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Getting Started & Configuration
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Capitulo 1

Getting Started with LinuxCNC

1.1. About LinuxCNC

1.1.1. The Software

» LinuxCNC (the Enhanced Machine Control) is a software system for computer control of machine
tools such as milling machines and lathes, robots such as puma and scara and other computer
controlled machines up to 9 axes.

» LinuxCNC is free software with open source code. Current versions of LinuxCNC are entirely li-
censed under the GNU General Public License and Lesser GNU General Public License (GPL and
LGPL)

= LinuxCNC provides:

* easy discovery and testing without installation with the LiveCD
* easy installation from the Live CD

* easy to use graphical configuration wizards to rapidly create a configuration specific to the ma-
chine

 directly available as regular packages of recent releases of Debian (since Bookworm) and Ubuntu
(since Kinetic Kudu)

* a graphical user interface (actually several interfaces to choose from)

* a graphical interface creation tool (Glade)

* an interpreter for G-code (the RS-274 machine tool programming language)

* arealtime motion planning system with look-ahead

« operation of low-level machine electronics such as sensors and motor drives

* an easy to use breadboard layer for quickly creating a unique configuration for your machine
* a software PLC programmable with ladder diagrams

» It does not provide drawing (CAD - Computer Aided Design) or G-code generation from the drawing
(CAM - Computer Automated Manufacturing) functions.

» It can simultaneously move up to 9 axes and supports a variety of interfaces.

» The control can operate true servos (analog or PWM) with the feedback loop closed by the LinuxCNC
software at the computer, or open loop with step-servos or stepper motors.

= Motion control features include: cutter radius and length compensation, path deviation limited to
a specified tolerance, lathe threading, synchronized axis motion, adaptive feedrate, operator feed
override, and constant velocity control.
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» Support for non-Cartesian motion systems is provided via custom kinematics modules. Available
architectures include hexapods (Stewart platforms and similar concepts) and systems with rotary
joints to provide motion such as PUMA or SCARA robots.

» LinuxCNC runs on Linux using real time extensions.

1.1.2. The Operating System

LinuxCNC is available as ready-to-use packages for the Ubuntu and Debian distributions.

1.1.3. Getting Help

1.1.3.1. IRC

IRC stands for Internet Relay Chat. It is a live connection to other LinuxCNC users. The LinuxCNC
IRC channel is #linuxcnc on libera.chat.

The simplest way to get on the IRC is to use the embedded client on this page.

Some IRC etiquette

» Ask specific questions... Avoid questions like “Can someone help me?”.

» If you're really new to all this, think a bit about your question before typing it. Make sure you
give enough information so someone can solve your question.

s Have some patience when waiting for an answer, sometimes it takes a while to formulate an
answer or everyone might be busy working or something.

= Set up your IRC account with your unique name so people will know who you are. If you use
the java client, use the same name every time you log in. This helps people remember who you
are and if you have been on before many will remember the past discussions which saves time
on both ends.

Sharing Files
The most common way to share files on the IRC is to upload the file to one of the following or a
similar service and paste the link:

= For text: https://pastebin.com/, http://pastie.org/, https://gist.github.com/
» For pictures: https://imagebin.org/, https://imgur.com/, https://bayimg.com/
» For files: https://filedropper.com/, https://filefactory.com/, https://1fichier.com/

1.1.3.2. Mailing List

An Internet Mailing List is a way to put questions out for everyone on that list to see and answer at
their convenience. You get better exposure to your questions on a mailing list than on the IRC but
answers take longer. In a nutshell you e-mail a message to the list and either get daily digests or
individual replies back depending on how you set up your account.

You can subscribe to the emc-users mailing list at: https://lists.sourceforge.net/lists/listinfo/emc-users

1.1.3.3. Web Forum

A web forum can be found at https://forum.linuxcnc.org or by following the link at the top of the
linuxcnc.org home page.

This is quite active but the demographic is more user-biased than the mailing list. If you want to be
sure that your message is seen by the developers then the mailing list is to be preferred.



https://web.libera.chat/#linuxcnc
https://pastebin.com/
http://pastie.org/
https://gist.github.com/
https://imagebin.org/
https://imgur.com/
https://bayimg.com/
https://filedropper.com/
https://filefactory.com/
https://1fichier.com/
https://lists.sourceforge.net/lists/listinfo/emc-users
https://forum.linuxcnc.org
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1.1.3.4. LinuxCNC Wiki

A Wiki site is a user maintained web site that anyone can add to or edit.

The user maintained LinuxCNC Wiki site contains a wealth of information and tips at: https://wiki.linuxcnc.or

1.1.3.5. Bug Reports

Report bugs to the LinuxCNC github bug tracker.

1.2. System Requirements

1.2.1. Minimum Requirements

The minimum system to run LinuxCNC and Debian / Ubuntu may vary depending on the exact usage.
Stepper systems in general require faster threads to generate step pulses than servo systems. You
can use the Live CD to test the software before committing to a permanent installation on a computer.
Keep in mind that the Latency Test numbers are more important than the processor speed for software
step generation. More information on the Latency Test is here. In addition LinuxCNC needs to be run
on an operating system that uses a specially modified kernel, see Kernel and Version Requirements.

Additional information is on the LinuxCNC Wiki site: Hardware Requirements

LinuxCNC and Debian Linux should run reasonably well on a computer with the following minimum
hardware specification. These numbers are not the absolute minimum but will give reasonable per-
formance for most stepper systems.

= 700 MHz x86 processor (1.2 GHz x86 processor recommended) or Raspberry Pi 4 or better.
= LinuxCNC 2.8 or later from the Live CD expects a 64-bit capable system.

= 512 MB of RAM, 4 GB with GUI to avoid surprises

= No hard disk for Live CD, 8 GB or more for permanent installation

» Graphics card capable of at least 1024x768 resolution, which is not using the NVidia or ATI fglrx
proprietary drivers. Modern onboard graphic chipsets seem to generally be OK.

» Internet connection (not strictly needed, but very useful for updates and for communicating with
the LinuxCNC community)

Minimum hardware requirements change as Linux distributions evolve so check the Debian web site
for details on the Live CD you’re using. Older hardware may benefit from selecting an older version
of the Live CD when available.

If you plan not to rely on the distribution of readily executable programs (”binaries”) but aim at con-
tributing to the source tree of LinuxCNC, then there is a good chance you want a second computer to
perform the compilation. Even though LinuxCNC and your developments could likely be executed at
the same time with respect to disk space, RAM and even CPU speed, a machine that is busy will have
worse latencies, so you are unlikely to compile your source tree and produce chips at the same time.



https://wiki.linuxcnc.org/
https:///github.com/LinuxCNC/linuxcnc/issues
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Hardware_Requirements
https://www.debian.org/releases/stable/amd64/ch02.en.html
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1.2.2. Kernel and Version requirements

LinuxCNC requires a kernel modified for realtime use to control real machine hardware. It can, howe-
ver run on a standard kernel in simulation mode for purposes such as checking G-code, testing config
files and learning the system. To work with these kernel versions there are two versions of LinuxCNC
distributed. The package names are "linuxcnc” and “linuxcnc-uspace”.

The realtime kernel options are preempt-rt, RTAI and Xenomai.
You can discover the kernel version of your system with the command:

uname -a

If you see (as above) -rt- in the kernel name then you are running the preempt-rt kernel and should
install the "uspace” version of LinuxCNC. You should also install uspace for ”"sim” configs on non-
realtime kernels

If you see -rtai- in the kernel name then you are running RTAI realtime. See below for the LinuxCNC
version to install.

1.2.2.1. Preempt-RT with linuxcnc-uspace package

Preempt-RT is the newest of the realtime systems, and is also the version that is closest to a mainline
kernel. Preempt-RT kernels are available as precompiled packages from the main repositories. The
search term "PREEMPT RT” will find them, and one can be downloaded and installed just like any
other package. Preempt-RT will generally have the best driver support and is the only option for
systems using the Mesa ethernet-connected hardware driver cards. In general preempt-rt has the
worst latency of the available systems, but there are exceptions.

1.2.2.2. RTAI with linuxcnc package

RTAI has been the mainstay of LinuxCNC distributions for many years. It will generally give the best
realtime performance in terms of low latency, but might have poorer peripheral support and not
as many screen resolutions. An RTAI kernel is available from the LinuxCNC package repository. If
you installed from the Live/Install image then switching kernel and LinuxCNC flavour is described in
[Installing-RTAI].

1.2.2.3. Xenomai with linuxcnc-uspace package

Xenomai is also supported, but you will have to find or build the kernel and compile LinuxCNC from
source to utilise it.

1.2.2.4. RTAI with linuxcnc-uspace package

It is also possible to run LinuxCNC with RTAI in user-space mode. As with Xenomai you will need to
compile from source to do this.

1.2.3. Problematic Hardware

1.2.3.1. Laptops

Laptops are not generally suited to real time software step generation. Again a Latency Test run for
an extended time will give you the info you need to determine suitability.
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1.2.3.2. Video Cards

If your installation pops up with 800 x 600 screen resolution then most likely Debian does not recognize
your video card or monitor. This can sometimes be worked-around by installing drivers or creating /
editing Xorg.conf files.

1.3. Getting LinuxCNC

This section describes the recommended way to download and make a fresh install of LinuxCNC.
There are also Alternate Install Methods for the adventurous. If you have an existing install that you
want to upgrade, go to the Updating LinuxCNC section instead.

nota

To operate machinery LinuxCNC requires a special kernel with real-time extensions. There are three
possibilities here: preempt-rt, RTAl or Xenomai. In addition there are two versions of LinuxCNC which
work with these kernels. See the table below for details. However for code testing and simulation it
is possible to run the linuxcnc-uspace application on a stock kernel.

Fresh installs of LinuxCNC are most easily created using the Live/Install Image. This is a hybrid ISO
filesystem image that can be written to a USB storage device or a DVD and used to boot a computer. At
boot time you will be given a choice of booting the "Live” system (to run LinuxCNC without making any
permanent changes to your computer) or booting the Installer (to install LinuxCNC and its operating
system onto your computer’s hard drive).

The outline of the process looks like this:

1. Download the Live/Install Image.

2. Write the image to a USB storage device or DVD.
3. Boot the Live system to test out LinuxCNC.

4. Boot the Installer to install LinuxCNC.

1.3.1. Download the image

This section describes some methods for downloading the Live/Install image.

1.3.1.1. Normal Download

Software for LinuxCNC to download is presented on the project’s Downloads page. Most users will aim
for the disk image for Intel/AMD PCs, the URL will resemble https://www.linuxcnc.org/iso/linuxcnc 2.9.2-
amd64.hybrid.iso.

For the Raspberry Pi, multiple images are provided to address differences between the RPi4 and RPi5.

nota

Do not use the regular Raspbian distribution for LinuxCNC that may have shipped with your RPi starter
kit - that will not have the real-time kernel and you cannot migrate from Raspbian to Debian’s kernel
image.



https://linuxcnc.org/downloads/
https://www.linuxcnc.org/iso/linuxcnc_2.9.2-amd64.hybrid.iso
https://www.linuxcnc.org/iso/linuxcnc_2.9.2-amd64.hybrid.iso
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1.3.1.2. Download using zsync
zsync is a download application that efficiently resumes interrupted downloads and efficiently trans-

fers large files with small modifications (if you have an older local copy). Use zsync if you have trouble
downloading the image using the Normal Download method.

zsync in Linux

1. Install zsync using Synaptic or, by running the following in a terminal

sudo apt-get install zsync

2. Then run this command to download the iso to your computer

zsync https://www.linuxcnc.org/iso/linuxcnc_2.9.2-amd64.hybrid.iso

zsync in Windows There is a Windows port of zsync. It works as a console application and can be
downloaded from https://www.assembla.com/spaces/zsync-windows/documents .

1.3.1.3. Verify the image
(This step is unnecessary if you used zsync)
1. After downloading, verify the checksum of the image to ensure integrity.

md5sum linuxcnc-2.9.2-amd64.1iso

or

sha256sum linuxcnc-2.9.2-amd64.iso

1. Then compare to these checksums

amd64 (PC)

md5sum: 1815aceaac0e7861747aa34d61846e79

sha256sum: 08b3159233e47c91cf1lc9a85c41df48542c97b134efefa7446d3060c9a3e644b
arme4 (Pi)

md5sum: 4547e8a72433efb033f0a5cfl66a5cd2

sha256sum: ff3ba9b8dfb93bafle2232746655f8521a606bcOfab91bffcO@4ba74cc3bebbfO

Verify md5sum on Windows or Mac Windows and Mac OS X do not come with an md5sum program,
but there are alternatives. More information can be found at: How To MD5SUM

1.3.2. Write the image to a bootable device

The LinuxCNC Live/Install ISO Image is a hybrid ISO image which can be written directly to a USB
storage device (flash drive) or a DVD and used to boot a computer. The image is too large to fit on a
CD.

1.3.2.1. Raspberry Pi Image

The Raspbery Pi image is a completes SD card image and should be written to an SD card with the
[Raspberry Pi Imager Appl(https://www.raspberrypi.com/software/).



https://www.assembla.com/spaces/zsync-windows/documents
https://help.ubuntu.com/community/HowToMD5SUM
https://www.raspberrypi.com/software/
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1.3.2.2. AMD-64 (x86-64, PC) Image using GUI tools

Download and install [Balena Etcher](https://etcher.balena.io/#download-etcher) (Linux, Windows,
Mac) and write the downloaded image to a USB drive.

If your image fails to boot then please also try Rufus. It looks more complicated but seems to be more
compatible with various BIOSes.

1.3.2.3. Command line - Linux

1. Connect a USB storage device (for example a flash drive or thumb drive type device).

2. Determine the device file corresponding to the USB flash drive. This information can be found in
the output of dmesg after connecting the device. /proc/partitions may also be helpful.

3. Use the dd command to write the image to your USB storage device. For example, if your storage
device showed up as /dev/sde, then use this command:

dd if=linuxcnc_2.9.2-amd64.hybrid.iso of=/dev/sde

1.3.2.4. Command line - MacOS

1. Open a terminal and type
diskutil list

2. Insert the USB and note the name of the new disk that appears, eg /dev/disk5

3. unmount the USB. The number found above should be substitued in place of the N
diskutil unmountDisk /dev/diskN

4. Transfer the data with dd, as for Linux above. Note that the disk name has an added "r” at the
begining
sudo dd if=/linuxcnc_2.9.2-amd64.hybrid.iso of=/dev/rdiskN bs=1m

5. Note that this may take a long time to complete and there will be no feedback during the process.
Writing the image to a DVD in Linux

1. Insert a blank DVD into your burner. A CD/DVD Creator or Choose Disc Type window will pop
up. Close this, as we will not be using it.

Browse to the downloaded image in the file browser.
Right click on the ISO image file and choose Write to Disc.
Select the write speed. It is recommended that you write at the lowest possible speed.

Start the burning process.

AL

If a choose a file name for the disc image window pops up, just pick OK.
Writing the image to a DVD in Windows

1. Download and install Infra Recorder, a free and open source image burning program: http://infrarecorde



https://etcher.balena.io/#download-etcher
https://rufus.ie/
http://infrarecorder.org/
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2. Insert a blank CD in the drive and select Do nothing or Cancel if an auto-run dialog pops up.

3. Open Infra Recorder, and select the Actions menu, then Burn image.
Writing the image to a DVD in Mac OSX

1. Download the .iso file

2. Right-click on the file in the Finder window and select "Burn to disc” (The option to burn to disc
will only appear if the machine has an optical drive fitted or connected)

1.3.3. Testing LinuxCNC

With the USB storage device plugged in or the DVD in the DVD drive, shut down the computer then
turn the computer back on. This will boot the computer from the Live/Install Image and choose the
Live boot option.

nota
If the system does not boot from the DVD or USB stick, it may be necessary to change the boot order
in the PC BIOS.

Once the computer has booted up you can try out LinuxCNC without installing it. You can not create
custom configurations or modify most system settings in a Live session, but you can (and should) run
the latency test.

To try out LinuxCNC: from the Applications/CNC menu pick LinuxCNC. A dialog box will open from
which you can choose one of many sample configurations. At this point it only really makes sense to
pick a “sim” configuration. Some of the sample configurations include onscreen 3D simulated machi-
nes, look for “Vismach” to see these.

To see if your computer is suitable for software step pulse generation run the Latency Test as shown
here.

At the time of writing the Live Image is only available with the preempt-rt kernel and a matching
LinuxCNC. On some hardware this might not offer good enough latency. There is an experimental
version available using the RTAI realtime kernel which will often give better latency.

1.3.4. Installing LinuxCNC

To install LinuxCNC from the Live CD select Install (Graphical) at bootup.

1.3.5. Updates to LinuxCNC

With the normal install the Update Manager will notify you of updates to LinuxCNC when you go on
line and allow you to easily upgrade with no Linux knowledge needed. It is OK to upgrade everything
except the operating system when asked to.

aviso
@ Do not upgrade the operating system if prompted to do so. You should accept OS updates
however, especially security updates.
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1.3.6. Install Problems

In rare cases you might have to reset the BIOS to default settings if during the Live CD install it cannot
recognize the hard drive during the boot up.

1.3.7. Alternate Install Methods

The easiest, preferred way to install LinuxCNC is to use the Live/Install Image as described above. That
method is as simple and reliable as we can make it, and is suitable for novice users and experienced
users alike. However, this will typically replace any existing operating system. If you have files on the
target PC that you want to keep, then use one of the methods described in this section.

In addition, for experienced users who are familiar with Debian system administration (finding install
images, manipulating apt sources, changing kernel flavors, etc), new installs are supported on follo-
wing platforms: ("amd64” means ”64-bit”, and is not specific to AMD processors, it will run on any
64-bit x86 system)

Distribution Architecture Kernel Package name Typical use
Debian amd64 & arm64 | preempt-rt linuxcnc-uspace machine control
Bookworm & simulation
Debian amdo64 RTAI linuxcnc machine control
Bookworm
Debian Bullseye | amd64 preempt-rt linuxcnc-uspace | machine control
& simulation
Debian Buster amd64 & arm64 | preempt-rt linuxcnc-uspace machine control
& simulation
Debian Buster amdo64 RTAI linuxcnc machine control
Any Any Stock linuxcnc-uspace | simulation ONLY
nota

LinuxCNC v2.9 is not supported on Debian 9 or older.

Preempt-RT kernels The Preempt-rt kernels are available for Debian from the regular debian.org
archive. The package is called linux-image-rt-*. Simply install the package in the same way as any
other package from the Synaptic Package manager or with apt-get at the command-line.

RTAI Kernels The RTAI kernels are available for download from the linuxcnc.org debian archive. The
apt source is:

= Debian Bookworm: deb http://linuxcnc.org bookworm base
= Debian Bullseye: deb http://linuxcnc.org bullseye base

= Debian Buster: deb http://linuxcnc.org buster base

LinuxCNC and the RTAI kernel are now only available for 64-bit OSes but there are very few surviving
systems that can not run a 64-bit OS.

1.3.7.1. Installing on Debian Bookworm (with Preempt-RT kernel)

1. Install Debian Bookworm (Debian 12), amd64 version. You can download the installer here:
https://www.debian.org/distrib/



https://www.debian.org/distrib/
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2. After burning the iso and booting up if you don’t want Gnome desktop select Advanced Options
> Alternative desktop environments and pick the one you like. Then select Install or Graphical
Install.

aviso
@ Do not enter a root password, if you do sudo is disabled and you won’t be able to complete
the following steps.

3. Run the following in a terminal to bring the machine up to date with the latest packages.

sudo apt-get update
sudo apt-get dist-upgrade

nota
It is possible to download a version of LinuxCNC directly from Debian but this will install an old pre-
release version, and is not recommended at this time.

1. Install the Preempt-RT kernel and modules

sudo apt-get install linux-image-rt-amd64

2. Re-boot, and select the Linux 6.1.0-10-rt-amd64 kernel. The exact kernel version might be dif-
ferent, look for the ”-rt” suffix. This might be hidden in the "Advanced options for Debian Book-
worm” sub-menu in Grub. When you log in, verify that PREEMPT RT is reported by the following
command.

uname -V

3. Open Applications Menu > System > Synaptic Package Manager search for linux-image and right
click on the original non-rt and select Mark for Complete Removal. Reboot. This is to force the
system to boot from the RT kernel. If you prefer to retain both kernels then the other kernels
need not be deleted, but grub boot configuration changes will be needed beyond the scope of
this document.

4. Add the LinuxCNC Archive Signing Key to your apt keyring by downloading [the LinuxCNC insta-
ller script](https://www.linuxcnc.org/linuxcnc-install.sh) You will need to make the script execu-
table to run it:

chmod +x linuxcnc-install.sh
Then you can run the installer:

sudo ./linuxcnc-install.sh

1.3.7.2. Installing on Debian Bookworm (with experimental RTAI kernel)

1. This kernel and LinuxCNC version can be installed on top of the Live DVD install, or alternatively
on a fresh Install of Debian Bookworm 64-bit as described above.

2. You can add the LinuxCNC Archive signing key and repository information by downloading and
running the installer script as decribed above. If an RTAI kernel is detected it will stop before
installing any packages.
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3. Update the package list from linuxcnc.org

sudo apt-get update

4. Install the new realtime kernel, RTAI and the rtai version of linuxcnc.

sudo apt-get install linuxcnc

Reboot the machine, ensuring that the system boots from the new 5.4.258-rtai kernel.

1.3.7.3. Installing on Raspbian 12

Don’t do that. The latencies are too bad with the default kernel and the PREEMPT RT (the RT is
important) kernel of Debian does not boot on the Pi (as of 1/2024). Please refer to the images provided
online. You can create them yourself following the scripts provided online.

1.4. Running LinuxCNC

1.4.1. Invoking LinuxCNC

After installation, LinuxCNC starts just like any other Linux program: run it from the terminal by
issuing the command linuxcnc, or select it in the Applications -> CNC menu.

1.4.2. Configuration Launcher

When starting LinuxCNC (from the CNC menu or from the command line without specifying an INI
file) the Configuration Selector dialog starts.

The Configuration Selector dialog allows the user to pick one of their existing configurations (My
Configurations) or select a new one (from the Sample Configurations) to be copied to their home
directory. Copied configurations will appear under My Configurations on the next invocation of the
Configuration Selector.

The Configuration Selector offers a selection of configurations organized:

» My Configurations - User configurations located in linuxcnc/configs in your home directory.

= Sample Configurations - Sample configurations, when selected, are copied to linuxcnc/configs. Once
a sample configuration was copied to your local directory, the launcher will offer it as My Configu-
rations. The names under which these local configurations are presented correspond to the names
of the directories within the configs/ directory:

* sim - Configurations that include simulated hardware. These can be used for testing or learning
how LinuxCNC works.

* by interface - Configurations organized by GUI.

* by machine - Configurations organized by machine.

* apps - Applications that do not require starting linuxcnc but may be useful for testing or trying
applications like PyVCP or GladeVCP.

* attic - Obsolete or historical configurations.

The sim configurations are often the most useful starting point for new users and are organized around
supported GUIs:
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» axis - Keyboard and Mouse GUI

» craftsman - Touch Screen GUI (no longer maintained ?7??)
» gmoccapy - Touch Screen GUI

» gscreen - Touch Screen GUI

= pyvcp demo - Python Virtual Control Panel

» gtaxis - Touch Screen GUI, axis lookalike

» gtdragon - Touch Screen GUI

» gtdragon hd - Touch Screen GUI, high definition

» gtplasmac - Touch Screen GUI, for plasma tables

» gttouchy - Touch Screen GUI

» tklinuxcnc - Keyboard and Mouse GUI (no longer maintained)
» touchy - Touch Screen GUI

» woodpecker - Touch Screen GUI A GUI configuration directory may contain subdirectories with
configurations that illustrate special situations or the embedding of other applications.

The by interface configurations are organized around common, supported interfaces like:

» general mechatronics
= mesa

m parport

= pico

= pluto

= servotogo

» vigilant

» vitalsystems

Related hardware may be required to use these configurations as starting points for a system.

The by machine configurations are organized around complete, known systems like:

= boss

= cooltool

= scortbot erlll
= sherline

= smithy

= tormach

A complete system may be required to use these configurations.

The apps items are typically either:

1. utilities that don’t require starting linuxcnc
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2. demonstrations of applications that can be used with linuxcnc

» info - creates a file with system information that may be useful for problem diagnosis.
» gladevcp - Example GladeVCP applications.
= halrun - Starts halrun in an terminal.
» latency - Applications to investigate latency
* latency-histogram-1 - histogram for single servo thread
* latency-histogram - histogram
* latency-test - standard test
* latency-plot - stripchart
= parport - Applications to test parport.
= pyvcp - Example pyvcp applications.
= xhc-hb04 - Applications to test an xhc-hb04 USB wireless MPG

nota
Under the Apps directory, only applications that are usefully modified by the user are offered for
copying to the user’s directory.

LinuxCNC Configuration Selector
Welcome to LinuxCNC.

Select a machine configuration from the list on the left.
Details about the selected configuration will appear in the display on the right.
Click "OK' to run the selected configuration

My Conﬁgura.tions. Sim configurations make it possible to run
= Sample Configurations

sim LinuxCNC without special hardware on a

axis simulated basis.
craftsman
grnoccapy

gscreen LinuxCNC supports multiple guis and there

pyvcp_demo are multiple examples for the most popular

gtaxis guis.
gtdragon

g%g{:gﬁ,&zhd The sim configurations are meant to run

gttouchy with no special hardware requirements

tklinuxcnc
touchy
woodpecker
4— by_interface
4— by_machine
— apps
i— attic

[ Create Desktop Shortcut

Figura 1.1: Selector de Configuracién de LinuxCNC

Click any of the listed configurations to display specific information about it. Double-click a configu-
ration or click OK to start the configuration.
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Select Create Desktop Shortcut and then click OK to add an icon on the Ubuntu desktop to directly
launch this configuration without showing the Configuration Selector screen.

When you select a configuration from the Sample Configurations section, it will automatically place a
copy of that config in the ~/linuxcnc/configs directory.

1.4.3. Next steps in configuration

After finding the sample configuration that uses the same interface hardware as your machine (or a
simulator configuration), and saving a copy to your home directory, you can customize it according to
the details of your machine. Refer to the Integrator Manual for topics on configuration.

1.4.4. Simulator Configurations

All configurations listed under Sample Configurations/sim are intended to run on any computer. No
specific hardware is required and real-time support is not needed.

These configurations are useful for studying individual capabilities or options. The sim configurations
are organized according to the graphical user interface used in the demonstration. The directory for
axis contains the most choices and subdirectories because it is the most tested GUI. The capabilities
demonstrated with any specific GUI may be available in other GUIs as well.

1.4.5. Configuration Resources

The Configuration Selector copies all files needed for a configuration to a new subdirectory of ~/li-
nuxcnc/configs (equivalently: /home/username/linuxcnc/configs). Each created directory will include
at least one INI file (iniflename.ini) that is used to describe a specific configuration.

File resources within the copied directory will typically include one or more INI file (filename.ini)
for related configurations and a tool table file (toolfilename.tbl). Additionally, resources may include
HAL files (filename.hal, filename.tcl), a README file for describing the directory, and configuration
specific information in a text file named after a specific configuration (inifilename.txt). That latter two
files are displayed when using the Configuration Selector.

The supplied sample configurations may specify the parameter HALFILE (filename.hal) in the confi-
guration INI file that are not present in the copied directory because they are found in the system HAL
file library. These files can be copied to the user configuration directory and altered as required by
the user for modification or test. Since the user configuration directory is searched first when finding
HAL files, local modifications will then prevail.

The Configuration selector makes a symbolic link in the user configuration directory (named hallib)
that points to the system HAL file library. This link simplifies copying a library file. For example, to
copy the library core sim.hal file in order to make local modifications:

cd ~/linuxcnc/configs/name of configuration
cp hallib/core sim.hal core sim.hal

1.5. Updating LinuxCNC

Updating LinuxCNC to a new minor release (ie to a new version in the same stable series, for example
from 2.9.1 to 2.9.2) is an automatic process if your PC is connected to the internet. You will see an
update prompt after a minor release along with other software updates. If you don’t have an internet
connection to your PC see Updating without Network.
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1.5.1. Upgrade to the new version

This section describes how to upgrade LinuxCNC from version 2.8.x to a 2.9.y version. It assumes that
you have an existing 2.8 install that you want to update.

To upgrade LinuxCNC from a version older than 2.8, you have to first upgrade your old install to 2.8,
then follow these instructions to upgrade to the new version.

If you do not have an old version of LinuxCNC to upgrade, then you're best off making a fresh install
of the new version as described in the section Getting LinuxCNC.

Furthermore, if you are running Ubuntu Precise or Debian Wheezy it is well worth considering making
a backup of the "linuxcnc” directory on removable media and performing a clean install of a newer OS
and LinuxCNC version as these releases were EOL in 2017 and 2018 respectively. If you are running
on Ubuntu Lucid then you will have to do this, as Lucid is no longer supported by LinuxCNC (it was
EOL in 2013).

To upgrade major versions like 2.8 to 2.9 when you have a network connection at the machine you need
to disable the old linuxcnc.org apt sources in the file /etc/apt/sources.list and add a new linuxcnc.org
apt source for 2.9, then upgrade LinuxCNC.

The details will depend on which platform you’re running on. Open a terminal then type lsb_release
-ic to find this information out:

lsb release -ic
Distributor ID: Debian
Codename: Buster

You should be running on Debian Buster, Bullseye or Bookworm or Ubuntu 20.04 "Focal Fossa” or
newer. LinuxCNC 2.9.y will not run on older distributions than these.

You will also need to check which realtime kernel is being used:

uname -r
6.1.0-10-rt-amd64

If you see (as above) -rt- in the kernel name then you are running the preempt-rt kernel and should
install the "uspace” version of LinuxCNC. You should also install uspace for ”"sim” configs on non-
realtime kernels

If you see -rtai- in the kernel name then you are running RTAI realtime. See below for the LinuxCNC
version to install. RTAI packages are available for Bookworm and Buster but not currently for Bullseye.

1.5.1.1. Apt Sources Configuration

= Open the Software Sources window. The process for doing this differs slightly on the three sup-
ported platforms:

¢ Debian:

o Click on Applications Menu, then System, then Synaptic Package Manager.
o In Synaptic, click on the Settings menu, then click Repositories to openthe Software Sources
window.
* Ubuntu Precise:

o Click on the Dash Home icon in the top left.

o In the Search field, type ”“software”, then click on the Ubuntu Software Center icon.

o In the Ubuntu Software Center window, click on the Edit menu, then click on Software Sources...
to open the Software Sources window.

¢ Ubuntu Lucid:
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o Click the System menu, then Administration, then Synaptic Package Manager.
o In Synaptic, click on the Settings menu, then click on Repositories to open the Software

Sources window.

m In the Software Sources window, select the Other Software tab.

= Delete or un-check all the old linuxcnc.org entries (leave all non-linuxcnc.org lines as they are).

= Click the Add button and add a new apt line. The line will be slightly different on the different

platforms:

Cuadro 1.2: Tabular overview on variants of the Operating
System and the corresponding configuration of the repo-
sitory. The configuration can be performed in the GUI of
the package manager or in the file /etc/apt/sources.list.

OS / Realtime Version Repository

Debian Buster - preempt deb https://linuxcnc.org buster base 2.9-uspace
Debian Buster - RTAI deb https://linuxcnc.org buster base 2.9-rt
Debian Bullseye - preempt deb https://linuxcnc.org bullseye base 2.9-uspace
Debian Bookworm - preempt deb https://linuxcnc.org bookworm base 2.9-uspace
Debian Bookworm - RTAI deb https://linuxcnc.org bookworm base 2.9-rt
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Figura 1.2: Figure with a screenshot of the repository configuration of the synaptic package manager.

= Click Add Source, then Close in the Software Sources window. If it pops up a window informing

you that the information about available software is out-of-date, click the Reload button.

1.5.1.2. Upgrading to the new version

Now your computer knows where to get the new version of the software, next we need to install it.

The process again differs depending on your platform.

Debian uses the Synaptic Package Manager.

= Open Synaptic using the instructions in Setting apt sources above.

» Click the Reload button.

Synaptic Package Manager (as superuser)

File Edit Package Settings Help
Reload MarkAllUpgrades Apply Properties
All S Package Installed Version Latest Version Descriptiol
Amateur Radio Repositories (as superuser) ) \o) AX times
Communication time ¢
Communication (f | Enabled Type URI time ¢
Cross Platform o deb https://www.linuxcnc.org/ ~distr
-, o . : Up !
Databases ¥  deb-src https://www.linuxcnc.org/ _distr
Debug - deb cdrom:[Debian GNU/Linux 12.2.0 _Bookworm_ - Official am Free
Develo ® deb http://ftp.uk.debian.org/debian/ anda
Deve cpmen.t puiTIp ’ g ’ m
Documentation #  deb-src http://ftp.uk.debian.org/debian/ pe--
Editors ¥  deb http://security.debian.org/debian-security/
Education _ :
Electronics Binary (deb) v
l sectiof URI: https://www.linuxcnc.org/ |
I Statyd Distribution: | bookworm |
I Origi_r Section(s): 2.9-uspace base |

Customn Fi
I usom 3 l New ‘ l Delete ‘ Cancel ‘ l OK ‘
l Search Rebures T
I Architecture ‘
63426 packages listed, 1590 installed, O broken. O to install/upgrade, 0 to remove




LinuxCNC V2.9.4, 13 Apr 2025 19/1288

» Use the Search function to search for linuxcnc.
» The package is called "linuxcnc” for RTAI kernels and ”“linuxcnc-uspace” for preempt-rt.

» Click the check box to mark the new linuxcnc and linuxcnc-doc-* packages for upgrade. The package
manager may select a number of additional packages to be installed, to satisfy dependencies that
the new linuxcnc package has.

= Click the Apply button, and let your computer install the new package. The old linuxcnc package
will be automatically upgraded to the new one.

1.5.1.3. Ubuntu

» Click on the Dash Home icon in the top left.
= In the Search field, type “update”, then click on the Update Manager icon.
» Click the Check button to fetch the list of packages available.

» Click the Install Updates button to install the new versions of all packages.

1.5.2. Updating without Network

To update without a network connection you need to download the .deb then install it with dpkg. The
.debs can be found in https://linuxcnc.org/dists/ .

You have to drill down from the above link to find the correct deb for your installation. Open a terminal
and type in Isb release -ic to find the release name of your OS.

> lsb_release -ic
Distributor ID: Debian
Codename: bullseye

Pick the OS from the list then pick the major version you want like 2.9-rt for RTAI or 2.9-rtpreempt or
2.9-uspace for preempt-rt.

Next pick the type of computer you have: binary-amd64 for any 64-bit x86, binary-i386 for 32 bit,
binary-armhf (32bit) or binary-arm64 (64bit) for Raspberry Pi.

Next pick the version you want from the bottom of the list like linuxcnc-uspace 2.8.0 amd64.deb
(choose the latest by date). Download the deb and copy it to your home directory. You can rename the
file to something a bit shorter with the file manager like linuxcnc 2.9.2.deb then open a terminal and
install it with the package manager with this command:

sudo dpkg -i linuxcnc_2.9.2.deb

1.5.3. Updating Configuration Files for 2.9

1.5.3.1. Stricter handling of pluggable interpreters

If you just run regular G-code and you don’t know what a pluggable interpreter is, then this section
does not affect you.

A seldom-used feature of LinuxCNC is support for pluggable interpreters, controlled by the undocu-
mented [TASK]INTERPRETER INI setting.

Versions of LinuxCNC before 2.9.0 used to handle an incorrect [TASK]INTERPRETER setting by auto-
matically falling back to using the default G-code interpreter.

Since 2.9.0, an incorrect [ TASK]INTERPRETER value will cause LinuxCNC to refuse to start up. Fix this
condition by deleting the [TASK]INTERPRETER setting from your INI file, so that LinuxCNC will use
the default G-code interpreter.



https://linuxcnc.org/dists/

LinuxCNC V2.9.4, 13 Apr 2025 20 /1288

1.5.3.2. Canterp

If you just run regular G-code and you don’t use the canterp pluggable interpreter, then this section
does not affect you.

In the extremely unlikely event that you are using canterp, know that the module has moved from
/usr/lib/libcanterp.so to /usr/lib/linuxcnc/canterp.so, and the [TASK]INTERPRETER setting
correspondingly needs to change from libcanterp.so to canterp.so.

1.5.4. Updating Configuration Files (for 2.9.y)

No changes should be necessary to configuration files when moving from 2.8.x to 2.9.y.

1.5.4.1. Spindle limits in the INI

It is now possible to add settings to the [SPINDLE] section of the INI file
MAX FORWARD VELOCITY = 20000 The maximum spindle speed (in rpm)
MIN FORWARD VELOCITY = 3000 The minimum spindle speed (in rpm)

MAX REVERSE VELOCITY = 20000 This setting will default to MAX FORWARD VELOCITY if omit-
ted.

MIN REVERSE VELOCITY = 3000 This setting is equivalent to MIN. FORWARD VELOCITY but for
reverse spindle rotation. It will default to the MIN FORWARD VELOCITY if omitted.

INCREMENT = 200 Sets the step size for spindle speed increment / decrement commands. This can
have a different value for each spindle. This setting is effective with AXIS and Touchy but note that
some control screens may handle things differently.

HOME SEARCH VELOCITY = 100 - Accepted but currently does nothing
HOME SEQUENCE = 0 - Accepted but currently does nothing

1.5.5. New HAL components

1.5.5.1. Non-Realtime

mdro mqtt-publisher pi500 vfd pmx485-test qtplasmac-cfg2prefs qtplasmac-materials qtplasmac-plasmac?2c
gtplasmac-setup sim-torch svd-ps_vfd

1.5.5.2. En tiempo real

anglejog div2 enum filter kalman flipflop hal parport homecomp limit axis mesa uart millturn sca-
led s32 sums tof ton

1.5.6. New Drivers
A framework for controlling ModBus devices using the serial ports on many Mesa cards has been
introduced. http://linuxcnc.org/docs/2.9/html/drivers/mesa modbus.html

A new GPIO driver for any GPIO which is supported by the gpiod library is now included: http://linuxcnc.org/-
docs/2.9/html/drivers/hal gpio.html
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1.6. Linux FAQ

These are some basic Linux commands and techniques for new to Linux users. More complete infor-
mation can be found on the web or by using the man pages.

1.6.1. Automatic Login

1.6.1.1. Debian

Debian Stretch uses the Xfce desktop environment by default, with the lightDM display manager
lightDM. To get automatic login with Stretch:

» In a terminal, use the command:

$ /usr/sbin/lightdm --show-config

= Make a note of the absolute path to the configuration file lightdm.conf.
» Edit that file with a pure text editor (gedit, nano, etc), as root.
» Find and uncomment the lines:

#autologin-user=
#autologin-user-timeout=0

= Set autologin-user=your user name

» Save and reboot.

1.6.1.2. Ubuntu

When you install LinuxCNC with the Ubuntu LiveCD the default is to have to log in each time you turn
the computer on. To enable automatic login go to System > Administration > Login Window. If it is
a fresh install the Login Window might take a second or three to pop up. You will have to have your
password that you used for the install to gain access to the Login Window Preferences window. In the
Security tab check off Enable Automatic Login and pick a user name from the list (that would be you).

1.6.2. Automatic Startup

To have LinuxCNC start automatically with your config after turning on the computer go to System
> Preferences > Sessions > Startup Applications, click Add. Browse to your config and select the .ini
file. When the file picker dialog closes, add linuxcnc and a space in front of the path to your .ini file.

Example:

linuxcnc /home/mill/linuxcnc/config/mill/mill.ini

The documentation refers to your respective .ini file as INI-file.




LinuxCNC V2.9.4, 13 Apr 2025 22 /1288

1.6.3. Terminal

Many things need to be done from the terminal like checking the kernel message buffer with dmesg.
Ubuntu and Linux Mint have a keyboard shortcut Ctrl + Alt + t. Debian Stretch does not have any
keyboard shortcuts defined. It can be easily created with the Configuration Manager. Most modern
file managers support the right key to open a terminal just make sure your right clicking on a blank
area or a directory not a file name. Most OS’s have the terminal as a menu item, usually in Accessories.

1.6.4. Man Pages

A man page (short for manual page) is a form of software documentation usually found on a Unix or
Unix-like operating system like Linux.

To view a man page open up a terminal to find out something about the find command in the terminal
window type:

man find

Use the Page Up and Page Down keys to view the man page and the Q key to quit viewing.

nota

Viewing the man page from the terminal may not get the expected man page. For example if you
type in man abs you will get the C abs not the LinuxCNC abs. It is best to view the LinuxCNC man
pages in the HTML documents.

1.6.5. List Modules

Sometimes when troubleshooting you need to get a list of modules that are loaded. In a terminal
window type:

1lsmod

If you want to send the output from lsmod to a text file in a terminal window type:

lsmod > mymod.txt

The resulting text file will be located in the home directory if you did not change directories when you
opened up the terminal window and it will be named mymod.txt or what ever you named it.

1.6.6. Editing a Root File

When you open the file browser and you see the owner of the file is root you must do extra steps to edit
that file. Editing some root files can have bad results. Be careful when editing root files. Generally,
you can open and view most root files, but they will open in read only mode.

1.6.6.1. The Command Line Way

Open a terminal and type

sudo gedit

Open the file with File > Open > Edit
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1.6.6.2. The GUI Way

1. Right click on the desktop and select Create Launcher
2. Type a name in like sudo edit
3. Type gksudo "gnome-open %u” as the command and save the launcher to your desktop

4. Drag a file onto your launcher to open and edit

1.6.6.3. Root Access

In Ubuntu you can become root by typing in “sudo -i” in a terminal window then typing in your pass-
word. Be careful, because you can really foul things up as root if you don’t know what you’re doing.

1.6.7. Terminal Commands

1.6.7.1. Working Directory

To find out the path to the present working directory in the terminal window type:

pwd

1.6.7.2. Changing Directories

To change the working directory to the one one level up, i.e., the parent directory, in the terminal
window type:

cd ..

To move up two levels in the terminal window type:
cd ../..

To move directly to your home directory, in the terrminal window use the cd command with no argu-
ments:

cd

To move down to the linuxcnc/configs subdirectory in the terminal window type:

cd linuxcnc/configs

1.6.7.3. Listing files in a directory

To view a list of all the files and subdirectories in the terminal window type:

dir

or
1s
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1.6.7.4. Finding a File

The find command can be a bit confusing to a new Linux user. The basic syntax is:

find starting-directory parameters actions

For example to find all the .ini files in your linuxcnc directory you first need to use the pwd command
to find out the directory.

Open a new terminal window and type:

pwd

And pwd might return the following result:

/home/joe

With this information put the command together like this:

find /home/joe/linuxcnc -name \*.ini -print

The -name is the name of the file your looking for and the -print tells it to print out the result to the
terminal window. The \*.ini tells find to return all files that have the .ini extension. The backslash is
needed to escape the shell meta-characters. See the find man page for more information on find.

1.6.7.5. Searching for Text

grep -irl ’text to search for' *

This will find all the files that contain the text to search for in the current directory and all the subdi-
rectories below it, while ignoring the case. The -i is for ignore case and the -r is for recursive (include
all subdirectories in the search). The -1 option will return a list of the file names, if you leave the -1 off
you will also get the text where each occurrence of the "text to search for” is found. The * is a wild
card for search all files. See the grep man page for more information.

1.6.7.6. Diagnostic Messages

To view the diagnostic messages use “dmesg” from the command window. To save the diagnostic
messages to a file use the redirection operator >, like this:

dmesg > bootmsg.txt

The contents of this file can be copied and pasted on line to share with people trying to help you
diagnose your problem.

To clear the message buffer type this:

sudo dmesg -c

This can be helpful to do just before launching LinuxCNC, so that there will only be a record of infor-
mation related to the current launch of LinuxCNC.

To find the built in parallel port address use grep to filter the information out of dmesg.
After boot up open a terminal and type:

dmesg|grep parport
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1.6.8. Convenience Items

1.6.8.1. Terminal Launcher

If you want to add a terminal launcher to the panel bar on top of the screen you typically can right click
on the panel at the top of the screen and select "Add to Panel”. Select Custom Application Launcher
and Add. Give it a name and put gnome-terminal in the command box.

1.6.9. Hardware Problems

1.6.9.1. Hardware Info

To find out what hardware is connected to your motherboard in a terminal window type:

lspci -v

1.6.9.2. Monitor Resolution

During installation Ubuntu attempts to detect the monitor settings. If this fails you are left with a
generic monitor with a maximum resolution of 800x600.

Instructions for fixing this are located here:

https://help.ubuntu.com/community/FixVideoResolutionHowto

1.6.10. Paths

Relative Paths Relative paths are based on the startup directory which is the directory containing
the INI-file. Using relative paths can facilitate relocation of configurations but requires a good un-
derstanding of linux path specifiers.

./f0 is the same as f0, e.g., a file named f0O in the startup directory
/Tl refers to a file fl in the parent directory

/12 refers to a file f2 in the parent of the parent directory
/.. /.0 /3 etc.
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Capitulo 2

General User Information

2.1. User Foreword

LinuxCNC is modular and flexible. These attributes lead many to see it as a confusing jumble of little
things and wonder why it is the way it is. This page attempts to answer that question before you get
into the thick of things.

LinuxCNC started at the National Institute of Standards and Technology in the USA. It grew up using
Unix as its operating system. Unix made it different. Among early Unix developers there grew a set of
code writing ideas that some call the Unix way. These early LinuxCNC authors followed those ways.

Eric S. Raymond, in his book The Art of Unix Programming, summarizes the Unix philosophy as the
widely-used engineering philosophy, “Keep it Simple, Stupid” (KISS Principle). He then describes how
he believes this overall philosophy is applied as a cultural Unix norm, although unsurprisingly it is not
difficult to find severe violations of most of the following in actual Unix practice:

» Rule of Modularity: Write simple parts connected by clean interfaces.
= Rule of Clarity: Clarity is better than cleverness.
= Rule of Composition: Design programs to be connected to other programs.

= Rule of Separation: Separate policy from mechanism; separate interfaces from engines.!

Mr. Raymond offered several more rules but these four describe essential characteristics of the Li-
nuxCNC motion control system.

The Modularity rule is critical. Throughout these handbooks you will find talk of the interpreter or
task planner or motion or HAL. Each of these is a module or collection of modules. It’s modularity that
allows you to connect together just the parts you need to run your machine.

The Clarity rule is essential. LinuxCNC is a work in progress — it is not finished nor will it ever be. It
is complete enough to run most of the machines we want it to run. Much of that progress is achieved
because many users and code developers are able to look at the work of others and build on what they
have done.

The Composition rule allows us to build a predictable control system from the many modules availa-
ble by making them connectable. We achieve connectability by setting up standard interfaces to sets
of modules and following those standards.

The Separation rule requires that we make distinct parts that do little things. By separating functions
debugging is much easier and replacement modules can be dropped into the system and comparisons
easily made.

1Found at link:https://en.wikipedia.org/wiki/Separation_of mechanism_and_policy, 2022-11-13
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What does the Unix way mean for you as a user of LinuxCNC. It means that you are able to make
choices about how you will use the system. Many of these choices are a part of machine integration,
but many also affect the way you will use your machine. As you read you will find many places where
you will need to make comparisons. Eventually you will make choices, “I'll use this interface rather
than that” or, “I'll write part offsets this way rather than that way.”. Throughout these handbooks we
describe the range of abilities currently available.

As you begin your journey into using LinuxCNC we offer two cautionary notes:?

» Paraphrasing the words of Doug Gwyn on UNIX: "LinuxCNC was not designed to stop its users from
doing stupid things, as that would also stop them from doing clever things.”

» Likewise the words of Steven King: "LinuxCNC is user-friendly. It just isn’t promiscuous about which
users it’s friendly with.”

A series of videos on YouTube provide plenty of evidence a transition to LinuxCNC is possible no
matter what your regular computer operating system may be. That said, with the advent of additive
manufacturing like 3D printing there is an increasing interest by the broader IT community in CNC
machining and it should be possible to find someone with complementary skills/equipment near to
you to jointly overcome the initial hurdles.

2.2. LinuxCNC User Introduction

2.2.1. Introduction

This document is focused on the use of LinuxCNC, it is intended for readers who have already installed
and configured it. Some information on installation is given in the following chapters. The complete
documentation on installation and configuration can be found in the integrator’s manual.

2.2.2. How LinuxCNC Works

LinuxCNC is a suite of highly-customisable applications for the control of a Computer Numerically
Controlled (CNC) mills and lathes, 3D printers, robots, laser cutters, plasma cutters and other auto-
mated devices. It is capable of providing coordinated control of up to 9 axes of movement.

At its heart, LinuxCNC consists of several key components that are integrated together to form one
complete system:

» a Graphical User Interface (GUI), which forms the basic interface between the operator, the software
and the CNC machine itself;

» the Hardware Abstraction Layer (HAL), which provides a method of linking all the various internal
virtual signals generated and received by LinuxCNC with the outside world, and

» the high level controllers that coordinate the generation and execution of motion control of the CNC
machine, namely the motion controller (EMCMOT), the discrete input/output controller (EMCIO)
and the task executor (EMCTASK).

The below illustration is a simple block diagram showing what a typical 3-axis CNC mill with stepper
motors might look like:

2Found at link:https://en.wikipedia.org/wiki/Unix_philosophy, 07/06/2008
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Power supply

Linux PC

Stepper Stepper
drives motors

Figura 2.1: Simple LinuxCNC Controlled Machine

A computer running LinuxCNC sends a sequence of pulses via the parallel port to the stepper drives,
each of which has one stepper motor connected to it. Each drive receives two independent signals;
one signal to command the drive to move its associated stepper motor in a clockwise or anti-clockwise
direction, and a second signal that defines the speed at which that stepper motor rotates.

While a stepper motor system under parallel port control is illustrated, a LinuxCNC system can also
take advantage of a wide variety of dedicated hardware motion control interfaces for increased speed
and I/O capabilities. A full list of interfaces supported by LinuxCNC can be found on the Supported
Hardware page of the Wiki.

In most circumstances, users will create a configuration specific to their mill setup using either the
Stepper Configuration Wizard (for CNC systems operating using the computers’ parallel port) or the
Mesa Hardware Wizard (for more advanced systems utilising a Mesa Anything I/O PCI card). Running
either wizard will create several folders on the computers’ hard drive containing a number of configu-
ration files specific to that CNC machine, and an icon placed on the desktop to allow easy launching
of LinuxCNC.

For example, if the Stepper Configuration Wizard was used to create a setup for the 3-axis CNC
mill illustrated above entitled My CNC, the folders created by the wizard would typically contain the
following files:

= Folder: My_CNC

* My CNC.ini
The INI file contains all the basic hardware information regarding the operation of the CNC mill,
such as the number of steps each stepper motor must turn to complete one full revolution, the
maximum rate at which each stepper may operate at, the limits of travel of each axis or the
configuration and behaviour of limit switches on each axis.

* My_CNC.hal
This HAL file contains information that tells LinuxCNC how to link the internal virtual signals to
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physical connections beyond the computer. For example, specifying pin 4 on the parallel port to
send out the Z axis step direction signal, or directing LinuxCNC to cease driving the X axis motor
when a limit switch is triggered on parallel port pin 13.

e custom.hal
Customisations to the mill configuration beyond the scope of the wizard may be performed by
including further links to other virtual points within LinuxCNC in this HAL file. When starting a
LinuxCNC session, this file is read and processed before the GUI is loaded. An example may inclu-
de initiating Modbus communications to the spindle motor so that it is confirmed as operational
before the GUI is displayed.

e custom_postgui.hal
The custom postgui HAL file allows further customisation of LinuxCNC, but differs from cus-
tom.HAL in that it is processed after the GUI is displayed. For example, after establishing Modbus
communications to the spindle motor in custom.hal, LinuxCNC can use the custom_postgui file to
link the spindle speed readout from the motor drive to a bargraph displayed on the GUI.

» postgui_backup.hal
This is provided as a backup copy of the custom postgui.hal file to allow the user to quickly
restore a previously-working postgui HAL configuration. This is especially useful if the user wants
to run the Configuration Wizard again under the same My CNC name in order to modify some
parameters of the mill. Saving the mill configuration in the Wizard will overwrite the existing
custom_postgui file while leaving the postgui backup file untouched.

* tool.thl
A tool table file contains a parameterised list of any cutting tools used by the mill. These parame-
ters can include cutter diameter and length, and is used to provide a catalogue of data that tells
LinuxCNC how to compensate its motion for different sized tools within a milling operation.

= Folder: nc_files
The nc files folder is provided as a default location to store the G-code programs used to drive the
mill. It also includes a number of subfolders with G-code examples.

2.2.3. Graphical User Interfaces

A graphical user interface is the part of the LinuxCNC that the machine tool operator interacts with.
LinuxCNC comes with several types of user interfaces which may be chosen from by editing certain
fields contained in the INI file:

AXIS
AXIS, the standard keyboard GUI interface. This is also the default GUI launched when a Confi-
guration Wizard is used to create a desktop icon launcher:
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File Machine View Help

Qe o b im =z NXIY[ P&

Manual Control [F3] | MDI [F51] Preview | DRO

Axis: Y Z 1 LOQoo -a-
- | +||Continuous - : L0000
Home All Touch Off : .0000 ¢

.Qoo0

Spindle: Stop %

Feed Override: 100 %
Rapid Override: 100 %
Spindle Override: 100 %
Jog Speed: 12 in/min

Max Velocity: 300 in/min

[ AXIS "splash g-code" Not intended for actual milling )

[ To run this code anyway you might have to Touch Off the Z axis)

[ depending on your setup. As if you had some material in your mill... )

[ Hint jog the Z axis down a bit then touch off )

[ Also press the Toggle Skip Lines with "/" to see that part )

[ If the program is too big or small for your machine, change the scale below )
[ LinuxCNC 19/1/2812 2:13:51 PM )
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oM Mo tool Position: Relative Actual

Figura 2.2: AXIS, the standard keyboard GUI interface

Touchy
Touchy, a touch screens GUI:
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Figura 2.3: Touchy, a touch screen GUI

Gscreen
Gscreen, a user-configurable touch screen GUI:
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Figura 2.4: Gscreen, a configurable base touch screen GUI

GMOCCAPY
GMOCCAPY, a touch screen GUI based on Gscreen. GMOCCAPY is also designed to work equally

well in applications where a keyboard and mouse are the preferred methods of controlling the
GUI:
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Figura 2.5: GMOCCAPY, a touch screen GUI based on Gscreen
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NGCGUI

NGCGUI, a subroutine GUI that provides wizard-style programming of G code. NGCGUI may be

run as a standalone program or embedded into another GUI as a series of tabs. The following
screenshot shows NGCGUI embedded into AXIS:
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Figura 2.6: NGCGUI, a graphical interface integrated into AXIS

TkLinuxCNC

TkLinuxCNC, another interface based on Tcl/Tk. Once the most popular interface after AXIS.
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Figura 2.7: TkLinuxCNC graphical interface

QtDragon
QtDragon, a touch screen GUI based on QtVCP using the PyQt5 library. It comes in two versions

QtDragon and QtDragon_hd. They are very similar in features but QtDragon hd is made for larger
monitors.
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Figura 2.8: QtDragon, a touch screen GUI based on QtVCP
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QtPlasmaC, a touch screen plasma cutting GUI based on QtVCP using the PyQt5 library. It comes
in three aspect ratios, 16:9, 4:3, and 9:16.
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Figura 2.9: QtPlasmaC, a touch screen plasma cutting GUI based on QtVCP

2.2.4. User Interfaces

These User interfaces are a way to interact with LinuxCNC outside of the graphical user interfaces.

halui
A HAL based user interface allowing to control LinuxCNC using buttons and switches

linuxcncrsh
A telnet based user interface allowing to send commands from remote computers.

2.2.5. Virtual Control Panels

As mentioned above, many of LinuxCNC’s GUIs may be customized by the user. This may be done to
add indicators, readouts, switches or sliders to the basic appearance of one of the GUIs for increased
flexibility or functionality. Two styles of Virtual Control Panel are offered in LinuxCNC:

PyVCP
PyVCP, a Python-based virtual control panel that can be added to the AXIS GUI. PyVCP only
utilises virtual signals contained within the Hardware Abstraction Layer, such as the spindle-at-
speed indicator or the Emergency Stop output signal, and has a simple no-frills appearance. This
makes it an excellent choice if the user wants to add a Virtual Control Panel with minimal fuss.
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Figura 2.10: PyVCP Example Embedded Into AXIS GUI
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GladeVCP, a Glade-based virtual control panel that can be added to the AXIS or Touchy GUIs.
GladeVCP has the advantage over PyVCP in that it is not limited to the display or control of HAL
virtual signals, but can include other external interfaces outside LinuxCNC such as window or
network events. GladeVCP is also more flexible in how it may be configured to appear on the

GUI:
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Figura 2.11: GladeVCP Example Embedded Into AXIS GUI

QtvCp
QtVCP, a PyQtb5-based virtual control panel that can be added to most GUIs or run as a standalone
panel. QtVCP has the advantage over PyVCP in that it is not limited to the display or control of
HAL virtual signals, but can include other external interfaces outside LinuxCNC such as window
or network events by extending with python code. QtVCP is also more flexible in how it may be
configured to appear on the GUI with many special widgets:
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Figura 2.12: QtVCP Example Embedded Into QtDragon GUI

2.2.6. Languages

LinuxCNC uses translation files to translate LinuxCNC User Interfaces into many languages including
French, German, Italian, Finnish, Russian, Romanian, Portuguese and Chinese. Assuming a translation
has been created, LinuxCNC will automatically use whatever native language you log in with when
starting the Linux operating system. If your language has not been translated, contact a developer on
IRC, the mailing list or the User Forum for assistance.

2.2.7. Think Like a CNC Operator

This manual does not pretend to teach you how to use a lathe or a milling machine. Becoming an
experienced operator takes a lot of time and requires a lot of work. An author once said, We learn
by experience, if one possesses it all. Broken tools, vices attacked and the scars are evidence of the
lessons learned. A beautiful finish, tight tolerances and caution during the work are evidence of lessons
learned. No machine nor program can replace human experience.

Now that you start working with the LinuxCNC software, you have to put yourself in the shoes of an
operator. You must be in the role of someone in charge of a machine. It’s a machine that will wait
for your commands and then execute the orders that you will give it. In these pages, we will give the
explanations which will help you to become a good CNC operator with LinuxCNC.
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2.2.8. Modes of Operation

When LinuxCNC is running, there are three different major modes used for inputting commands.
These are Manual, Auto, and Manual Data Input (MDI). Changing from one mode to another makes
a big difference in the way that the LinuxCNC control behaves. There are specific things that can be
done in one mode that cannot be done in another. An operator can home an axis in manual mode but
not in auto or MDI modes. An operator can cause the machine to execute a whole file full of G-codes
in the auto mode but not in manual or MDI.

In manual mode, each command is entered separately. In human terms a manual command might be
“turn on coolant” or ”jog X at 25 inches per minute”. These are roughly equivalent to flipping a switch
or turning the hand wheel for an axis. These commands are normally handled on one of the graphical
interfaces by pressing a button with the mouse or holding down a key on the keyboard. In auto mode,
a similar button or key press might be used to load or start the running of a whole program of G-code
that is stored in a file. In the MDI mode the operator might type in a block of code and tell the machine
to execute it by pressing the <return> or <enter> key on the keyboard.

Some motion control commands are available concurrently and will cause the same changes in motion
in all modes. These include Abort, Emergency Stop, and Feed Rate Override. Commands like these
should be self explanatory.

The AXIS user interface hides some of the distinctions between Auto and the other modes by making
auto-commands available at most times. It also blurs the distinction between Manual and MDI, becau-
se some Manual commands like Touch Off are actually implemented by sending MDI commands. It
does this by automatically changing to the mode that is needed for the action the user has requested.

2.3. Important User Concepts

This chapter covers important user concepts that should be understood before attempting to run a
CNC machine with G-code.

2.3.1. Trajectory Control

2.3.1.1. Trajectory Planning

Trajectory planning, in general, is the means by which LinuxCNC follows the path specified by your
G-code program, while still operating within the limits of your machinery.

A G-code program can never be fully obeyed. For example, imagine you specify as a single-line program
the following move:

Gl X1 F10 (Gl is linear move, X1 is the destination, F10 is the speed)

In reality, the whole move can’t be made at F10, since the machine must accelerate from a stop, move
toward X=1, and then decelerate to stop again. Sometimes part of the move is done at F10, but for
many moves, especially short ones, the specified feed rate is never reached at all. Having short moves
in your G-code can cause your machine to slow down and speed up for the longer moves if the naive
cam detector is not employed with G64 Pn.

The basic acceleration and deceleration described above is not complex and there is no compromise
to be made. In the INI file the specified machine constraints, such as maximum axis velocity and axis
acceleration, must be obeyed by the trajectory planner.

For more information on the Trajectory Planner INI options see the Trajectory Section in the INI
chapter.
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2.3.1.2. Path Following

A less straightforward problem is that of path following. When you program a corner in G-code, the
trajectory planner can do several things, all of which are right in some cases:

» It can decelerate to a stop exactly at the coordinates of the corner, and then accelerate in the new
direction.

» It can also do what is called blending, which is to keep the feed rate up while going through the
corner, making it necessary to round the corner off in order to obey machine constraints.

You can see that there is a trade off here: you can slow down to get better path following, or keep the
speed up and have worse path following. Depending on the particular cut, the material, the tooling,
etc., the programmer may want to compromise differently.

Rapid moves also obey the current trajectory control. With moves long enough to reach maximum
velocity on a machine with low acceleration and no path tolerance specified, you can get a fairly
round corner.

2.3.1.3. Programming the Planner

The trajectory control commands are as follows:

G61
(Exact Path Mode) G61 visits the programmed point exactly, even though that means it might
temporarily come to a complete stop in order to change direction to the next programmed point.

G61.1
(Exact Stop Mode) G61.1 tells the planner to come to an exact stop at every segment’s end. The
path will be followed exactly but complete feed stops can be destructive for the part or tool,
depending on the specifics of the machining.

G64

(Blend Without Tolerance Mode) G64 is the default setting when you start LinuxCNC. G64 is just
blending and the naive cam detector is not enabled. G64 and G64 PO tell the planner to sacrifice
path following accuracy in order to keep the feed rate up. This is necessary for some types of
material or tooling where exact stops are harmful, and can work great as long as the programmer
is careful to keep in mind that the tool’s path will be somewhat more curvy than the program
specifies. When using GO (rapid) moves with G64 use caution on clearance moves and allow
enough distance to clear obstacles based on the acceleration capabilities of your machine.

G64 P- Q-

(Blend With Tolerance Mode) This enables the naive cam detector and enables blending with a
tolerance. If you program G64 P0.05, you tell the planner that you want continuous feed, but at
programmed corners you want it to slow down enough so that the tool path can stay within 0.05
user units of the programmed path. The exact amount of slowdown depends on the geometry of
the programmed corner and the machine constraints, but the only thing the programmer needs to
worry about is the tolerance. This gives the programmer complete control over the path following
compromise. The blend tolerance can be changed throughout the program as necessary. Beware
that a specification of G64 PO has the same effect as G64 alone (above), which is necessary for
backward compatibility for old G-code programs. See the G64 section of the G-code chapter.

Blending without tolerance
The controlled point will touch each specified movement at at least one point. The machine will
never move at such a speed that it cannot come to an exact stop at the end of the current mo-
vement (or next movement, if you pause when blending has already started). The distance from
the end point of the move is as large as it needs to be to keep up the best contouring feed.




LinuxCNC V2.9.4, 13 Apr 2025 43 /1288

Naive CAM Detector

Successive G1 moves that involve only the XYZ axes that deviate less than Q- from a straight
line are merged into a single straight line. This merged movement replaces the individual G1
movements for the purposes of blending with tolerance. Between successive movements, the
controlled point will pass no more than P- from the actual endpoints of the movements. The
controlled point will touch at least one point on each movement. The machine will never move at
such a speed that it cannot come to an exact stop at the end of the current movement (or next
movement, if you pause when blending has already started). On G2/3 moves in the G17 (XY) plane,
when the maximum deviation of an arc from a straight line is less than the G64 Q- tolerance, the
arc is broken into two lines (from start of arc to midpoint, and from midpoint to end). Those lines
are then subject to the naive cam algorithm for lines. Thus, line-arc, arc-arc, and arc-line cases
as well as line-line benefit from the naive cam detector. This improves contouring performance
by simplifying the path.

In the following figure the blue line represents the actual machine velocity. The red lines are the
acceleration capability of the machine. The horizontal lines below each plot is the planned move.
The upper plot shows how the trajectory planner will slow the machine down when short moves are
encountered, to stay within the limits of the machines acceleration setting to be able to come to an
exact stop at the end of the next move. The bottom plot shows the effect of the Naive Cam Detector
to combine the moves and do a better job of keeping the velocity as planned.

Figura 2.13: Naive CAM Detector

2.3.1.4. Planning Moves

Make sure moves are long enough to suit your machine/material. Principally because of the rule that
the machine will never move at such a speed that it cannot come to a complete stop at the end of
the current movement, there is a minimum movement length that will allow the machine to keep up
a requested feed rate with a given acceleration setting.

The acceleration and deceleration phase each use half the INI file MAX ACCELERATION. In a blend
that is an exact reversal, this causes the total axis acceleration to equal the INI file MAX ACCELERATION.
In other cases, the actual machine acceleration is somewhat less than the INI file acceleration.

To keep up the feed rate, the move must be longer than the distance it takes to accelerate from 0 to
the desired feed rate and then stop again. Using A as 1/2 the INI file MAX ACCELERATION and F as
the feed rate in units per second, the acceleration time is t, = F/A and the acceleration distance is
d, = F*t,/2. The deceleration time and distance are the same, making the critical distance d = d, +
dg = 2 *d, = F?/A.

For example, for a feed rate of 1 inch per second and an acceleration of 10 inches/sec?, the critical
distance is 1%2/10 = 1/10 = 0.1 inches.

For a feed rate of 0.5 inch per second, the critical distance is 52/100 = 25/100 = 0.025 inches.
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2.3.2. G-code

2.3.2.1. Defaults

When LinuxCNC first starts up many G- and M-codes are loaded by default. The current active G- and
M-codes can be viewed on the MDI tab in the Active G-codes: window in the AXIS interface. These
G- and M-codes define the behavior of LinuxCNC and it is important that you understand what each
one does before running LinuxCNC. The defaults can be changed when running a G-code file and
left in a different state than when you started your LinuxCNC session. The best practice is to set the
defaults needed for the job in the preamble of your G-code file and not assume that the defaults have
not changed. Printing out the G-code Quick Reference page can help you remember what each one is.

2.3.2.2. Feed Rate

How the feed rate is applied depends on if an axis involved with the move is a rotary axis. Read and
understand the Feed Rate section if you have a rotary axis or a lathe.

2.3.2.3. Tool Radius Offset

Tool Radius Offset (G41/42) requires that the tool be able to touch somewhere along each programmed
move without gouging the two adjacent moves. If that is not possible with the current tool diameter
you will get an error. A smaller diameter tool may run without an error on the same path. This means
you can program a cutter to pass down a path that is narrower than the cutter without any errors.
See the Cutter Compensation section for more information.

2.3.3. Homing

After starting LinuxCNC each axis must be homed prior to running a program or running a MDI
command. If your machine does not have home switches a match mark on each axis can aid in homing
the machine coordinates to the same place each time. Once homed your soft limits that are set in the
INI file will be used.

If you want to deviate from the default behavior, or want to use the Mini interface, you will need to set
the option NO_FORCE_HOMING = 1 in the [TRAJ] section of your INI file. More information on homing
can be found in the Integrator Manual.

2.3.4. Tool Changes

There are several options when doing manual tool changes. See the [EMCIO] section for information
on configuration of these options. Also see the G28 and G30 section of the G-code chapter.

2.3.5. Coordinate Systems

The Coordinate Systems can be confusing at first. Before running a CNC machine you must unders-
tand the basics of the coordinate systems used by LinuxCNC. In depth information on the LinuxCNC
Coordinate Systems is in the Coordinate System section of this manual.
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2.3.5.1. G53 Machine Coordinate

When you home LinuxCNC you set the G53 Machine Coordinate System to O for each axis homed.
No other coordinate systems or tool offsets are changed by homing.

The only time you move in the G53 machine coordinate system is when you program a G53 on the
same line as a move. Normally you are in the G54 coordinate system.

2.3.5.2. G54-59.3 User Coordinates

Normally you use the G54 Coordinate System. When an offset is applied to a current user coordinate
system, a small blue ball with lines will be at the machine origin when your DRO is displaying Posi-
tion: Relative Actual in AXIS. If your offsets are temporary use the Zero Coordinate System from the
Machine menu or program G10 L2 P1 X0 YO0 Z0 at the end of your G-code file. Change the P number
to suit the coordinate system you wish to clear the offset in.

» Offsets stored in a user coordinate system are retained when LinuxCNC is shut down.

» Using the Touch Off button in AXIS sets an offset for the chosen User Coordinate System.

2.3.5.3. When You Are Lost

If you're having trouble getting 0,0,0 on the DRO when you think you should, you may have some
offsets programmed in and need to remove them.

= Move to the Machine origin with G53 GO X0 Y0 Z0
» Clear any G92 offset with G92.1

» Use the G54 coordinate system with G54

» Set the G54 coordinate system to be the same as the machine coordinate system with G10 L2 P1
X0 YO0 Z0 RO.

s Turn off tool offsets with G49

= Turn on the Relative Coordinate Display from the menu

Now you should be at the machine origin X0 YO Z0 and the relative coordinate system should be the
same as the machine coordinate system.

2.3.6. Machine Configurations

The following diagram shows a typical mill showing direction of travel of the tool and the mill table and
limit switches. Notice how the mill table moves in the opposite direction of the Cartesian coordinate
system arrows shown by the Tool Direction image. This makes the tool move in the correct direction
in relation to the material.

Note also the position of the limit switches and the direction of activation of their cams. Several
combinations are possible, for example it is possible (contrary to the drawing) to place a single fixed
limit switch in the middle of the table and two mobile cams to activate it. In this case the limits will
be reversed, +X will be on the right of the table and -X on the left. This inversion does not change
anything from the point of view of the direction of movement of the tool.
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Figura 2.14: Typical Mill Configuration

The following diagram shows a typical lathe showing direction of travel of the tool and limit switches.
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Figura 2.15: Typical Lathe Configuration

2.4. Starting LinuxCNC

2.4.1. Running LinuxCNC

LinuxCNC is started with the script file linuxcnc.

linuxcnc [options] [<INI-file>]

linuxcnc script options