything IR-
related. The present project is able to use amodified LIRC-server for transmitting IR
signals.

3.4 Using and Transforming XML export

2012-06-06 Initial version.
2013-12-20 Added note.

Table 1: Revision history

This document is semi-obsolete! It describes transformations on the XML export of IrpMaster
and IrMaster. The XML exports of these programs has been superseeded by the newer
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IrScrutinizer and the much more developed Girr format, making a Girr-version of the current
document desirable.

3.4.1 Description

IrpMaster and IrMaster can generate several different export formats. However, the

wish may arise to either support yet another format, or to do something special with the
generated IR signals. For this purpose, Ir(p)master can generate export in the form of an
XML file. XML is an text based format that is readable both by humans and machines.
Most importantly, thereis alarge number of parsers and other tools available, also as free
software. As one of many alternatives, we will here look at the rather well known and
reasonably easy to learn is XSLT (Extensible Stylesheet L anguage Transformations).
Thisisalanguage, itself in XML, for transforming an XML document to either another
XML document, to an HTML document, or to atext file.

In thistutorial article, | will demonstrate how to use XSL T to generate something
reasonably nontrivial, namely C code, from the XML export. The C fileisrequired to
contain both the Pronto signal as C string, as well asinteger arrays or durationsin micro
seconds. The length of the intro sequence, repeat sequence, and, if present, the ending
sequence should be contained as well. Finally, we require it to be "neatly" formatted and
indented.

The emphasisin thisarticle isto show how this can be easily achieved, without going into
details, either on XML, XSLT, C, or anything else. The reader interesting in asimilar task
can likely just adopt the XSLT file given here. For this, the XSLT-fileis put in the public

domain.

We want to export all NEC1 codes with device number (D) 12, sub device number (S)
34, and all the possible function (F) numbers ranging from 0 to 255. The XML export is
created either with IrMaster, like this
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File Edit Options Help
fIR Protocols r()utput HW rIRcaIc romiuns |

Renderer Protocol D S F T Additional Parameters
|Ir|JMaster|v| ‘necl ‘v| ‘12 ‘ ‘34 | ‘0 | | ‘ | ‘

Analyze | Export rWar Dialer |

Last F E [] Generate togale pairs

Export Format = Raw Pronto  # Repetitions I:D

Export dir. |jtmp;expuns ‘ | | | Open |

Automatic File Names

Export | | Open Last File

Exporting to /tmp/exports/necl_12 34 2012-08-06_21-09-57 . xml

or by using IrpMaster:
irpmaster --xm --raw --outfile ircode.xm necl 12 34 \*

Note that we will need both the raw form (durations in microseconds), as well asthe
Pronto CCF form, therefore leaving both the "Raw" and the "Pronto" selection checked,
or using both - - r awand - - pr ont o optionsto IrpMaster. Thisresultsin the following
XML export. On this XML file, the XSLT program (often called stylesheet) isinvoked,
resulting in this generated C code.

A similar, fairly straight-forward, project would be to generate . r emconfiguration files
using the CCF format for the IrTrans devices.

3.4.2 irpxml2c.xsl

In this section, the code of the stylesheet irpxml2c is presented. There are a number of
tutorialson XSLT available, so the code will not be explained in detail.
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The code contains embedded text strings, where whitespace are preserved. We require
that the generated C file to looks "neat", i.e., properly indented. Therefore, the indentation
of the XSLT-file by necessity looks "ugly", and not neatly indented.

There are anumber of different XSLT processors available, most of them free software.

How to invoke the XSLT processesor is different from different processors, so it will not
be discussed here.
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3.4.3 Automatic generation using make

It may be desirable to use some sort of automated procedure to generate the C code, for
example as part of a project build. The (still) most common build system is Make, so we
will show an example utilizing a Makefile. Thiswill, provided that the pathnames are
correct, invoke IrpMaster to generate an XML file, and subsequently Apache Xalan asan
XSLT-processor to transform it into C code.

Built with Apache Forrest Page 177
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i rcode. xni :
$(| RPMASTER) --pronto --raw --xm --outfile $@necl 12 34 \*

3.5 Harctoolbox: Home Automation and Remote Control

FIXME ( BM):

In the background of the two programs IrpMaster and IrMaster, the work reported hereinis

to some extent obsolete, in particular the IR protocol descriptions. In the near future, | intend
to restructure this project sightly, possibly splitting it in several subprojects. The current
"release”, called 0.7.0, is really nothing but a snapshot to support IrMaster. It differs from 0.6.0
in particular since the peculiar IR engine has been replaced by IrpMaster, but also through a
number of small fixes.

3.5.1 Revision history

2009-07-18 Initial version, asharc. ht m .

2011-01-10 Restructured. Main part now called
har ct ool box_doc. htni .

2011-04-29 Somewhat updated. The document is presently not
quite up-to-date, see the fixme section.

3.5.2 Introduction

The present document is aimed more at a high-level description of the system, rather than
being a user's manual. It describes most aspects of Harctoolbox at most very roughly.
Much is not described at al. Some information in this file may even refer to the previous
version, and no more be accurate.

Since | make no assumptions on reaching alarge number of users with thisrelease,

| think that my creativity is better spent on something else than writing detall
documentation for something only experts will use; and these experts probably do not
need detailed documentation anyhow...

3.5.3 Overview of the system

The "system" consists of a number of data formats, and Java classes operating on

those formats. It has been the goal to formulate file formats allowing for avery clean
description of infrared protocols, the commands of devices to be controlled (in particular,
but not exclusively audio- and video equipment), networking components, topology of an
installation, as well as macros. From these very general universal formats configuration
filesin other formats, used by other systems, can automatically be generated.
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Thereis also aquite universal GUI that gives access to most of the functionality within
the Java classes. This has been written to demonstrate the possibilities for the expert user.
Convenience and accessibility for the novice user has not been a priority. (Such user
interfaces are conceivable, however.)

Directly supported communication hardware and software are Global Cache GC-100,
IRTrans LAN (only the LAN version is supported directly), RS232 serial communication
through the Global Caché or ser2net, TCP sockets, HTTP, RF 433 and 868 MHz through
EZcontrol T10 aswell as through an IR->RF trandator like Conrad Eggs or Marmitek
pyramids. Indirectly, through LIRC, avast number of IR senders are supported.

3.5.4 Data model

Next a somewhat technical description of the file formats will be given. These are all
defined in the form of XML fileswith arather strict DTD. The discussion to follow will
focus on the concepts, not on the details. Of course, the semantics of the files are defined
by the DTD file.

Necessary theoretical background on IR signals can be found for examplein this article.

3.5.4.1 The command names

Harctoolbox has higher requirements on the data quality of its input files than other
related projects. For example, in LIRC, a configuration file consists of a device name,
and a number of commands with associated IR signals. The names of the commands
there arein principle completely arbitrary, and it appears to be common to try to follow
the vendor's naming. In Harctoolbox, there isinstead afixed (but of course from the
developer extensible) list of command names, intended to uniquely denote a command
for adevice. A command namein principleis averb, not a noun, and should describe the
action as appropriate as possible. Thereis, for example, no command power , instead
there are three commands. power _on, power _of f , and power _t oggl e (having the
obvious semantics). Also, a command which toggles between play and pause status may
not be called pl ay, but should be called pl ay_pause.

The names are defined in the XML fileconmandnanes. xm , from which a Javaenum
command_t iscreated through an XSLT style-sheet nk_conmand_t . xsl . Further
rules for command names are found as comments in that file.

3.5.4.2 The protocol files

FIXME ( BM):

| This section is obsolete. The IR engine has been replaced by IrpMaster. |

By "(infrared) protocol" we mean a mapping taking afew parameters (one of those a
"command number", one a"device number", sometimes others) to an infrared signal.
A protocol fileisan XML file describing exactly how the IR signal is made up from

the parameters. The format is quite close to an XML version of the "IRP notation" of
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the JP1-Project. It is a machine readable description on how to map the parameters
into amodulated infrared signal, consistent with a technical description. The protocol
isidentified by its name. A protocol takes a certain number of parameters, although
sometimes one is defaul ted.

At his point, the reader may like to compare this prose description of the protocol we
(and the JP1 project) call nec1 with the XML codeinnecl. xm . Note that our
description, using an arbitrary subdevice number, corresponds to the author's " Extended
Nec protocol".

The naming of the different protocolsis of course somewhat arbitrary. In general, | have
tried to be compatible with the JP1-Project.

It can be noted that the supported radio frequency protocols are nothing but IR-signals
with the carrier consisting of infrared 950nm light substituted by suitable radio carrier,
typically of 433 MHz.

Ideally, most users should not have to worry with the protocol files. Thisisonly
necessary when introducing a device with a IR-protocol that has not yet been
implemented. At the time of this writing the 17 protocols have been implemented, this
covers the most important ones, but not all known to e.g. the JP1 project.

3.5.4.3 Device files

A devicefileisan XML file describing the commands for controlling a device. In
Harctoolbox a device file truly describes the device and its commands, stripped from all
information not pertaining to the very device, like key binding on a remote, button layout,
display name, the IR blaster it is connected to, location, | P-address, MA C-address, etc.
(Thisisin contrast to many other systems, like Pronto CCF-files or JP1 device updates).

There may be many different types of commands for the device, like IR, RF signals
(thisis, at least for the few cases presently supported, nothing else but IR signals with

the infrared light as carrier replaced by an radio signal, for Europe of 433 or 868 MHz
frequency), commands over serial RS232 interfaces or TCP sockets, or utilizing a WEB
API. Also "browsing" the device (pointing a Web browser to its www server), pinging
and sending WOL -packages are considered commands, as well as suppling power,
sometimes "in reverse direction” (like a motorized blind going up or down). Possibly the
same command can be issued over different media. Some commands may take arguments
or deliver output. For this (and other) reasons, care should be taken to use the "correct”
command names, not just a phrase the manufacturer found cool. Commands are grouped
in commandsets, consisting of commands having its type (ir, seria, tcp,...), device number
etc in common.

IR signals within a device file may contain codes in Pronto CCF format in addition (or
instead) if the structured information (protocol, device number, command number etc).
Actualy, "exporting in XML format" means generating an XML file augmented with the
raw CCF codes. In may cases, also so-called cooked Pronto codes (Background, written
by remotecentral) are included, as well as JP1 protocol information.
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The device configuration file is processed by an xinclude-aware parser, allowing a certain
include-file structure, that can be used to structure the data.

Example

As an example, consider the Oppo DV-983HDVD player with serial support. Thisis
supported by Harctoolbox with the fileoppo_dv983. xnl . Its commands can be
downloaded directly from the manufacturer (hats off!), both the infrared and the serial
commands. As can be found in the spreadsheet on the IR code, the device uses the
previously mentioned nec1 protocol, with device number equal to 73. This corresponds
to the first command set in the mentioned device file. The serial commands form another
commandset, subdivided into commandgroups, depending on whether they take an
argument and/or deliver output. Note that some commands (for example pl ay) are
available both as IR and as serial commands.

Other interesting examples arethe* _dbox2. xm files (referring to the German dbox
with the open source tuxbox software) , each containing two (sagem dbox2. xm ,

phi | i ps_dbox2. xm ), or three (noki a_dbox2. xm ) different infrared command
sets as well as an elaborate web-api command set. Another very interesting example is
the Denon A/V-Receiver denon_avr 3808. xm having severa infrared command
sets using the denon protocol (which, ironically, is called the " Sharp protocol” by the
firm Denon), as well as several command sets using the denon_k (Denon-Kaseikyo
protocol). Then there is alarge number of "serial" commands, available through both the
serial box as well as through the (telnet) tcp port 23.

Importers

Since Harctoolbox is so picky with command names and their semantics, the value of

an import facility islimited — necessary information is simply not there (or is wrong).
There exists alarge number of IR signal datain the Internet (for example from LIRC
configuration files, JP1 device updates, or the large collection (mainly CCF) of fileson
Remotecentral. Presently, Harctoolbox has "importers’ for Pronto/ CCF and JP1's device
upgrades in RemoteMaster format. | "sort-of" wrote a LIRC-to-CCF trandator afew
years ago, possibly | will finish it someday. However, the importers have as their goal

to create afirst iteration of a device file (not even guaranteed to be valid XML!) to be
tweaked manually.

Exporters

Writing an exporter isin principle easier. Harctoolbox presently can export the IR
signals of adevicein CCF format, LIRC-format (either a particular device, or al devices
connected to a particular LIRC server defined in the home file), JP1's device upgradesin
RemoteManager format, as well as the rem-files used by IRTrans. Individual IR-signals
can be exported in wav-format for usage with an audio output driving an IR LED after
full wave rectification, see for example this article This feature is presently not available
through the GUI.
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Many other things are possible. | have had some success creating a program that, given an
XML configuration file, creates afull JP1-type image that can be flashed on a URC-7781
(that is, not just one or afew device updates).

3.5.4.4 The "home file"

The protocol and device files described up until now are a sort of universal data base

— common and invariant to every user, at least in principle. In contrast, the "home

file" (possibly the nameis not very well chosen) describes the individual setup ("home").
It isagood ideato think of the device files as class definitions, classes which can be
instantiated one or more times, in that one or more devices of the same class are present
in the home configuration, each having its individual (instance-)name.

It isinstructive to have alook at the supplied file hone. xni at this point. In the home
file the different devices are defined as class instances. They can be given alternate
names (aliases) and groups can — for different purposes — be defined. For example, this
can be useful for generating GUI s taking only a certain group of devices into account.
Gateways are defined: a gateway is some "gadget" connecting some other media together,
for example, the Global Cache (among other things) connects the "tcp connector" on

the local areanetwork (I an) to its output connectors, which may be e.g. an infrared
blaster or stick-in LED controlling an IR-device. Devices that can be controlled declare
the said device/connector combination as a "from-gateway", or indirectly as a from-
gateway-ref (using the XML idref facility). (Yes, there are alot of details here which
ideally sometime should be described in detail.) Thus, arouting is actually defined: how
to send commands to the device in question. Note that there may be many, redundant,
paths. The actual software is actually using this redundancy, thus implementing a certain
failure-safeness. The actual from-gateways, and their associated paths, are tried in order
until someone succeeds in sending the command. (Of course, only to the extent that
transmission failures can be detected: non-reachable Ethernet gateways are detected,
humans blocking the way between an IR-blaster and its target are not...).

Also the interconnection between AV devices can be described here, see the example.
Thus, it is possible to send high-level input selecting commands like "turn the amplifier
my_anpl i fier totheDVD player ny_dvdpl ayer ", and the software will determine
what command (IR or other) to send to what device. (Thisislater called "select mode".)

Thereisagreat potential in this concept: Consider for example a"Conrad Egg
transmitter”, which for our purposes is nothing but IR->RF gateway. Assume that a IR
stick-on emitter is glued to the egg, and connected to a Ethernet -> IR gateway. If there
is, say a RF controlled Intertechno switch, interfacing with an electric consumer, itis
possible to just issue the command for turning the electric consumer on or off, and the
software will find out that it has to send the appropriate IR signal to the IR gateway.

However, writing the configuration file isajob for the expert...
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3.5.5 Scripting and macros

In the previous version, asimple XML macro facility was implemented. In this version,
it has been replaced by the incorporating the scripting engined Jython. Thisis simply
aJavaimplementation of the very popular and wide spread scripting language Python.
This approach has some definite advantages to the previous "solution”: It is possible

for the user to "script” the Harctoolbox engine, "macros’, using awell established and
documented syntax and semantics. It aso gives access to internal Java objects as Python
objects (which of course may introduce some problems too...).

3.5.6 Basic Java classes

Thereis alarge number of Java classes operating on the data objects. Some classes
operates on protocols, some on device classes (through device files), some on device
instances in the sense of the home file. In most cases when it is sensible to call use the
classindividualy, it contains amai n-method, i.e. can be called from the command line.
In general, there are a number of arguments. A usage message can be generated in the
usual GNU way, using - - hel p asargument.

3.5.7 Program usage

The main entry point in themain j ar -fileis called Mai n. Its usage message reads:

Usage: one of
har ct ool box --version|--help
harct ool box [OPTIONS] [-P] [-g|-r]|-| [<portnunber>]]
har ct ool box [ OPTI ONS] - P <pyt honcomrand>
har ct ool box [ OPTI ONS] <devi ce_i nstance> [ <conmand> [ <ar gunent (s)>] ]
har ct ool box [ OPTI ONS] -s <devi ce_i nstance> <src_devi ce_i nstance>
where OPTIONS=-A -V,-M-C <charset>,-h <filenane>, -t ir|rf|wwiweb_api|tcp|udp|serial]
bl uet oot h| on_of f | i p| speci al | tel net| sensor,-T 0|1, -# <count >, -v, -d <debugcode>, -
a <aliasfile> -b <browserpath>, -p <propsfile> -w <tasksfile> -z <zone>, -c
<connecti ont ype>.

Using the - g (aswell asno argument at all, to allowing for double clicking thej ar -file)
starts Harctoolbox in GUI mode, described in the next section. Invoking Harctool box
withthe-r, -1 portnumber starts the readline and port listening mode respectively.
Otherwise Harctoolbox will run in non-interactive mode, executing one command or
macro, and then exit. If the - P-argument is given, commands are interpreted by the
Python interpreter, otherwise they are interpreted as device command [ argument(s)...] .

3.5.7.1 Non-interactive mode

The - s option enables the select mode, described previously. Otherwise, the arguments
are considered as a device instance name, followed by a command name, and optionally
by arguments for the command. If the command name is missing or "?", the possible
command names for the device will be listed.
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The remaining options are as follows:
-A
switch only audio on target device (if possible)
-V
switch only video on target device (if possible)
-M
use so-called smart-memory on some devices
-h home-filename
use home-filename as home file instead of the default one
-m macro-filename
use macro-filename as home file instead of the default one
-t type
prefer command of type type regardless of ordering in homefile (if possible)
-T zero_or_one
for codes with toggles (like RC5), set the toggle value to the argument.
-V
verbose execution.
-d debug code
set debug code. Seedebugar gs. j ava for its precise meaning. Use -1 to turn on all
possible debugging.
-aaliasfile
Normally, aliases (allowing the software accept e.g. "enter" and "select" as synonyms
for "ok") are taken from the official conmrand. xm . This option allows the usage of
another diasfile.
-b browserpath
Allows using an aternative path to the browser used to invoke br ows e-commands,
instead of the default one.
-p propsfile
Allows using an alternative propertiesfile, instead of the default one.
The following options apply only to the select mode

-z zone

Select for zone zone (if possible)

-C connection

Prefer connection type connection for the selection (if possible)

3.5.7.2 Readline mode

The "Readline mode" is an interactive command line mode, where the user types the
commands one at atime. If GNU readline is available, the extraordinary facilities of GNU
readline allows not only to edit present command and to recall previous commands, but
also for an intelligent completion of relevant names for macros, devices, and commands.
If GNU readline is not available, Harctoolbox's "readline mode" will still work, only
these "comfort features' are missing. The semantics of the typed command are like the
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non-interactive arguments. There are aso some extra commands, introduced by "--";
these in general correspond to the command line options described above. The normal
command line options are ignored.

3.5.7.3 Port listen mode

Starting Harctoolbox in port listening mode starts a multithreaded server, listening
for commands on the TCP port given as argument, default 9999. The present version
also listens to UDP connections using the same port number. The server responds to

a connection on that port and spawns off a new thread for each connection. It listens
to commands on that port, sending output back. The semantics of the command line
sent to the server is the same as for the non-interactive invocations, with the addition
of the commands - - qui t , which makes the session/thread close, and - - di e, which
in addition instructs the server not to spawn any more threads, but to die when the last
session has ended.

If the - P-argument is given, the issued commands are interpreted though the Python
interpreter. In this case, the default portnumber is 9998.

3.5.7.4 The GUI

The present GUI was not designed for deployment. It does not offer a user friendly way
for allowing a nontechnical user to control his home or home theater. Rather, the goal was
aresearch-type GUI, to allow the expert user to access to most of the functionality of the
Java classes, without having to look in the Javadoc class documentation.

Hopefully, in the near future, there will be one or more "cool" GUIs for the system.
This need not be additions to the present system, but rather integrations with other
technologies and projects, like Openremote.

The main properties of the present GUI will be described next.

The GUI consists of atitle bar with pull-down menus for File, Edit, Options, Misc., and
Help. These are believed to be more-or less self explanatory. There are six panes, that
will be described in order. Many interface elements have a short tool-text help messages,
which are displayed when the cursor is hoovering above the el ement. The lower part of
the main window is occupied by "the console”. The latter is aread-only "pseudo paper
roll console”, listing commands, tracing- and debugging information as directed by the
user's selections, as well as command output and error messages.

Except for the mandatory about-popup (which is of course non-modal!), popups are not
used.

The GUI resides ailmost completely within the filegui _mai n. j ava. It was designed
using the Netbeans IDE version 6.5.
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The Home/Macros pane

File Edit Options Misc. Help
[ Home/Macros | Device classes | IR Protocols | Output HW | IRcalc | Options |

Device| ‘ | |dennn ‘v| |get_input |v‘ ‘ Stop | | Go! |
Select|denun ‘V||1 “'Haudiu_\ri... |V||dbux |VH | ‘
Macru| ‘ | | | | ‘testdelay |v| | Stop | | Go! |

harc=denon get_input
[2009-07-16 19:42:10] =5IDWD=

This pane corresponds to using Harctoolbox through the Home configuration file.
Devices, using their instance names as defined in the home configuration file are sent
commands, possibly with one argument, possibly returning output in the console.
(Commands taking two or more arguments cannot be sent through the GUI.) The first
row is for sending commands to devices, the second for the select mode, while the third
one can execute macros. Note that both the execution of macros and of commands are
executed in separate threads.

This paneisthe only one coming close to "deployment usage”. The other panes can
be useful for setting up a system, defining and testing new devices or protocols, or for
"research usage'.
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The Device classes pane

File Edit Options Misc. Help

[ Home/Macros [ Device classes [ IR Protocols | Output HW | IRcalc | Options |

|nppu_dv983 ‘v| ‘uppu_dvgﬂii |v| ‘pnwer_un |v|

|GIubaICache ‘v| | Stop | ‘ Send |

This pane alows for sending infrared signals (no other command type!) to the using
either a Global Cache or an IRTrans, that has been selected using the " Output HW" pane,

including output connector to use. The home configuration file is not used. The devices
are called by their class names.
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The IR Protocols pane

File Edit Options Misc. Help
[ Home/Macros | Device classes [ IR Protocols | Output HW | IRcalc | Options |

|nec1 |v‘ |1 | |2 | |3 | ‘ | | ‘1 |v‘ |GInbaICache |v| Encode

Cooked [s004 006D 0000 0001 0102 03fc |

Raw Code 0000 008k 0022 D002 0150 00a8 0015 003f 0015 0015 0015 0015
00150015 001500150015 0015 0015 0015 0015 0015 0015 0015

0015 003f 0015 0015 0015 0015 0015 0015 0015 0015 0015 0015 Stop
fet... 0015 0015 0015 003f 0015 003f 0015 0015 0015 0015 0015 0015
0015 0015 0015 0015 0015 0015 0015 0015 0015 0015 0015 003f Clear

2
1]
| ]
=]
=N
[i:]

0015 003f 0015 003f 0015 003f 0015 003f 0015 003f 0015 0666
0150 0054 0015 0e31

protocol = MEC1, device = 1, subdevice = 2, chc = 3

This pane has more of research character. For a protocol in the protocol data base,

a device number, possibly a subdevice number, and a command number is entered,
pressing the "Encode" button causes the corresponding IR code in Pronto CCF format
to be computed and displayed. Pressing the send button causes the code to be sent to

a Global Cache or IRTrans that was selected in the "Output HW" pane. Note that it is
possible to hand edit (including pasting from the clipboard) the content of the raw code
before sending. Whenever there is content in the raw code text area, the decode button
can be invoked, sending the content to the DecodelR library, thus trying to identify an
unknown IR signal (if possible).

Log filesfrom the Irscope program (using . i cf astheir file extension) can be imported
using thei cf button.

There presently appears to be some "glitches’ in the button enabling code; click e.g. in
the "raw code" text area to enable buttons that are incorrectly disabled.
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The Output HW pane

File Edit Options Misc. Help
[ Home/Macros | Device classes [ IR Protocols | Output HW [ IRcalc | Options |
[ GlobalCache [ IRTrans [ EZControl |

Intertechno vl [al~| 0]+ 1 [+]| on || off |

Screen off | on H Off || Update |

IP-Address |  192.168.1.42| | Browse || Getstatus || Get Timers |
=3 water_wall: off =
9, large_blind: off
10. small_blind: on
11. balcony_blind: off
12 kitchen_blind: off
13. Bedroom_light: 7 —
14, Bedroom_blind: off
15. Kitchen: off
16, Hall: off
17. A 1 off
18. Aux_2: off
19. Al 307 3
20, conr, 132417
21. W1O0:M1: 7
22, HLOM2: 7
23, H1O:M3 7

This pane has three subpanes: Global Cache (for selecting the Global Cache, and its output
connector, used on the Device classes and on the IR Protocols pane), IRTrans (dito), and
EZControl. The latter is sort of an interactive toolbox for the EZcontrol T10, allowing to
send different commands, inquiry the status of one or all of the preselected switches, as
well as getting alist of its programmed timers.
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The IRcalc panel

File Edit Options Misc. Help

[ Home/Macros | Device classes [ IR Protocols | Output HW [ IRcalc | Options |

Decimal Hex Frequency (Hz) Prontocode
| -‘-12| | 28‘ | 4DDDD| | CICIG?'|
Complement Complement # Periods

213 ds 10 Enable
Reverse Reverse Time (us)

84 54 250

This paneis a sort-of spreadsheet for computing IR signals in the Pronto or JP1 context.
The exact way it worksisleft as an exercise for the reader...
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The Options panel

File Edit Options Misc. Help

[ Home/Macros | Device classes [ IR Protocols | Output HW | IRcalc [ Options
[ General | Exportopts | Debug |

Home |fusrf|oca|;harc;configfhome.}{ml | | | | Browse | ‘ Load |
Macro |fusn’|ocalfharcfconfigfmacros.}{ml | | | | Browse | ‘ Load |
Aliases |fusn’localfharcfsrcfharcfcommandnames.}{ml | | | | Browse |

Browser |firef0}{ || |

This pane alows the user to set a few more options. On-off options are sometimes instead
available through the Options pull-down menu.

3.5.7.5 Properties

Harctoolbox uses a properties filein XML format. For some of the properties thereis no
sensible accessin the GUI. For thisreason, it may therefore sometimes be necessary to
manually edit this file with atext editor (or XML editor).

3.6 lirc2xml: Extracting information from LIRC configuration files

2010-03-20 Initial version.

2012-04-21 Moved from www.bengt-martensson.de/
harc/lirc2xml.html to www.harctoolbox.org.
Compatibility with current version or Lirc, 0.9.0,
documented. Minor errors in document fixed.
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2012-05-01 Created version 0.1.2, only small changes. Created
binaries. Minor improvements.

2013-02-17 Created version 0.1.3, containing an important
bugfix. Updated patch and Linux 64-bit executable
(not the other binaries).

Table 1: Revision history

3.6.1 Introduction

Converting LIRC configuration files to a raw representation is no easy task. The meaning
of the different parameters are to some extent documented through comments in the code,
but are not at all straightforward. (Interestingly, the LIRC documentation is referring to
WinLIRC for documentation...) | have therefore written| i r c2xm asan extension to
LIRC itself. It usesinternal LIRC functionsfromt r ansmi t . ¢ to render the signals. For
thisreason, it is available as a patch to the LIRC sources.

The program generates the CCF (often called "Pronto format") representation of the raw
signal, embedded in an XML file. Optionaly, the DecodelR library isinvoked to attempt
to decode the signals.

The program was announced on the Lirc mailing list on 2009-08-22. It did not receive
any attention. lIdeally, | would like to see the program in the future LIRC distribution,
however | have a strong suspicion that LIRC-ers would rather see foobar2! i r ¢ than
['i rc2foobar...

The program runs from the command line in a Linux environment. Current version is
called 0.1.3. It was developed under Lirc 0.8.6, but works without changes with the
current version, 0.9.0.

3.6.2 Usage

The usageis given by:

Usage: lirc2xm [options] [config-file]
-h --help di spl ay this nessage
-V --version di spl ay version
-0 --output=filenane XM out put fil enane
-r --renote=renotenane Include only this renpte in the export
-d[ debug_Il evel ] --debug[=debug_| evel ]

The Lirc configuration file, defaultingto |l i r c. conf inthe current directory, is read
and trandating into an output file, defaulting to . / basename-of-configfile. xm . Per
default, all remotes in the configuration file are trand ated to the output file, unless, using
the- r /- - r enot e-option is given, in which case only the selected remote is processed.
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If configured, John Fine's library Decodel R isinvoked for each signal. It will try to
identify the signal as one of a number of known IR signal protocol.

3.6.2.1 Limitation

The present version does not render toggle signals (more precisely: it renders them only
for one value of the toggle). Also, the treatment of repeats may be incorrect. A bug
related to repeats showed up in NEC1-like signal, and was fixed in version 0.1.3.

3.6.3 Installation

The following instruction is intended for users with some experience with installation
programs under Linux.

1. (Optional, but highly recommended.) Install | i bDecodel R. so to adirectory like/
usr/l ocal /1i b, wherethelinker will find it.

Download and unpack lirc-0.9.0. Probably other, similar, versions will also work.
Change to the top of the recently unpacked tree and apply the patch by pat ch - pl
< path-to-lirc2xni . patch.

Regenerate some autoconfig filesby aut or econf -f -i -s.

5 Configureby, eg.,./configure --w th-driver=none --enabl e-
decodei r --enabl e- debug. Error messages from configure concerning
lirc_tell _me_what version_is canbeignored.

6. The command make will now, in addition to al the usual Lirc programs, create the
lirc2xm program, located inthet ool s subdirectory.

7. make install will install it together with the rest of the programsin the Lirc
package, per defaultin/ usr/ | ocal / bi n. Just copyingt ool s/ Iirc2xm
should (in this case) suffice (although in general not recommended practice).

3.6.4 Known bug

Command namesin Lirc files containing less-than characters (<) and ampersands (&) will
generate nonvalid XML. | have no intention to fix thisin the short time span. It is hard

to write waterproof code for that without using xml libraries; that kind of charactersin
command names is silly anyhow, and broken XML it can also easily be fixed with atext
editor.

3.6.5 lirc2rmdu

Mainly as a proof of concept, | wrote a simple back-end to the lirc2xml program:
lirc2rmdu, written in Python. (Possibly some would argue, that it should be called
xml2rmdu, however | felt that would be more misleading.) It transforms the xml file
from lirc2xml to armdu-file to be used by RemoteMaster program to design a "device
upgrade" in the JP1 context. Note that, for several different reasons, the output of the
program is not meant to be a perfect rmdu file, but rather afirst starting point, however
saving alot of work transforming what can be automatically transformed. In particular,
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the device number and -parameters need some fixing. possibly with atext editor outside
of RemoteMaster -- actually | manage to "hang" the program on afew occations. Fixing
this may be possibly by parsing RemoteMaster'spr ot ocol s. i ni file, but | am not
sure that isawise way of spending my time...

Usage:

lirc2rmdu. py [-r rempte] <xmfile>

The program will extract the remote given by the -r argument (or the first oneif not
given), and writeit to afile in the current directory, using a named taken from the
remote's name.

3.6.6 Downloads

3.6.6.1 Sources etc

lirc2xml.patch current version 0.1.3.
lirc2rmdu

3.6.6.2 Binaries

Binary for Linux 64bin. Just dropping in (e.g.) / usr/ | ocal / bi n, while dropping
| i bDecodel R so (64 bit version) (seebelow) in/ usr/ | ocal /I i b should be
enough.

Binary for Linux 32bin. (Unfortunately, the old version 0.1.2) Just dropping in (e.g.)
[ usr /1 ocal /bi n,whiledropping | i bDecodel R. so (32 bit version) (see
below) in/ usr/ 1 ocal /|1 b should be enough.

Cygwin binaries for Windows. (Unfortunately, the old version 0.1.2) This executable
was created using alot of dirty tricks... It was compiled under Cygwin, but contains
the necessary Cygwin libraries, so it should be usable without Cygwin. Just unpack
in an empty directory, start a DOS-box, and cd to said directory. Cygwin users should
probably delete the Cygwin dlls, since they should already reside in their system, and
may otherwise cause a conflict. It contains Decodel R, but hard linked in, not asadll.

3.6.6.3 Third party software

lircin current version, 0.9.0. Also "sufficiently similar” versions will do.

DecodelR; either the precompiled | i bDecodel R. so (Decodel R. dl |') (version
2.43) for Windows, Linux (32 and 64 bit), and Mac OS X can be downloaded from
the JP1-forum. The source codeisalso found in the JP1 forum. (Update: Current
version is 2.44; the links go to 2.43 (which however is still usable) and needs to be
updated.)
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3.7 Improved LIRC driver for the Raspberry Pi

2014-01-12 Initial version.

Table 1: Revision history

3.7.1 Introduction

Using the Raspberry Pi, with its flexible GPIO pins, for LIRC IR control and reception
isanatural wish. Sending IR diodes and IR receivers can easily be attached to the GPIO
pins. Aron Szabo wrote aLIRC driver for the Raspberry, as a development of the LIRC
seria driver. This article describes a further development of Aron'sdriver.

The present article assumes fundamental knowledge about LIRC and the Raspberry Pi. It
isnot atutorial.
3.7.1.1 Copyright

The original work is copyrighted under the GNU General Public License, version 2 "or
later”. Being a derived work, this goes for my version too.

3.7.2 Features

Next the features introduced will be described.

3.7.2.1 Multiple transmitter support

The RPi has at least 17 usable GPIO pins, so why should a LIRC driver only support
using one? Furthermore, the LIRC driver APl hasLI RC_SET_TRANSM TTER_ MASK
ioctl. For the user, thei r send command the directive SET- TRANSM TTERS

(taking as argument a list of numbers), so also LIRC can handle several transmitters
(although very few drivers have implemented it). I, somewhat randomly, selected to
support up to 8 transmitters. Should more be needed, only the compilation constant

LI RC_RPI _MAX TRANSM TTER. As a consequence, the module parameter t x_mask,
which states theinitial state of the transmitters selected, has been introduced.

| could not find any recommendation on the numbering of the transmittersin the LIRC
documentation. Since the only driver implementing multiple transmitters (CommandIR)
numbered the transmitters starting from 1, | have decided to do likewise.

3.7.2.2 Support for "modulation frequency" 0

Almost al modern IR protocols use a modul ation frequency, however, some do not
(Revox, Barco, Archer). Possibly more interesting, sending RF devices such as the
RX433 are not designed to be fed with modulated signals. Many LIRC drivers, like
Aron's, have aboolean parameter sof t car ri er, that govern the generation of the
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modulation. If turned off, no modulation will be generated. However, being a module
parameter, it cannot be changed in arunning module, and it can also not have a different
value for different transmitters.

The modification presented here ssimply allows the frequency parameter in the ioctr call
LIRC _SET _SEND_ CARRIER to have the value 0, in which case no carrier will be
generated.

To my knowledge, other LIRC drivers no not support non-modulated IR signalsin the
sense of frequency = 0.

3.7.2.3 Inversion of outputs

The module parameter i nver t , which inverts the on/off-status of the outputs (for all
transmitters) is new.

3.7.3 Installation

This module is no different from other LIRC modules when it comes to compiling and
installation. There are a number of LIRC pages on the Internet.

Just copying the compiled binary modulel i r c_r pi . ko to the target system may work.

3.7.4 Module arguments

The module arguments are described in this section. These are parameters that are passed
to the module on startup.
gpi o_out _pi ns (array of integers)
GPIO output/transmitter pins of the BCM processor as array. Thefirst is called
transmitter #1 (not 0). Valid pin numbersare: 0, 1, 4, 8, 7, 9, 10, 11, 14, 15, 17, 18,
21, 22, 23, 24, 25. Default is none.
gpi o_i n_pi n (integer)
GPIO input pin number of the BCM processor. Valid pin numbersare: 0, 1, 4, 8, 7, 9,
10, 11, 14, 15, 17, 18, 21, 22, 23, 24, 25. Default is none.
sense (bool)
Override auto detection of IR receiver circuit (O = active high, 1 = active low).
softcarrier (bool)
Software carrier (0 = off, 1 = on, default on)
i nvert (bool)
Invert output (O = off, 1 = on, default off)
t x_mask (integer)
Transmitter mask (default: 0x01)
debug (bool)
Enable debugging messages.

Thenamegpi o_out _pi ns isincompatible with Aron's version, using the name
gpi 0_out _pi n. Thisalso goesfor the default values: Aron uses 18 and 17 for
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gpi o_i n_pi n and gpi o_out _pi n, my version has both undefined as default. To
minimize confusion, | have decided just to publish one version of the driver.

3.7.5 Further work

| would be very interested in getting the driver to work with a non-demodulation sensor,
like the QSE159 (see this article), to arrive at an estimate of the modulation frequency.
Except for this, | do not plan to continue the development, or to "maintain” the driver.

3.7.6 Downloads

» lirc_rpi.c. The source.
e lirc_rpi.ko. Compiled kernel module. Sometimes it suffices just to copy thisto the
RPi.

3.7.7 Resources

* Aron'ssite.

» Sort-of announcement on LIRC mailing list.

» Diskussion thread on the driver. Thisdriver is discussed on page 6.
* Anocther guide on LIRC on the RPi.

3.8 Raspberry Pi daughter board for IR and RF transmission and reception

2014-01-11 Initial version.

Table 1: Revision history

3.8.1 Description

This article shows a daughter board for fitting to the GPIO Pins of a Raspberry Pi. It is
mainly intended for use with LIRC. It necessitated the development of an an improved
LIRC driver.

It isbuilt upon a"TriPad" board. It contains of a2 x 13 board connector and a number

of standard components. Thereisan IR transmitting LED (SFH415) with an NPN driver
transistor (BC547) driver transistor. It is designed to be able to withstand 100mA of
continuous current through the IR LED. There is also an IR-demodulator TSOP4838. For
the LIRC world uncommon is the non-demodulating IR sensor QSE159, which makes it
possible to determine the modulation frequency of a captured signal. This works with 5V
supply voltage, that could cause a problem for the 3.3V operating GPIO pins. Selecting
an open collector model like QSE159 solves this problem however. Unfortunately, at the
time of thiswriting, supporting drivers have not been written yet.
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Also contained are an RF 433MHz sender (TX433) and Receiver (RX433). The wire coils
are antennas for these. Since the photos were made, an 100nF capacitator has been added
between power supply and ground of the RF receiver, to reduce disturbances. From the
LIRC drivers, the receiver is addressed exactly like a demodulating IR-receiver, while

the transmitter should not be feed with amodulated signal, thus posing another software
problem for LIRC. Thiswill be discussed further here.

There are also a number of "Debug-LEDS", one of them being a"dummy-IR", to
demonstrate the multi-transmitter facility of the improved LIRC driver.

Hooking up these components to the GPIO pins of the Raspberry has been described
in many places on the Internet. To be mentioned isin particular Aron Szabo's page.
Therefore, we do not describe the circuit in detail.

As can be seen on the pictures, | use a case from www.oneninedesign.co.uk. The daughter
board fits quite nicely therein. Since it is transparent, it does not interfere with the IR
functionality. At least | think/hope that it is transparent also for infrared wavelengths...

Using the hardware herein to send RF commands for controlling RF switches will be
discussed in afuture article.

3.8.2 Photos

Page 198


http://forrest.apache.org/
http://forrest.apache.org/

HARCToolbox

Hae
CLE:
! L

Page 199


http://forrest.apache.org/
http://forrest.apache.org/

HARCToolbox

Page 200


http://forrest.apache.org/
http://forrest.apache.org/

HARCToolbox

3.9 Enabling LIRC to send CCF signals not residing on the server

2012-04-30 Initial version.

2015-09-10 Updated for the current version.

Table 1: Revision history

3.9.1 Introduction

Some networked devices used for sending IR codes do not store the IR signalslocally,
but have them sent on every invocation. This goes for e.g. the Global Caché IR senders.
Other devices, likethe LIRC server (1.i r cd) keep its own data base of known signal.
It can (if started with the --listen option) respond to commands of the type "send
command from the remote remote number of times. It can only send those commands
inits data base, typicaly inthefile/ etc/lirc/lircd. conf (previoudy/ et c/
I'ircd. conf). Somedevices, like the IRTrans Ethernet with IR Database can both
accept commands of the type remote/command and IR signalsin raw form.
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It is hard to say that one method is universally better than the other. "Keeping the data
base on the server, not on the clients" certainly sounds like agood ideain general,
however, "the server” is these days not necessarily abig, "fat" machine, and the clients
are not necessarily small and dumb. A server is by definition something that offers
servicesto clients, but may be small and weak in terms of resources. Furthermore, there
may be several such, possibly running on comparatively weak and primitive embedded
devices, with limited memory, allowing only a"small" number of flash memory updates,
etc. When updating, the database needs to be distributed, possibly a protocol like ssh
needs to be implemented for this, etc. Furthermore, as should be clear from my program
[rScrutinizer, sometimes the use case is to experimentally try out unknown IR signals. To
generate a database for this test, download it to the "server” just in order to perform the
tests does not seems like a good idea.

| have submitted a previous version of the patch to the then-maintainer Christoph
Bartelmus, who was vehemently against it, meaning that it is cleaner if data bases reside
on the server. The issue has been discussed on the LIRC mailing list also when another
person submitted a similar patch.

The here presented patch enhancesthe LIRC server | i r cd to be able to accept
commands in the listening socket to send an arbitrary IR signal in Pronto CCF format.
Mostly for illustration, the fix also patches the simple client programi r send to be able
to send these signals.

Implementing the same functionality on WinLirc is non-trivial, since it has completely
different code.

The idea of patching LIRC to alow this functionality was originally suggested to mein
2006 by Bitmonster, the creator of the original version of Eventghost.

3.9.2 Installation

The following instruction isintended for users with some experience with installation
programs under Linux.

The current version isfound as afork in the Lirc sources on Sourceforge.

Clonethat fork using acommand likegi t cl one ssh://

bengt mart ensson@i t . code. sf. net/ u/ bengt mart ensson/lirc u-
bengt mart ensson- | i r c. Then build using the normal instructions. (Note that these
have changed somewhat the last few years.)

3.9.3 Extensions to the irsend command

Thei r send command is contained in the LIRC distribution and (in its unpatched
form) is documented here. This patch enhances it with the two DIRECTIVES
SEND_CCF_ONCE and SEND_CCF_START. Example:

i rsend SEND_CCF_ONCE 0000 006C 0022 0002 015B OOAD 0016 0016 0016 0041 0016 0016 0016
0041 0016 0041 0016 0041 0016 0041 0016 0016 0016 0041 0016 0016 0016 0041 0016 0016
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0016 0016 0016 0016 0016 0016 0016 0041 0016 0016 0016 0041 0016 0016 0016 0041 0016
0041 0016 0016 0016 0016 0016 0016 0016 0041 0016 0016 0016 0041 0016 0016 0016 0016
0016 0041 0016 0041 0016 0041 0016 0699 015B 0057 0016 OEA3

sends a pre-rendered NEC1, Device=122, Command=29-command to the LIRC
connected device. Thisturns out to be the power-on command for Y amahareceivers
like the RX-V 1400. Another example, assuming that a suitable Y amahareceiver is
connected, the command

i rsend SEND _CCF_START 0000 006C 0022 0002 015B O0AD 0016 0016 0016 0041 0016 0016 0016
0041 0016 0041 0016 0041 0016 0041 0016 0016 0016 0041 0016 0016 0016 0041 0016 0016
0016 0016 0016 0016 0016 0016 0016 0041 0016 0016 0016 0041 0016 0016 0016 0041 0016
0041 0016 0016 0016 0016 0016 0016 0016 0041 0016 0016 0016 0041 0016 0016 0016 0016
0016 0041 0016 0041 0016 0041 0016 0699 015B 0057 0016 OEA3

sends the Volume+-command (NEC1 Device=122, Command=26) "forever" (until
it hits- - r epeat - max). Warning: this may have "interesting" side effects on your
loudspeakers, your amplifier, your ears, or your neighbors... :-). Do not try this at home...

3.9.4 Known bugs/limitations

The handling of repetitionsis not correct. Thisis due to alimitation in LIRC, that cannot
represent a complex intro signal and a complex repeat signal.

It would have been agood ideaif the patch also modified the LIRC version string, e.g. by
appending"_ccf pat ch".

3.9.5 Downloads

» Theold version of the patch for Lirc 0.9.0. Of historical interest only. Do not use with
the current version.

4 APl Documentation

4.1 Index of APl documentation

2019-08-12 Initial version.
2020-01-14 Updated with new locations.

Table 1: Revision history

4.1.1 Javadoc index

 DevSlashLirc Java APl documentation
e Girr APl documentation

e HarcHardware APl documentation

* [rpMaster APl documentation
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e |rScrutinizer APl documentation
e |rpTransmogrifier APl documentation
e Jirc APl documentation

4.1.2 Doxygen index

e DevSlashLirc C++ APl documentation
e |nfrared4Arduino.
e AGirs.

4.2 IrpMaster 1.4.2 API

5 Downloads

5.1 HARCToolbox downloads

2012-05-01
2012-06-06

2012-08-19

2012-11-18

2013-02-17
2014-02-02
2014-06-12
2014-09-27
2015-04-16
2015-09-10
2016-04-30
2016-08-30
2017-07-09
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Initial version.

Updated for the releases 0.2.0 of IrMaster and
IrpMaster.

Updated for the release 0.3.0 of IrMaster and 0.2.1
of IrpMaster.

Updated for the release 0.3.1 of IrMaster and 0.2.2
of IrpMaster.

Updated for the release 0.1.3 of lirc2xml.
Updated for the current setup.

Updated for the IrScrutinizer 1.1.0 etc.
Updated for the IrScrutinizer 1.1.1 etc.
Updated for the IrScrutinizer 1.1.2 etc.
Updated for the IrScrutinizer 1.1.3 etc.
Updated for the IrScrutinizer 1.2 etc.
Updated for the IrScrutinizer > 1.2 etc.

Somewhat reorganized.
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Table 1: Revision history

5.1.1 Introduction

The current software is distributed through the Github repositories. This page serverstwo
purposes.

» It provides some convenience links to the Github repositories.
» It provideslinksto some older versions, and some other files, not found on Github.

5.1.2 Current software

o Latest released version of IrScrutinizer.
*  Snapshot of the most current, non-released, |rScrutinizer.

Other software is available in the Github repositories.

5.1.3 Old versions

Older versions of my software is made available here.

* IrMaster

* IrMaster 1.0.1 setup.exe for Windows.

e IrMaster 1.0.0 sources

» IrMaster 1.0.0 binaries, including third-party libraries

* IrMaster version 0.1.2 sources.

* IrMaster version 0.1.2 binaries, including IrpMaster binaries and third party
libraries.

o setup.exe for Windows of IrMaster version 0.1.2, including IrpMaster binaries and
third party libraries.

* IrMaster version 0.2.0 sources.

* IrMaster version 0.2.0 binaries, including IrpMaster binaries and third party
libraries.

» setup.exe for Windows of IrMaster version 0.2.0, including IrpMaster binaries and
third party libraries.

* IrMaster setup.exe for Windows of IrMaster version 0.3.0, including IrpMaster
binaries and third party libraries.

* IrMaster version 0.3.0 sources.

* IrMaster version 0.3.0 binaries, including IrpMaster binaries and third party
libraries.

* IrMaster version 0.3.1 sources.

* IrMaster version 0.3.1 binaries, including IrpMaster binaries and third party
libraries.

* IrMaster setup.exe for Windows of IrMaster version 0.3.1, including IrpMaster
binaries and third party libraries.

» IrScrutinizer (current version found here.)
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HarctoolboxBundle-1.2-sources, the combined sources for IrScrutinizer 1.2,

IrpMaster, Girr, HarcHardware.
IrScrutinizer 1.1.3 binaries, including third-party libraries,

IrScrutinizer 1.1.3 setup.exe for Windows,

IrScrutinizer 1.1.3 as Mac OS X App in compressed format,

HarctoolboxBundle-1.1.3-sources, the combined sources for IrScrutinizer 1.1.3,

IrpMaster, Girr, HarcHardware.
IrScrutinizer 1.1.2 binaries, including third-party libraries

IrScrutinizer 1.1.2 setup.exe for Windows

IrScrutinizer 1.1.2 as App in compressed disk image for Mac OS X

[rScrutinizer 1.1.1 sources

IrScrutinizer 1.1.1 binaries, including third-party libraries

IrScrutinizer 1.1.1 setup.exe for Windows

IrScrutinizer 1.1.0 setup.exe for Windows

IrScrutinizer 1.1.0 sources

IrScrutinizer 1.1.0 binaries, including third-party libraries
IrScrutinizer 1.0.0 sources

IrScrutinizer 1.0.0 binaries, including third-party libraries

IrScrutinizer 1.0.0 and IrMaster 1.0.0 setup.exe for Windows, in one package!

IrScrutinizer version 0.1.1 sources.

IrScrutinizer version 0.1.1 binaries, including IrpMaster binaries and third party

libraries.
IrScrutinizer setup.exe for Windows of IrMaster version 0.1.1, including

IrpMaster binaries and third party libraries.

IrpMaster

[rpMaster 1.0.2 sources

[rpMaster 1.0.1 sources

[rpMaster 1.0.0 sources

IrpMaster version 0.1.2 sources.

IrpMaster version 0.2.0 sources.

IrpMaster version 0.2.1 sources.

IrpMaster version 0.2.2 sources.

Misc

HarctoolboxBundle-1.0.0-sources, the combined sources for IrScrutinizer 1.1.2,

IrpMaster, Girr, HarcHardware. (GuiComponents has been integerated into
IrScrutinizer.)
Girr 1.0.2 sources

Girr 1.0.1 sources

Girr 1.0.0 sources

Jirc 0.3.0 sources

Jirc 0.2.0 sources

GuiComponents 0.2.2 sources

GuiComponents 0.2.1 sources
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»  GuiComponents 0.2.0 sources
» HarcHardware 0.9.2 sources
» HarcHardware 0.9.1 sources
» HarcHardware 0.9.0 sources
» HarcHardware 0.8.0 sources
» IrCalc 0.2.0 sources from my Subversion repository.
» Lirc0.9.0 patch for CCF processing.
e lirc2xml.patch version 0.1.3.
* lirc2rmdu.py. A post-processor for lirc2xml.
* Old HarcToolbox
» Harctoolbox 0.5.0 (then called "Harc"). Source and binaries included.
» Harctoolbox 0.6.0 sources.
» Harctoolbox 0.6.0 binaries.
» Harctoolbox 0.7.0 sources from my Subversion repository.
» Harctoolbox 0.7.0 binaries, including third part jar-archives.
e lirc2xml
e lirc2xml-0.1.2-windows.zip
e lirc2xml-0.1.2.patch
e lirc2xml-0.1.3.patch
o lirc2xml.patch
e lirc2xml_amd64
o lirc2xml_amd64 0.1.2
e lirc2xml_i386

5.1.4 Old IR protocols

These files are now considered obsolete, since IrScrutinizer, IrMaster and IrpMaster can
generate these protocols, and export them in a number of different formats.

» Intertechno.xml Pronto codes for the Intertechno (and similar) RF switches ("with
code whedl").

» conrad.txt Pronto codes for the RF switches once manufactured by Conrad
electronics, sometimes known as RS-200.

6 All

6.1 Site Linkmap Table of Contents

Thisisamap of the complete site and its structure.
*  MyProj Site

e Home home

*  Welcome index : Homepage
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* News news : News

»  Other projects other_projects : Other
projects, links

e Impressum impressum : Over the site

* Legd legal : Legal blurbl

e Current current

» Current program index index : Current
programs and documents

e Arduino Nano Hardware arduino_nano :
Arduino IR sender/receiver hardware for IrScrutinizer and Lirc

* Arduino Nano, Part 2 arduino_nano_part2 :

Part 2 for Arduino IR sender/receiver hardware for IrScrutinizer and
Lirc

e IrScrutinizer irscrutinizer : Very advanced IR
program

* IrpTransmogrifier irpmaster : Parser for
|RP notation protocols, with rendering, code generation, recognition
applications.

o Girr girr : General IR Remote format

+ Girs girs: General IR Server specification

* Architecture architecture : Courses
architecture concept

* Glossary glossary : Glossary and terms

* HarcHardware harchardware: Library for
hardware access

* Infrared4Arduino infrared4arduino : Yet
another infrared library for the Arduino

* IR resources ir-resources : A collection of
linksto IR signal resources on the Internet

* Old programs and docs old

* Old program index index : Some old
programs and documents

* IrpMaster irpmaster : Rendering of IR
signals

e IrMaster irmaster : GUI IR program

e Transforming XML xdlt_tutorial :
Transforming the XML export into other formats

» Old Harctoolbox harctoolbox : Old main
project

e Lirc2xml lirc2xml : Making Lirc files usable

for therest of us
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Improved lirc_rpi driver lirc_rpi : Improved
LIRC driver for the Raspberry Pi
Raspberry Pi IR & RF

hardware rpi_daughterboard : Raspberry Pi
IR and RF hardware daughter board

* Lirc CCF patch lirc_ccf : Making Lirc server
handle CCF signals

* APl Documentation api_documentation

* APl doc. index index : API documentation
(javadoc)

 DevSashLirc JavaAPI
doc devslashlirc_doc _java : DevSlashLirc

EaAPI documentation
DevSlashLirc C++ API

doc devslashlirc_doc_cpp : DevSlashLirc C+
+ API documentation

Girr API doc girr_doc : Girr API
documentation

HarcHardware API doc harchardware_doc :
HarcHardware APl documentation

IrpMaster API doc irpmaster_doc : IrpMaster
API documentation

IrScrutinizer APl doc irscrutinizer_doc :

[rScrutinizer APl documentation
IrpTransmogrifier API

doc irptransmogrifier_doc :
IrpTransmogrifier APl documentation
» Jirc APl doc jirc_doc : Jirc AP
documentation
* Infrared4Arduino APl doc infrared-apidocs:
Infrared4Arduino APl documentation
* AGirsAPI doc agirs-apidocs : AGirs API
documentation
» Downloads downloads
» Download index index : Download cool
software!
o All all
» Sitemap linkmap : Site Linkmap
* Whole Site HTML whole_site_html
* Whole Site PDF whole_site pdf
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