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Chapitre 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
machine

— 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)
— a realtime 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 Li-
nuxCNC 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.

— 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.
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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.

— 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.

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



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
https://wiki.linuxcnc.org/
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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.

— To run LinuxCNC 2.8 and Debian Buster from the LiveCD the system should be 64-bit capable.
— 512 MB or more of RAM

— 8 GB hard disk

— 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.

— A network or Internet connection (not strictly needed, but very useful for updates and for commu-
nicating with the LinuxCNC community)

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

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.



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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1.2.2.1 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.

1.2.3.2 Video Cards

If yourinstallation 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.

Note

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.
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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

For x86 PCs Download the Live/Install CD by clicking here:
https://linuxcnc.org/iso/linuxcnc-2.8.4-buster.iso

For the Raspberry Pi a complete SD card image is available here:
https://linuxcnc.org/iso/linuxcnc-2.8.1-pid.zip (this will auto-update to 2.8.4)

This can be installed using the normal Pi install process including with the Raspberry Pi Imager app.

This SD image is reported not to work with the Raspberry Pi4 8GB model. Note also that this version
of the SD image limits available memory to 3GB as this is necessary to persuade it to run with both
WiFi and USB working on some versions of the Pi. You can experiment with removing this limit by
editing the config-rt.txt file in the boot directory. If you can’t boot after the change then the file can
be edited back by mounting the SD card in a a different computer (maybe even a Pi with a USB card
reader).

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

sudo apt-get install zsync

— Then run this command to download the iso to your computer

zsync https://linuxcnc.org/iso/linuxcnc-2.8.4-buster.iso

ou
zsync https://linuxcnc.org/iso/linuxcnc-2.8.1-pi4.zip.zsync

zsync in Windows There is a Windows port of zsync. It works as a console application. It can be

downloaded from:

https://www.assembla.com/spaces/zsync-windows/documents



https://linuxcnc.org/iso/linuxcnc-2.8.4-buster.iso
https://linuxcnc.org/iso/linuxcnc-2.8.1-pi4.zip
https://www.raspberrypi.org/documentation/installation/installing-images/README.md
https://www.assembla.com/spaces/zsync-windows/documents
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1.3.1.3 Verify the image

(This step is unnecessary if you used zsync)

1.

2.

After downloading, verify the checksum of the image to ensure integrity.

md5sum linuxcnc-2.8.4-buster.iso

ou

sha256sum linuxcnc-2.8.4-buster.iso

Then compare to these checksums

md5sum: 8abebabd2c792c3e06fbeeded049ed4l
sha256sum: Obfeac3ddfelbdbf5caddad84eeecl65741d3f253a16b75e4405c06b7b489700

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 Raspberry Pi image is a completes SD card image and should be written to an SD card in the
normal way.

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.

Writing the image to a USB storage device in Linux

1.
2.

3.

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

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.

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-2.8.4-buster.iso of=/dev/sde

Writing the image to a USB storage device in Mac OSX

1.

5.

Open a terminal and type
diskutil list

. Insert the USB and note the name of the new disk that appears, eg /dev/disk5
. unmount the USB. The number found above should be substituted in place of the N

diskutil unmountDisk /dev/diskN

. Transfer the data with dd, as for Linux above. Note that the disk name has an added "r” at the

beginning
sudo dd if=/path-to.iso of=/dev/rdiskN bs=1m

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.

2.

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.



https://help.ubuntu.com/community/HowToMD5SUM
https://www.raspberrypi.org/documentation/installation/installing-images/README.md
https://www.raspberrypi.org/documentation/installation/installing-images/README.md
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3. Right click on the ISO image file and choose Write to Disc.
4. Select the write speed. It is recommended that you write at the lowest possible speed.
5. Start the burning process.

6. 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 bur